
	 www.PRSGlobalOpen.com	 1

Breast
Original Article

	

Disclosure statements are at the end of this article, 
following the correspondence information.

Related Digital Media are available in the full-text 
version of the article on www.PRSGlobalOpen.com.

10November2025

November

The Association of Hand Dominance With 
the Development of Breast Cancer–related 
Lymphedema After Mastectomy: A Retrospective 
Analysis

Devin J. Clegg, MD*
Payton Grande, BS†

Jeein Yoon, MD*
Gulsah Onar, MPH*
Jeremy Watts, PhD‡

Anahita Khojandi, PhD§
Vasileios Maroulas, PhD‡

Stefanos Boukovalas, MD¶

From the *Department of Surgery, University of Tennessee Health 
Science Center College of Medicine, Knoxville, TN; †University of 
Tennessee Health Science Center College of Medicine, Memphis, TN; 
‡Department of Mathematics, University of Tennessee, Knoxville, 
TN; §Department of Industrial and Systems Engineering, 
University of Tennessee, Knoxville, TN; and ¶Division of Plastic 
and Reconstructive Surgery, Department of Surgery, The University 
of Tennessee Graduate School of Medicine, Knoxville, TN.
Received for publication April 28, 2025; accepted September 5, 
2025.
An abstract associated with this article was presented at Plastic 
Surgery, The Meeting 2024, September 26, 2024, San Diego, CA, 
and was selected as a top 70 resident abstract.

Background: Risk factors for developing breast cancer–related lymphedema 
(BCRL) are well studied, but little is known about the effect of hand dominance 
(HD). This study aimed to investigate the relationship between HD and postmas-
tectomy BCRL for unilateral breast cancer (BC). Because BCRL treatment involves 
movement of the affected limb, we postulated that the inherently increased use of 
a dominant upper extremity may be protective against BCRL.
Methods: A retrospective cohort study of female patients with unilateral BC who 
underwent mastectomy at a single institution between 2012 and 2022 was per-
formed. BCRL was confirmed by a certified lymphedema therapist. The laterality 
of HD and BC was categorized as ipsilateral or contralateral.
Results: Of the 266 patients included in the analysis, 70 (26.3%) developed BCRL. 
A greater proportion of patients with HD contralateral BC developed BCRL 
(30.3% versus 22.4%; P = 0.129) compared with those with HD ipsilateral BC. No 
statistically significant difference in BCRL development based on BC and HD later-
ality was demonstrated regardless of lymph node management type. Multivariable 
analysis showed significant associations between the development of BCRL, and 
the number of lymph nodes removed (P < 0.001) and adjuvant radiation therapy 
(P < 0.001).
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Commons Attribution-Non Commercial-No Derivatives License 4.0 
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Conclusions: Although a greater proportion of patients with contralateral HD and 
BC developed BCRL, our results demonstrated no statistically significant relationship. 
Known risk factors such as increased number of lymph nodes removed and adjuvant 
radiation therapy were significantly associated with BCRL. Further studies including 
larger and multicenter populations are required to comprehensively elucidate the 
relationship between HD and BCRL. (Plast Reconstr Surg Glob Open 2025;13:e7251; doi: 
10.1097/GOX.0000000000007251; Published online 10 November 2025.)

INTRODUCTION
Breast cancer (BC) is the most common cancer affect-

ing women in the United States, with estimates finding 
that 1 in 8 women will be diagnosed in their lifetime.1–3 
Given the prevalence of BC and its 5-year survival rates 
of 91%, an emphasis is placed on mitigating potential 
complications of treatment and increasing quality of life 
following therapy for BC survivors.2–4 One such complica-
tion is breast cancer–related lymphedema (BCRL), which 
is characterized by uncomfortable or painful edema of the 
upper extremity and can affect patient function, appear-
ance, and psychosocial well-being.
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Currently, there is no cure for lymphedema, and treat-
ment approaches aim to prevent progression, control 
edema, alleviate symptoms, and reduce risk for infec-
tion.5,6 New advances in prophylactic and therapeutic 
surgical management strategies continue to emerge and 
evolve, such as liposuction for debulking, lymphovenous 
anastomosis, and vascularized lymph node transfer.6–9 
Yet, complete decongestive therapy (CDT), involving 
techniques such as manual lymphatic drainage, exer-
cises, and compression therapy performed by specially 
trained physical therapists, remains the standard in BCRL 
care.10–13 These approaches, along with strength training 
and other exercising protocols, have also been shown to 
act as preventative measures for BCRL due to contraction 
of extrinsic skeletal muscles, which is known to mobilize 
lymph.12,14–16 Several studies have demonstrated that inten-
tional exercise before and after BC treatment is safe and 
may decrease the risk of developing BCRL.12,17–26

When considering the upper extremities, individuals 
tend to exhibit a strong preference for using 1 “dominant” 
limb. This is the right limb in approximately 90% of the 
population, and is more often used for activities such as 
writing, eating, or playing sports.27–30 Previous studies have 
shown that not only is the dominant limb used more often 
for daily activities but also that the dominant limb tends 
to have an increased baseline strength when compared 
with the nondominant side.29–31 When considered in the 
context of BCRL, the dominant limb may therefore be 
better equipped to support lymphatic drainage follow-
ing BC treatment, thereby potentially lowering the risk 
of BCRL. This study aimed to explore the role of hand-
edness as a protective factor against BCRL, as there are 
currently no studies on the relationship between hand 
dominance (HD) and BCRL development. The authors 
hypothesized that women with unilateral BC undergoing 
mastectomy on their hand dominant side would be less 
likely to develop BCRL.

