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B MAIN POINTS

The study found that lymphedema
after breast cancer treatment leads
to a notable reduction in shoulder
flexion and extension strength, as
well as range of motion.

Elbow flexion muscle strength was
also significantly reduced in the af-
fected arm.

No significant differences were
found in elbow extension, wrist
flexion and extension strength, or
the ROM of the elbow and wrist
joints.

The study's findings can assist clin-
icians in creating targeted reha-
bilitation programs that focus on
restoring strength and mobility in
the areas most impacted by lym-
phedema.

B ABSTRACT

Aim: The objective of this study was to examine the impact of lymphedema on the mus-
cle strength and range of motion of the upper extremities in breast cancer patients with lym-
phedema.

Materials and Methods: Thirty-one female breast cancer survivors with lymphedema were eval-
uated in this cross-sectional study. The measurement of shoulder, elbow, and wrist flexion and
extension strength was conducted using a hand-held dynamometer on both affected and unaf-
fected upper extremities. Subsequently, a digital goniometer was utilized to assess the range
of motion in both the affected and unaffected upper extremities.

Results: A median age of 61 years (with an interquartile range of 55 to 69 years) was reported for
the patients, and dominant right upper extremity was noted for all. The study revealed that the
affected extremity exhibited reduced shoulder flexion and extension muscle strength and range
of motion, and decreased elbow flexion muscle strength when compared to the unaffected upper
extremity (p<0.05). However, a lack of statistical significance was observed in the comparison
of elbow extension, wrist flexion and extension strength, and elbow and wrist joint range of
motion between the two extremities (p>0.05).

Conclusion: In cancer-associated lymphedema, limitations in muscle strength and range of mo-
tion are primarily localized to the shoulder region. These findings may serve as a guide for
clinicians in the development of targeted rehabilitation interventions, with the aim of restoring
mobility and strength in the areas most affected by lymphedema.
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EINTRODUCTION

A significant increase in the burden of breast cancer has been
detected in middle- and low-income countries, particularly
over the last three decades, due to differences in access to
health resources [1]. About 20% of patients with breast can-
cer develop lymphedema, which can be caused by obstruction
or disruption in the lymphatic system resulting from cancer
treatment [2]. Lymphedema causes swelling of an extrem-
ity due to excessive accumulation of a protein-rich fluid [3].
Symptoms include pain, a sense of heaviness, and impaired
motor abilities, daily functioning, and quality of life [4,5].
Women undergoing breast cancer treatment are prone to de-

veloping upper extremity muscle weakness and range of mo-
tion (ROM) limitations, even in the absence of lymphedema
[6,7]. These impairments are underpinned by physiological
factors such as nerve damage from surgery, fibrotic tissue for-
mation from radiation therapy, and muscle ischemia, as well
as behavioral factors such as kinesiophobia, where patients
avoid using the affected arm out of fear of worsening lym-
phedema [8-11].

The majority of studies that have focused on upper extremity
function in cases of breast cancer-related lymphedema have
concentrated on the measurement of shoulder girth or the as-
sessment of hand grip strength. However, existing literature
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is either contradictory or deficient in its specific discussion
of changes in muscle strength and range of motion (ROM)
in more distal joints, including the elbow and wrist. For
instance, some studies have identified a correlation between
weakness in grip strength and lymphedematous extremities
[12], while others have found no significant difference in hand
grip strength or dexterity between affected and unaffected
sides in lymphedema patients [13,14]. This finding indicates
that the functionality of distal joints may be partially pre-
served, irrespective of the presence of lymphedema or through
patients’ adaptations to daily activities.

Given these variability in the existing literature and the lack
of objective assessments focusing on specific joints, it is cru-
cial to comprehensively examine flexion and extension muscle
strength and ROM in the shoulder, elbow, and wrist joints in
patients with breast cancer-associated lymphedema. By com-
paring these parameters between lymphedematous and non-
lymphedematous arms, this study aims to further elucidate
the specific effects of lymphedema on different regions of the
upper extremity, thereby contributing scientifically to the de-
velopment of rehabilitation strategies.