PATIENTS AND METHODS

Study Design
A retrospective chart review of 364 patients with BC at 

a single institution was performed. This cohort study was 
approved by the University of Tennessee Graduate School 
of Medicine in Knoxville (institutional review board no. 
5205). Inclusion criteria were (1) female patients with 
BC, (2) those who underwent mastectomy with or with-
out lymphadenectomy between January 2012 and June 
2022, and (3) those with minimum follow-up of 1.5 years. 
Confirmation of BCRL by a certified lymphedema ther-
apist was required for patient inclusion in the lymph-
edema cohort. Exclusion criteria included (1) individuals 
younger than 18 years of age at the time of mastectomy, 
(2) patients with bilateral BC, (3) those with incomplete 
records, (4) individuals deceased at the time of data col-
lection, or (5) those unable to be contacted. A total of 98 
patients were excluded for 1 or more of these reasons.

Study data were collected and managed using 
Research Electronic Data Capture tools hosted at the 

University of Tennessee Graduate School of Medicine 
in Knoxville.32,33 Research Electronic Data Capture is a 
secure, web-based software platform designed to sup-
port data capture for research studies, providing (1) an 
intuitive interface for validated data capture, (2) audit 
trails for tracking data manipulation and export proce-
dures, (3) automated export procedures for seamless 
data downloads to common statistical packages, and (4) 
procedures for data integration and interoperability with 
external sources.

Collected information included demographics (age 
at BC diagnosis, race/ethnicity, HD); comorbidities 
(body mass index [BMI], diagnosis of diabetes mellitus, 
tobacco use); treatment types (neoadjuvant or adjuvant 
chemotherapy, radiation therapy [RT], or hormonal 
therapy); oncological characteristics (BC laterality); 
perioperative information {final operative lymph node 
management (sentinel lymph node biopsy [SLNB], axil-
lary lymph node dissection [ALND], or none), total 
number of lymph nodes removed, breast reconstruc-
tion}; and outcomes of interest (BCRL, laterality of 
lymphedema).

Patients were divided into 2 cohorts, including those 
with BCRL and those without (non-BCRL). Confirmation 
of BCRL by a certified lymphedema therapist was required 
for patient inclusion in the lymphedema cohort. HD was 
obtained in 1 of 2 ways: (1) through medical records or (2) 
self-reported via telephone calls. Patients were contacted 
via telephone, and consent was obtained. Involvement was 
voluntary and able to be withdrawn at any time. Patients 
were contacted up to 3 times, after which they were desig-
nated as “unable to contact” and were therefore excluded 
from analysis. “Ipsilateral” patients were defined as those 
with HD and BC on the same side (ipsilateral BC/HD), 
and “contralateral” patients were defined as those with 
HD on the opposite side of their BC (contralateral BC/
HD). As there are no current standardized criteria for 
determination of handedness, for those who reported 
some level of ambidexterity (ie, writing with 1 hand and 
throwing with the other), handedness was classified based 
on their preferred writing hand, as penmanship requires 
finer motor control compared with other tasks.27–30

Takeaways
Question: Does breast cancer–related lymphedema 
(BCRL) develop less often after mastectomy when a 
patient’s breast cancer is on the same side as their domi-
nant hand?

Findings: Of 266 women with unilateral breast cancer who 
underwent mastectomy, 70 (26.3%) developed BCRL. 
Fewer patients with hand dominance on the same side 
as their breast cancer developed BCRL (22.4% versus 
30.3%, P = 0.129), but this was not statistically significant. 
No significant difference was found when evaluated by 
lymph node management type.

Meaning: Hand dominance was not significantly associ-
ated with BCRL development after mastectomy for unilat-
eral breast cancer.
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Statistical Analysis
Chi-squared or Fisher exact tests, when appropriate, 

and t tests were used to assess differences in categorical 
and continuous variables across the 2 cohorts, respec-
tively. For continuous variables, Shapiro–Wilk tests were 
performed to assure normality. Once normality was con-
firmed, 2-tailed independent sample t tests were used 
to quantitatively compare differences between groups. 
Multivariable logistic regressions were performed to cal-
culate adjusted odds ratios (ORs) for developing BCRL. 
Variable selection for multivariable models was based on 
clinical relevance, significance in univariate logistic regres-
sion analysis (P < 0.25), and avoidance of multicollinearity 
and overfitting. Through this process, covariates included 
age at BC diagnosis, BMI at diagnosis, number of lymph 
nodes removed, neoadjuvant chemotherapy, adjuvant che-
motherapy, adjuvant hormonal therapy, adjuvant RT, BC 
and HD laterality, and breast reconstruction. Goodness 
of fit was assessed using the Hosmer–Lemeshow test. As 
this was a retrospective study, our sample size was deter-
mined by available records. In response, we performed a 
post hoc power analysis to quantify this limitation. Due to 
the available records, our study had approximately 32% 
power to detect the observed effect size at a significance 
level of 0.05. Continuous variables were shown as mean 
± SD. P values less than 0.05 were considered statistically 
significant. All analyses were performed using Statistical 
Package for the Social Sciences software, version 29 (IBM, 
Armonk, NY).

RESULTS
A total of 266 patients met criteria for inclusion in the 

analysis. The mean overall patient age was 54.8 years with 
an average BMI of 28.5 kg/m2. The majority of patients 
were identified as White (96.6%) and never smokers 
(66.9%). The average follow-up time of data collection 
was 42.77 months after mastectomy. Demographic and 
comorbidity data are presented in Table 1. Patients in 
the BCRL cohort were found to be younger than those in 
the non-BCRL group (52.1 versus 55.7 y, P = 0.026), but 
there were no other significant differences in demo-
graphic characteristics and comorbidities between 
cohorts.

Treatment types, oncological characteristics, and 
perioperative information between the 2 cohorts are pre-
sented in Table 2. The majority of patients underwent 
SLNB at the time of mastectomy (68.8%), followed by 
ALND (30.1%) and no lymph node management (1.1%). 
On average, 8.5 lymph nodes were removed across all 
patients. Overall, more than half of patients (63.2%) 
underwent breast reconstruction, including immediate 
and delayed autologous, alloplastic, and combined types 
of reconstructions. A larger proportion of patients who 
developed BCRL underwent adjuvant chemotherapy 
(80.0% versus 44.9%, P < 0.001), RT (80.0% versus 
19.4%, P < 0.001), and hormonal therapy (94.3% versus 
75.0%, P < 0.001) compared with the non-BCRL popula-
tion. Furthermore, those within the BCRL cohort more 
commonly underwent ALND (74.3% versus 14.3%,  

Table 1. Demographics and Comorbidities
Variable Study Population (N = 266) BCRL (N = 70) Non-BCRL (N = 196) P

Age at BC diagnosis (y)* 54.8 ± 11.5 52.1 ± 11.2 55.7 ± 11.5 0.026
Race 0.826
 � White 257 (96.6%) 69 (98.6%) 188 (95.9%)
 � Black 7 (2.6%) 1 (1.4%) 6 (3.1%)
 � Other 2 (0.8%) 0 (0.0%) 2 (1.0%)
BMI (kg/m2)* 28.5 ± 6.0 29.0 ± 5.2 28.3 ± 6.2 0.418
Diabetes mellitus 21 (7.9%) 4 (5.7%) 17 (8.7%) 0.462
Tobacco use 0.321
 � Active use 39 (14.7%) 14 (20.0%) 25 (12.8%)
 � Former 49 (18.4%) 13 (18.6%) 36 (18.4%)
 � Never 178 (66.9%) 43 (61.4%) 135 (68.9%)
Reported as n (%). Bold indicates statistical significance (P < 0.05).
*Reported as mean ± SD.

Table 2. Oncological Characteristics
Variable Study Population (N = 266) BCRL (N = 70) Non-BCRL (N = 196) P

Neoadjuvant chemotherapy 54 (20.3%) 20 (28.6%) 34 (17.3%) 0.057
Adjuvant chemotherapy 144 (54.1%) 56 (80.0%) 88 (44.9%) <0.001
Adjuvant RT 94 (35.3%) 56 (80.0%) 38 (19.4%) <0.001
Adjuvant hormonal therapy 213 (80.1%) 66 (94.3%) 147 (75.0%) <0.001
Lymph node management <0.001
 � None 3 (1.1%) 0 (0.0%) 3 (1.5%)
 � SLNB 183 (68.8%) 18 (25.7%) 165 (84.2%)
 � ALND 80 (30.1%) 52 (74.3%) 28 (14.3%)
No. lymph nodes removed* 8.5 ± 8.6 15.8 ± 9.4 5.9 ± 6.7 <0.001
Breast reconstruction performed 168 (63.2%) 38 (54.3%) 130 (66.3%) 0.084
Reported as n (%). Bold indicates statistical significance (P < 0.05).
*Reported as mean ± SD.
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P < 0.001) and experienced a significantly higher num-
ber of lymph nodes removed (15.8 versus 5.9, P < 0.001). 
There was no difference in receipt of breast reconstruc-
tion between those who developed BCRL and those who 
did not.

Overall, 70 patients were diagnosed with BCRL 
(26.3%), among which a slight majority of patients 
(55.7%) experienced left-sided lymphedema. Across all 
patients, BC laterality was nearly equal (left, 49.6% versus 
right, 50.4%), with no difference between the BCRL and 
non-BCRL cohorts. Similarly, there was no difference in 
HD when compared across the presence or absence of 
BCRL. The majority of patients (89.8%) were right-hand 
dominant (Table 3).