B MATERIALS AND METHODS
Study design

This cross-sectional study was conducted in Trakya Univer-
sity Faculty of Medicine, Physical Therapy and Rehabilita-
tion Outpatient Clinic Lymphedema Unit between Septem-
ber 2021 and September 2022 with the approval of Trakya
University Faculty of Medicine Scientific Research Ethics
Committee dated 14.06.2021 with protocol number TUTF-
BAEK 2021/277 and designed in compliance with the 2008
Declaration of Helsinki. All participants in the study have
provided written consent.

Participants

The sample size of the study was determined as 34 patients,
using an effect size of 0.496, an error rate of 5%, and a power
value of 80%, based on the hand grip strength values of lym-
phedema patients in the study conducted by Erdoganoglu et
al. [15]. However, only 33 patients were evaluated for eligibil-
ity. Women aged 18-75 years with unilateral upper extremity
lymphedema associated with breast cancer were included. Pa-
tients had to have completed radiotherapy and chemotherapy
for breast cancer at least 6 weeks prior and surgical treatment
atleast 3 months prior. Exclusion criteria were bilateral breast
cancer or lymphedema, metastatic or recurrent breast cancer,
acute upper extremity infection, or neuromusculoskeletal dis-
ease affecting upper extremity tests. After excluding two pa-
tients who failed to meet the specified inclusion criteria, the
study sample comprised a total of 31 patients.

Assessments

Patients diagnosed with unilateral upper extremity lym-
phedema were asked to provide information regarding their
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age, height, body weight, marital status, educational level,
and employment status. The body mass index (BMI) was
computed as the weight (kg) divided by the height (m)
squared. Weight categories : underweight (BMI < 18.5);
normal (18.5-24.99); overweight (25-29.99); class 1 obesity
(30-34.99); class 2 obesity (35-39.99); and class 3 obesity
(40 and above) [16]. Patients were queried about their re-
ceipt of chemotherapy and/or radiotherapy. The Visual Ana-
log Scale (VAS) was used to evaluate the average degree of pain
in the affected arm over the past week [17]. The International
Physical Activity Questionnaire (Short Form) was given to as-
sess physical activity levels [18]. The Edinburgh hand prefer-
ence questionnaire was used to determine the dominant up-
per extremities [19]. Upper extremity circumference, mus-
cle strength, and range of motion measurements were per-
formed using validated and reliable methods by a single eval-
uator [20-22]. The measurement of the patient’s upper limb
circumference was taken in a supine position with both arms
at their sides, using a tape measure. The measurements were
obtained at the level of the first and fifth metacarpophalangeal
joints, followed by the measurement of 4-centimeter intervals
along the limb, commencing at the ulnar styloid process [20].
The lymphedema staging was carried out based on the Inter-
national Society of Lymphology (ISL) staging system [23].
Muscle strength was assessed in the subjects using a hand-held
dynamometer (HHD) (Lafayette Instrument, USA). They
were asked to take standard positions and apply resistance
against the dynamometer. They were given a trial application,
then instructed to reach maximum contraction with the ini-
tial warning signal and maintain it until the subsequent sig-
nal. The measurement was repeated after a one-minute in-
terval, and the higher value was documented. The strength
of the muscles on both sides of the body was measured with
the patient lying supine on a stretcher. The HHD was posi-
tioned posterior to the forearm, with the shoulder in 90° flex-
ion, the elbow and wrist in a neutral position, and the forearm
in pronation to assess the strength of the shoulder flexor mus-
cles. The HHD was positioned anterior to the forearm, with
the shoulder in 90° flexion, the elbow and wrist in a neutral
position, the forearm pronated to assess the strength of the
shoulder extensor muscles. To evaluate the strength of the el-
bow flexor muscles, the HHD was placed on the anterior as-
pect of the forearm, with the shoulder and wrist at 0°, elbow in
90° flexion, and forearm supinated. To measure the strength
of the elbow extensor muscles, the HHD was placed poste-
rior to the forearm, with the shoulder and wrist at 0°, elbow
at 90° flexion, forearm supinated. To evaluate the strength
of the wrist flexor muscles, the HHD was placed anterior to
the carpal surface, with the shoulder in 30° abduction, the el-
bow and wrist in 0°, the forearm supinated, the wrist outside
the stretcher. To measure the strength of the wrist extensor
muscles, the HHD was placed posterior to the carpal surface,
with the shoulder in 30° abduction, the elbow and wrist in 0°
flexion, the forearm in pronation, the wrist extending beyond
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the stretcher (Figure 1) [21, 24, 25]. The digital goniometer
(Baseline Absolute+ Axis, Newyork,USA) was utilized to de-
termine the ROM:s of shoulder flexion, shoulder extension,
elbow flexion, elbow extension, and wrist flexion and wrist ex-
tension of both upper extremities [22, 26].