Regarding the association of BCRL and HD, a greater 
proportion of patients with contralateral BC and HD 
developed BCRL (30.3%) compared with those with ipsi-
lateral BC and HD (22.4%), although this difference was 
not statistically significant (P = 0.129). (See table, 
Supplemental Digital Content 1, which displays the asso-
ciation of BCRL and HD, https://links.lww.com/PRSGO/
E450.) When stratified by lymph node management type, 
this relationship was not observed among those who 
received SLNB (9.6% versus 10.0%, P = 1.000). However, 
among patients who underwent ALND, the trend 
reemerged, with a greater proportion of patients with con-
tralateral BC and HD developing BCRL (68.1%) when 
compared with those with ipsilateral BC and HD (60.6%), 
although this difference also did not reach statistical sig-
nificance (P = 0.634) (Fig. 1).

Multivariable logistic regression (Table 4) evaluated 
predictors of developing BCRL, including age and BMI at 
BC diagnosis; number of lymph nodes removed; neoadju-
vant chemotherapy; adjuvant chemotherapy, RT, and hor-
monal therapy; BC and HD laterality; and breast 
reconstruction. Hosmer–Lemeshow goodness-of-fit test-
ing indicated adequate model fit (χ2 = 10.269, df = 8, P = 
0.247). The number of lymph nodes removed exhibited a 
significantly positive relationship with BCRL, with each 
lymph node removed increasing the odds of developing 
BCRL by 9.0% (OR, 1.090; P < 0.001). Furthermore, 
patients who received postoperative RT had 7.4 times 
higher odds of developing BCRL than those who did not 
(OR, 7.416; P < 0.001). No additional significant relation-
ships were noted, including BC and HD laterality (OR, 
1.465; P = 0.292).

DISCUSSION
BCRL occurs in approximately 20% of patients with 

BC, as a result of disruption of the lymphatic drainage of 
the upper extremity due to surgery, radiation, or other 
treatment modalities.11,34,35 Due to the known impact 
of BCRL on patient health, function, and psychosocial 
well-being, recent research and innovation efforts have 
focused on prevention and early intervention.6,8,9,36–39 
Identifying associated risk factors or protective mecha-
nisms is critical for this purpose.38–41 To our knowledge, 
this is the first study to investigate the role of HD on 
the development of BCRL, which would potentially 
improve patient counseling, and allow for development 
of preventative protocols before, during, and after BC 
treatments.

Previously established risk factors include ALND, RT, 
BMI, and history of infection.34,35,41–44 There is evidence 
that the number of removed lymph nodes correlates with 
the overall injury to the lymphatic system and is an inde-
pendent risk factor, which explains the increased inci-
dence of BCRL following ALND compared with SLNB.45 
The findings of our study demonstrated that the odds 
of developing BCRL increased by 9% per lymph node 
removed. These results are supported by Kilbreath et al,42 
who demonstrated that patients with 5 or more removed 
lymph nodes experienced BCRL at a significantly higher 
rate than those with less removed.34 When considering 
radiotherapy, Miller et al43 noted that of those who under-
went SLNB or ALND, or patients who received breast or 
chest wall RT experienced BCRL at a greater rate than 
those who did not. This is consistent with our study find-
ings that demonstrated 7.4 times higher odds of devel-
oping BCRL after receiving adjuvant RT. Although the 
impact of BMI and breast reconstruction on the devel-
opment of BCRL was not notable in the present study, 
there is some evidence supporting higher BMI and lack 
of breast reconstruction as independent risk factors for 
BCRL development.35,41,46–51 In contrast, there is discord 
in the current literature regarding the impact of age 
and chemotherapy—both neoadjuvant and adjuvant—in 
developing BCRL.34,41,52 The results of this study demon-
strate that both the number of removed lymph nodes and 
the delivery of postoperative RT represent significant pre-
dictors of developing BCRL, which aligns with the exist-
ing literature and reinforces well-known risk factors in 
the field.

Table 3. Lymphedema and Hand Dominance Characteristics
Variable Study Population (N = 266) BCRL (N = 70) Non-BCRL (N = 196) P

Lymphedema 70 (26.3%) 70 (100%) 0 (0.0%) —
Lymphedema laterality
 � Right 31 (11.7%) 31 (44.3%) 0 (0.0%) —
 � Left 39 (14.7%) 39 (55.7%) 0 (0.0%)
BC laterality 0.164
 � Right 134 (50.4%) 30 (42.9%) 104 (53.1%)
 � Left 132 (49.6%) 40 (57.1%) 92 (46.9%)
HD 0.656
 � Right 239 (89.8%) 64 (91.4%) 175 (89.3%)
 � Left 27 (10.2%) 6 (8.6%) 21 (10.7%)
Reported as n (%). Bold indicates statistical significance (P < 0.05).
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In the present study, we theorized that HD ipsilateral 
to the site of surgical BC intervention may function as a 
protective factor against developing BCRL. This hypoth-
esis was based on the concept that the dominant limb 
is used more often and has greater baseline strength, 
which would result in an increase in the extrinsic pump 

mechanism and, therefore, an increase in lymphatic 
drainage. Cyclic compression and expansion of the 
lymphatics by contraction of skeletal muscle and sur-
rounding tissues play a role in enhancing lymph flow, 
potentially reducing the risk of fluid accumulation.12,14–16 
This theory is further supported by several studies that 
have demonstrated that specialized exercise protocols 
may decrease the risk of developing BCRL after BC 
treatment or may at least delay its development.12,17–26 We 
hypothesized that these mechanisms may serve as a pro-
tective factor both preoperatively, and postoperatively, 
due to the increased use of the dominant limb before 
and after surgery.

This principle also aligns with the basis of CDT, which 
serves as the standard of care in lymphedema manage-
ment.10,12,18,20,53,54 CDT combines multiple therapeutic 
modalities, consisting of manual lymphatic drainage, com-
pression bandaging, skin care, and physical therapy, which 
promote lymphatic fluid mobilization through structured 
movement and supervised exercise, effectively mitigating 
lymphedema severity.10,13,54 Previous studies have reported 
that exercise, through an increase in blood pressure and 
cardiac output, causes an improved capillary filtration, 
therefore increasing interstitial pressure, promoting 
fluid entry into lymphatic vessels, and mobilizing lymph, 
whereas others have demonstrated that regular exercise 
stimulates lymphangiogenesis to create new collateral 
pathways to restore outflow.7,55–59

As the role of immediate lymphatic reconstruction 
(ILR) at the time of axillary lymphadenectomy evolves, 
identification of factors that place patients at elevated 
risk of BCRL is paramount to determine the appropriate 
candidates.6,8,9,36,37,60 If patients were determined to be at 
increased risk of BCRL due to their handedness in addition 

Fig. 1. A graph showing comparison of BCRL development among those with ipsilateral BC and HD and 
those with contralateral BC and HD.

Table 4. Patient Factors Associated With Breast Cancer–
related Lymphedema Development in a Multivariable 
Logistic Regression

Variable
OR of BCRL Develop-

ment (95% CI) P

Age at BC diagnosis 0.978 (0.942–1.012) 0.202
BMI at BC diagnosis 1.024 (0.960–1.092) 0.474
No. LN removed 1.090 (1.037–1.146) <0.001
Neoadjuvant chemotherapy
 � No 1 —
 � Yes 0.849 (0.357–2.019) 0.712
Adjuvant chemotherapy
 � No 1 —
 � Yes 1.032 (0.428–2.488) 0.943
Adjuvant RT
 � No 1 —
 � Yes 7.416 (3.185–17.270) <0.001
Adjuvant hormonal therapy
 � No 1 —
 � Yes 2.872 (0.781–10.563) 0.112
BC/HD laterality
 � Ipsilateral BC/HD 1 —
 � Contralateral BC/HD 1.465 (0.720–2.981) 0.292
Reconstruction performed
 � No 1 —
 � Yes 0.996 (0.453–2.192) 0.992
Bold indicates statistical significance (P < 0.05).
CI, confidence interval; LN, lymph node.
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to other factors, this may warrant further consideration. 
Our institution began offering ILR to all patients undergo-
ing complete axillary lymphadenectomy after the current 
study period, with no patients who underwent ILR included 
in this study. If HD was demonstrated to play a pivotal role 
in the development of BCRL, the possibility of extending 
ILR indications to patients undergoing targeted axillary dis-
section or SLNB could be considered in addition to other 
risk reduction strategies, as previously discussed.

Despite the physiological rationale supporting this 
theory, our results demonstrated no statistically significant 
difference between ipsilateral BC and HD, and contralat-
eral BC and HD in predicting BCRL. However, of those 
with contralateral BC and HD, a greater proportion of 
patients developed BCRL among the overall study popula-
tion (30.3% versus 22.4%) and among those that under-
went ALND (68.1% versus 60.6%), suggesting a trend 
consistent with our hypothesis (Fig. 1). One potential 
explanation is our small sample size, which could be insuf-
ficient to detect a true effect. Conversely, if our hypothesis 
is incorrect and HD does not influence the development 
of BCRL, this may highlight the pivotal role of lymphatic 
anatomy disruption with BC treatments. The number of 
damaged lymphatic channels due to lymph node dissec-
tion, radiation, and other interventions may outweigh 
any compensatory benefit of increased muscle activity. 
Multiple previous studies have suggested that this may not 
be accurate, because intentional exercise protocols and 
weight training have been described as potential protec-
tive factors for BCRL.12,17–26 Perhaps, lymphatic collater-
alization and lymph fluid mobilization promoted by the 
inherently increased muscle activity of increased domi-
nant limb use may be too variable, slow, or ineffective to 
overcome the injury and obstruction of the extremity lym-
phatic drainage pathways when compared with intentional 
exercise and weight-training programs. Additionally,  
patients without prescribed exercise or therapy regimens 
may also demonstrate a form of limb protection in the 
postoperative period that nullifies the benefits of the 
theoretical increased limb use due to dominance, caus-
ing them to avoid using that limb or use their nondomi-
nant limb more often for completion of daily activities. 
Quantification of dominant and nondominant limb use 
pre- and postoperatively may allow for further elucida-
tion of this relationship. This potential barrier could be 
overcome with interventions such as preoperative coun-
seling and education, preoperative and postoperative 
physical therapy sessions, and prescribed exercise or weight- 
training protocols, as described in previous literature.