Sensitivity analysis

To evaluate the robustness of the findings given the modest
shortfall in sample size (31 instead of 34 patients), a leave-
one-out sensitivity analysis was performed for all paired out-
comes. Each Wilcoxon signed-rank test was repeated after se-
quentially excluding one participant at a time, and the result-
ing range of p-values was recorded.

Statistical analysis

The study’s data were processed using Statistical Software
Package for Social Sciences (SPSS) for Windows, version 20.0
(license number 10240642). Continuous variables were ex-
pressed as mean + standard deviation and median (IQR 25-
75), while categorical variables were expressed as number and
percentage. In statistical evaluations, the conformity of the
data to normal distribution was evaluated by one sample Kol-
mogorov Smirnov test. Wilcoxon signed rank test was used
to compare affected and unaffected upper extremity muscle
strength and ROM:s of the participants. Any p<0.05 was con-
sidered as statistical significance.

B RESULTS

This study included 31 female patients, aged 55 to 69, with
unilateral upper extremity lymphedema. Among these par-
ticipants, 77% were overweight or obese, and 93% were mini-
mally active or physically inactive. The dominant arm for all
patients was the right, while the lymphedema-aftected extrem-
ity was the non-dominant arm in 71% of cases. The majority
of patients presented with stage 1 lymphedema, followed by
stage 2 and stage 3. Patient demographics and clinical charac-
teristics are detailed in Table 1.

A comparison of muscle strength between the affected and
unaffected upper extremities revealed statistically significant
deficits in the affected arm for shoulder flexion, shoulder
extension, and elbow flexion (Table 2). Sensitivity analy-
ses confirmed the robustness of these findings; leave-one-
out p-value ranges remained below 0.05 for shoulder flex-
ion (<.001-.002), shoulder extension (.009-.051), and elbow
flexion (.005-.031). No significant differences were observed
for elbow extension or wrist flexion and extension, and sensi-
tivity analyses confirmed the stability of these null results.

The range of motion of the affected and unaffected extrem-
ities is compared in Table 3. Shoulder flexion and exten-
sion were significantly reduced on the affected side (p = .008
and p = .035, respectively). Sensitivity analyses confirmed
these findings were robust (p-value ranges of .001-.013 and
.009-.059, respectively). No significant differences were ob-
served for elbow or wrist ROMs, and these null findings were
again supported by the sensitivity results.
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B DISCUSSION

Among individuals with unilateral lymphedema following
breast surgery, this study identified decreased muscle strength
in shoulder flexion, shoulder extension, and elbow flexion, as
well as reduced ROM in shoulder flexion and extension in
the affected extremity compared to the unaffected one. How-
ever, no significant differences were found in elbow extension
strength, wrist flexion/extension strength, or elbow and wrist
joint ROM:s between the two extremities. These findings are
consistent with some reports in the literature but contradict
others.

Arm weakness is a commonly reported complication, affect-
ing 23-28% of patients after breast surgery [27, 28]. It is well-
established that women undergoing treatment for breast can-
cer are susceptible to developing muscle weakness and im-
paired mobility, even without lymphedema [6, 7]. In a 5-
year follow-up, Belmonte et al. [7] found that breast can-
cer patients who underwent axillary lymph node dissection—
a procedure associated with a higher lymphedema incidence
than sentinel lymph node biopsy—experienced significant
strength loss in the internal rotators of the affected shoulder.
This muscle weakness can be attributed to several factors, in-
cluding nerve damage during axillary dissection, radiation-
induced fibrosis, and sensory impairment [8-10]. Further-
more, scapular rhythm disturbances and the overworking of
compensatory muscles can negatively affect muscle strength
and endurance [9]. Consistent with our findings, previous
studies have also noted decreased strength in shoulder abduc-
tion, adduction, external rotation, and trapezius muscles [6],
as well as in shoulder internal and external rotation [9], in
women with lymphedema.

A notable finding from our study, which aligns with existing
literature, is the decreased elbow flexor strength in the lym-
phedematous limb. Smoot et al. [14] similarly reported re-
duced elbow flexor strength on the affected side in women
with lymphedema, who also experienced significant difficulty
carrying objects heavier than 4.5 kg. These findings suggest
that lymphedema is not merely a volumetric issue but one that
directly impairs upper extremity muscle function. The de-
velopment of muscle strength deficits after breast surgery is
multifactorial and not solely determined by lymphedema vol-
ume. Lee et al. [11] proposed that weakness in the affected
arm may not be a direct result of the disease itself but rather
from a reluctance to use the arm due to a fear of movement,
a phenomenon known as kinesiophobia. This fear can trig-
ger "use-avoidance” behaviors, leading to muscle atrophy and
functional decline. Therefore, all patients with lymphedema
post-breast surgery should undergo a comprehensive evalua-
tion of upper extremity muscle strength and function. Mul-
tidisciplinary interventions, including specialized rehabilita-
tion with resistance exercises, are crucial for managing the
condition and have been shown to improve functional capac-
ity and quality of life [29].

In contrast to some reports, our finding that wrist flexion and
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Table 1. Demographic and clinical characteristics of the patients.

Variables All cases (n=31)
AGe. Vears Mean (SD) 60.81 (9.46)
9.y Median (IQR) 61 (55-69)

. Mean (SD) 158.06 (4.75)
Height, cm Median (IQR) 156 (155-161)
. Mean (SD) 79 (17.15)
Body weight, kg Median (IQR) 79 (67-88)
Mean (SD) 31.70 (7.31)
2

BMI, kg/m Median (IQR) 31.25 (25.20-35.15)
Weight status category n (%)

Underweight 0

Normal 7(22.6)

Overweight 6 (19.4)

Class 1 obesity 10 (32.3)

Class 2 obesity 4(12.9)

Class 3 obesity 4(12.9)
Marital status n (%)

Married 27 (87.1)

Single 1(3.2

Widowed 3(9.7)
Educational Level n (%)

llliterate 1(3.2)

Primary School 15(48.4)

Middle School 6 (19.4)

High School 6 (19.4)

Undergraduate 3(9.7)
Employment Status n (%)

Housewife 23 (74.2)

Retired 5(16.1)

Employed 3(9.7)
History of receiving chemotherapy and/or radiotherapy n (%)

None 1(3)

Chemotherapy 4(13)

Chemotherapy and radiotherapy 26 (84)

) Mean (SD) 2.45 (3.02)

VAS (1-10) Median (IQR) 1(0-4)

. . - Mean (SD) 1349.27 (1995.35)
Physical activity level (MET-min/week) Median (IQR) 693 (396-1386)
Physical activity category n (%)

Low 12 (38.7)

Moderate 17 (54.8)

High 2 (6.5)
Distribution of lymphedema according to upper extremity dominance n (%)

Lymphedema in the dominant upper extremity 9(29)

Lymphedema in the non-dominant upper extremity 22 (71)
Lymphedema Stage n (%)

Stage 1 12 (38.7)

Stage 2 11 (35.5)

Stage 3 8(25.8)

BMI: body mass index , MET: metabolic equivalent of task, VAS: visual analogue scale.