Our study was inherently limited due to its retrospective 
nature and single-institution access, leading to a limited 
number of included patients. Due to the available records, 
our study had approximately 32% power to detect the 
observed effect size at a significance level of 0.05, resulting 
in an increased risk of type II error due to limited power. 
Additionally, HD was largely self-reported, introducing sub-
jectivity and definitive ambiguity. Lastly, as previously men-
tioned, regardless of handedness, patients may inherently 
restrict postoperative use of the limb on the surgical side 
due to pain or discomfort. In this study, we were unable to 

quantify extremity use pre- and postoperatively. As a result, 
our methodology and analysis relied on the assumption 
that patients typically use their dominant limb more fre-
quently than their nondominant limb. Future studies with 
larger sample size and control of potential confounding 
factors would be valuable to further investigate the role of 
handedness on the development of BCRL.

CONCLUSIONS
Current research and innovation continue to target pre-

ventative or early treatment approaches to avoid or alleviate 
the burden of BCRL. This is the first study to examine the 
role of handedness in developing BCRL. After mastectomy, 
a greater proportion of patients with contralateral HD and 
BC laterality developed lymphedema, although this was not 
statistically significant. This trend was also noted among 
those who underwent ALND. An increased number of 
lymph nodes removed and the receipt of adjuvant RT were 
identified as independent risk factors for developing BCRL, 
supporting existing literature. Further studies are warranted 
with larger sample size, multi-institutional collaboration, 
and quantification of extremity use, as this area represents a 
potential opportunity for improved patient counseling and 
prophylactic interventions in the setting of BCRL.

Stefanos Boukovalas, MD
Division of Plastic and Reconstructive  

Surgery, Department of Surgery
University of Tennessee Health Science Center College of 

Medicine1934 Alcoa Highway
Building D, Suite 362
Knoxville, TN 37920

E-mail: sboukovalas@utmck.edu

DISCLOSURE
The authors have no financial interest to declare in relation to 

the content of this article.

REFERENCES
	 1.	 Anderson WF, Katki HA, Rosenberg PS. Incidence of breast can-

cer in the United States: current and future trends. J Natl Cancer 
Inst. 2011;103:1397–1402. 

	 2.	 DeSantis CE, Ma J, Gaudet MM, et al. Breast cancer statistics, 
2019. CA Cancer J Clin. 2019;69:438–451. 

	 3.	 Giaquinto AN, Sung H, Miller KD, et al. Breast cancer statistics, 
2022. CA Cancer J Clin. 2022;72:524–541. 

	 4.	 Caswell-Jin JL, Sun LP, Munoz D, et al. Analysis of breast cancer 
mortality in the US—1975 to 2019. JAMA. 2024;331:233–241. 

	 5.	 Finnane A, Janda M, Hayes SC. Review of the evidence of lymph-
edema treatment effect. Am J Phys Med Rehabil. 2015;94:483–498. 

	 6.	 Donahue PMC, MacKenzie A, Filipovic A, et al. Advances in the 
prevention and treatment of breast cancer-related lymphedema. 
Breast Cancer Res Treat. 2023;200:1–14. 

	 7.	 Schaverien M, Badash I, Patel K, et al. Vascularized lymph node 
transfer for lymphedema. Semin Plast Surg. 2018;32:28–35. 

	 8.	 Chiang SN, Skolnick GB, Westman AM, et al. National outcomes 
of prophylactic lymphovenous bypass during axillary lymph 
node dissection. J Reconstr Microsurg. 2022;38:613–620. 

	 9.	 Deldar R, Spoer D, Gupta N, et al. Prophylactic lymphovenous 
bypass at the time of axillary lymph node dissection decreases 
rates of lymphedema. Ann Surg Open. 2023;4:e278. 



 Clegg et al • Hand Dominance and Lymphedema

7

	10.	 Lasinski BB, Thrift KM, Squire D, et al. A systematic review of the 
evidence for complete decongestive therapy in the treatment of 
lymphedema from 2004 to 2011. PM R. 2012;4:580–601. 

	11.	 Morrell RM, Halyard MY, Schild SE, et al. Breast cancer-related 
lymphedema. Mayo Clin Proc. 2005;80:1480–1484. 

	12.	 Zimmermann A, Wozniewski M, Szklarska A, et al. Efficacy of 
manual lymphatic drainage in preventing secondary lymph-
edema after breast cancer surgery. Lymphology. 2012;45:103–112.

	13.	 Lasinski BB. Complete decongestive therapy for treatment of 
lymphedema. Semin Oncol Nurs. 2013;29:20–27. 

	14.	 Zawieja DC. Contractile physiology of lymphatics. Lymphat Res 
Biol. 2009;7:87–96. 

	15.	 Havas E, Parviainen T, Vuorela J, et al. Lymph flow dynamics in 
exercising human skeletal muscle as detected by scintography. J 
Physiol. 1997;504:233–239. 

	16.	 Ji RC. Recent advances and new insights into muscular lymphan-
giogenesis in health and disease. Life Sci. 2018;211:261–269. 

	17.	 Shaw C, Mortimer P, Judd PA. A randomized controlled trial of 
weight reduction as a treatment for breast cancer‐related lymph-
edema. Cancer. 2007;110:1868–1874. 

	18.	 Zhang L, Fan A, Yan J, et al. Combining manual lymph drain-
age with physical exercise after modified radical mastectomy 
effectively prevents upper limb lymphedema. Lymphat Res Biol. 
2016;14:104–108. 

	19.	 Baumann FT, Reike A, Hallek M, et al. Does exercise have a 
preventive effect on secondary lymphedema in breast cancer 
patients following local treatment?—a systematic review. Breast 
Care (Basel). 2018;13:380–385. 

	20.	 Devoogdt N, Christiaens MR, Geraerts I, et al. Effect of manual 
lymph drainage in addition to guidelines and exercise therapy 
on arm lymphoedema related to breast cancer: randomised con-
trolled trial. BMJ. 2011;343:d5326–d5326. 

	21.	 Cavanaugh KM. Effects of early exercise on the development of 
lymphedema in patients with breast cancer treated with axillary 
lymph node dissection. J Oncol Pract. 2011;7:89–93. 

	22.	 Bicego D, Brown K, Ruddick M, et al. Exercise for women with 
or at risk for breast cancer–related lymphedema. Phys Ther. 
2006;86:1398–1405. 

	23.	 Sagen A, Kåresen R, Risberg MA. Physical activity for the affected 
limb and arm lymphedema after breast cancer surgery. A pro-
spective, randomized controlled trial with two years follow-up. 
Acta Oncol. 2009;48:1102–1110. 

	24.	 Ahmed RL, Thomas W, Yee D, et al. Randomized controlled trial 
of weight training and lymphedema in breast cancer survivors. J 
Clin Oncol. 2006;24:2765–2772. 

	25.	 De Rezende LF, Franco RL, De Rezende MF, et al. Two exercise 
schemes in postoperative breast cancer: comparison of effects 
on shoulder movement and lymphatic disturbance. Tumori. 
2006;92:55–61. 

	26.	 Schmitz KH, Ahmed RL, Troxel AB, et al. Weight lifting for 
women at risk for breast cancer–related lymphedema: a random-
ized trial. JAMA. 2010;304:2699–2705. 

	27.	 Raymond M, Pontier D, Dufour AB, et al. Frequency-dependent 
maintenance of left handedness in humans. Proc Biol Sci. 
1996;263:1627–1633. 

	28.	 Larsson M, Schepman A, Rodway P. Why are most humans 
right-handed? The modified fighting hypothesis. Symmetry. 
2023;15:940. 

	29.	 Petersen P, Petrick M, Connor H, et al. Grip strength and 
hand dominance: challenging the 10% rule. Am J Occup Ther. 
1989;43:444–447. 

	30.	 Bohannon RW. Grip strength: a summary of studies comparing 
dominant and nondominant limb measurements. Percept Mot 
Skills. 2003;96:728–730. 

	31.	 Coley B, Jolles BM, Farron A, et al. Estimating dominant upper-
limb segments during daily activity. Gait Posture. 2008;27:368–375. 

	32.	 Harris PA, Taylor R, Thielke R, et al. Research electronic data 
capture (REDCap)—a metadata-driven methodology and work-
flow process for providing translational research informatics sup-
port. J Biomed Inform. 2009;42:377–381. 

	33.	 Harris PA, Taylor R, Minor BL, et al; REDCap Consortium. The 
REDCap consortium: building an international community of 
software platform partners. J Biomed Inform. 2019;95:103208. 

	34.	 Gillespie TC, Sayegh HE, Brunelle CL, et al. Breast cancer-
related lymphedema: risk factors, precautionary measures, and 
treatments. Gland Surg. 2018;7:379–403. 

	35.	 DiSipio T, Rye S, Newman B, et al. Incidence of unilateral arm 
lymphoedema after breast cancer: a systematic review and meta-
analysis. Lancet Oncol. 2013;14:500–515. 

	36.	 Basta MN, Gao LL, Wu LC. Operative treatment of peripheral 
lymphedema: a systematic meta-analysis of the efficacy and safety 
of lymphovenous microsurgery and tissue transplantation. Plast 
Reconstr Surg. 2014;133:905–913. 

	37.	 Levy AS, Murphy AI, Ishtihar S, et al. Lymphatic microsurgical 
preventive healing approach for the primary prevention of lymph-
edema: a 4-year follow-up. Plast Reconstr Surg. 2023;151:413–420. 

	38.	 Deo SVS, Ray S, Rath GK, et al. Prevalence and risk factors for 
development of lymphedema following breast cancer treatment. 
Indian J Cancer. 2004;41:8–12.

	39.	 Ahmed RL, Schmitz KH, Prizment AE, et al. Risk factors for 
lymphedema in breast cancer survivors, the Iowa Women’s 
Health Study. Breast Cancer Res Treat. 2011;130:981–991. 

	40.	 Kwan ML, Darbinian J, Schmitz KH, et al. Risk factors for lymph-
edema in a prospective breast cancer survivorship study: the 
Pathways Study. Arch Surg. 2010;145:1055–1063. 

	41.	 Clegg DJ, Whiteaker EN, Salomon BJ, et al. The development of 
breast cancer-related lymphedema after mastectomy in a rural 
population. Am Surg. 2023;89:3591–3593. 

	42.	 Kilbreath SL, Refshauge KM, Beith JM, et al. Risk factors for 
lymphoedema in women with breast cancer: a large prospective 
cohort. Breast. 2016;28:29–36. 

	43.	 Miller CL, Specht MC, Skolny MN, et al. Risk of lymphedema after 
mastectomy: potential benefit of applying ACOSOG Z0011 protocol 
to mastectomy patients. Breast Cancer Res Treat. 2014;144:71–77. 

	44.	 Ferguson CM, Swaroop MN, Horick N, et al. Impact of ipsilateral 
blood draws, injections, blood pressure measurements, and air 
travel on the risk of lymphedema for patients treated for breast 
cancer. J Clin Oncol. 2016;34:691–698. 

	45.	 Kim M, Kim SW, Lee SU, et al. A model to estimate the risk of 
breast cancer-related lymphedema: combinations of treatment-
related factors of the number of dissected axillary nodes, adju-
vant chemotherapy, and radiation therapy. Int J Radiat Oncol Biol 
Phys. 2013;86:498–503. 

	46.	 Fu M, Axelrod D, Guth A, et al. Patterns of obesity and lymph 
fluid level during the first year of breast cancer treatment: a pro-
spective study. J Pers Med. 2015;5:326–340. 

	47.	 Jiang Q, Hu H, Liao J, et al. Body mass index and breast cancer‐
related lymphedema: a retrospective cohort study. J Surg Oncol. 
2025;131:587–597. 

	48.	 Jammallo LS, Miller CL, Singer M, et al. Impact of body mass 
index and weight fluctuation on lymphedema risk in patients 
treated for breast cancer. Breast Cancer Res Treat. 2013;142:59–67. 

	49.	 Jeon HB, Jung JH, Im SH, et al. Association between immediate 
breast reconstruction and the development of breast cancer–
related lymphedema. Plast Reconstr Surg. 2023;151:214e–222e. 

	50.	 Siotos C, Sebai ME, Wan EL, et al. Breast reconstruction and risk 
of arm lymphedema development: a meta-analysis. J Plast Reconstr 
Aesthet Surg. 2018;71:807–818. 

	51.	 Miller CL, Colwell AS, Horick N, et al. Immediate implant recon-
struction is associated with a reduced risk of lymphedema com-
pared to mastectomy alone: a prospective cohort study. Ann Surg. 
2016;263:399–405. 



PRS Global Open • 2025

8

	52.	 Guliyeva G, Huayllani MT, Boczar D, et al. Age as a risk factor for 
breast cancer-related lymphedema: a systematic review. J Cancer 
Surviv. 2023;17:246–253. 

	53.	 Thompson B, Gaitatzis K, Janse de Jonge X, et al. Manual lym-
phatic drainage treatment for lymphedema: a systematic review 
of the literature. J Cancer Surviv. 2021;15:244–258. 

	54.	 Shamoun S, Ahmad M. Complete decongestive therapy effect 
on breast cancer related to lymphedema: a systemic review and 
meta-analysis of randomized controlled trials. Asian Pac J Cancer 
Prev. 2023;24:2225–2238. 

	55.	 Park HS, Song Y, Lee JH, et al. The role of exercise in promot-
ing lymphangiogenesis and extracellular matrix synthesis in  
lymphedema-induced tissue injury. Mol Biol Rep. 2025;52:50. 

	56.	 Devoogdt N, Van Den Wyngaert T, Bourgeois P, et al. 
Reproducibility of lymphoscintigraphic evaluation of the upper 
limb. Lymphat Res Biol. 2014;12:175–184. 

	57.	 Oliveira MMF, Gurgel MSC, Amorim BJ, et al. Long term effects 
of manual lymphatic drainage and active exercises on physical 
morbidities, lymphoscintigraphy parameters and lymphedema 
formation in patients operated due to breast cancer: a clinical 
trial. PLoS One. 2018;13:e0189176. 

	58.	 Lane KN, Dolan LB, Worsley D, et al. Upper extremity lymphatic 
function at rest and during exercise in breast cancer survivors 
with and without lymphedema compared with healthy controls. J 
Appl Physiol (1985). 2007;103:917–925. 

	59.	 Modi S, Stanton AWB, Svensson WE, et al. Human lymphatic pump-
ing measured in healthy and lymphoedematous arms by lymphatic 
congestion lymphoscintigraphy. J Physiol. 2007;583:271–285. 

	60.	 Coriddi M, Dayan J, Bloomfield E, et al. Efficacy of immediate 
lymphatic reconstruction to decrease incidence of breast cancer-
related lymphedema: preliminary results of randomized con-
trolled trial. Ann Surg. 2023;278:630–637. 


	The Association of Hand Dominance With the Development of Breast Cancer–related Lymphedema After Mastectomy: A Retrospective Analysi
	PATIENTS AND METHODS
	Study Design
	Statistical Analysis

	RESULTS
	DISCUSSION
	CONCLUSIONS
	REFERENCES