extension strength in the lymphedematous extremity was sim-
ilar to the unaffected side offers a more nuanced view of up-
per extremity weakness. Smoot et al. [14] found a decline in
wrist flexion strength in the affected arm, and Baklact et al.
[12] demonstrated that hand grip strength was diminished in
the lymphedematous arm, even after complete decongestive

therapy. However, the latter study also noted that changes
in hand grip strength can occur regardless of surgery type or
the presence of lymphedema [12]. Supporting our results, a
study by Civelek [13] revealed no statistically significant dif-
ference in hand grip strength or function between the affected
and unaffected sides of patients with lymphedema. This sug-
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Table 2. Comparison of affected and unaffected upper extremity flexion and extension muscle strengths.

Affected upper extremity Unaffected upper extremity Sensitivity
Mean (SD) Mean (SD) " p-value
Muscle strength (kg) Median (IQR) Median (IQR) P (LOO range)**
(n=31) (n=31)
Shoulder flexion 7.16 (2.18) 8.29 (1.83) i
7.20 (5.4-8.9) 8.4(7.2-9.2) 002 <001-002
Shoulder extension 7.93 (2.05) 8.72(1.72) !
8.3(7.3-8.8) 8.4 (8.0-9.9) 028 -009-051
Elbow flexion 12.57 (3.67) 13.77 (2.91) :
13.10 (9.8-15.1) 13.3 (11.7-15.5) 018 -005-031
Elbow extension 10.09 (2.71) 10.89 (2.25) :
10 (8.8-11.4) 10.9 (9.6-12.3) 225 137-336
Wrist flexion 6.64 (2.07) 6.87 (1.77) )
6.0 (5.1-8.0) 6.4 (5.6-7.8) 239 124-349
Wrist extension 7.68 (2.36) 7.26 (1.87) _
7.7 (5.6:9.6) 72(5.88.2) .156 .076-.256
*p value by Wilcoxon Signed Ranks Test. Statistically significant p—value < 0.05. ** Sensitivity p-values indicate the range observed in leave-one-out analysis.
Table 3. Comparison of affected and unaffected upper extremity range of motions.
Affected upper extremity Unaffected upper extremity Sensitivity
L Mean (SD) Mean (SD) " p-value
Range of motion (°) Median (IQR) Median (IQR) P (LOO range)**
(n=31) (n=31)
Shoulder flexion 144.61 (24.51) 156.10 (22.02) B
146 (130-160) 160 (150-170) 008 001013
Shoulder extension 56.26 (12.24) 60.19 (11.18) B
55 (49-67) 60 (50-70) 035 -009-.059
Elbow flexion 132.23(9.71) 135.10 (8.32) B
135 (130-140) 135 (130-140) 267 188 -.439
Elbow extension 1.06 (2.59) -0.35 (4.05) B
0(03) 0(00) .068 .027 - .151
Wrist flexion 67.61(9.15) 67.93 (10.47) B
65 (60-75) 69 (62-75) 909 665-1.000
Wrist extension 64.71 (12.36) 61.39 (12.36) B
63 (60-75) 65 (54-70) 243 144 -.386

*p value by Wilcoxon Signed Ranks Test. Statistically significant p—value < 0.05. **Sensitivity p-values indicate the range observed in leave-one-out analysis.

Figure 1. Isometric strength testing positions using the handheld dynamometer. (A) shoulder flexion, (B) shoulder extension, (C) elbow flexion, (D)
elbow extension, (E) wrist flexion, (F) wrist extension.

gests that while surgical and therapeutic interventions im-
pact overall upper extremity function, the adaptive capacity
of distal joints like the wrist may mask these deficits. Patients
may maintain fine motor skills in their hands and wrists for
daily activities despite the severity of or apprehension about

their lymphedema [13]. Additionally, kinesiophobia may pri-
marily limit proximal movements at the shoulder and elbow,
while less-feared movements of the wrist remain relatively un-

affected.

Our observation of limited shoulder flexion and extension
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in the affected extremity is consistent with the literature.
Postoperative shoulder limitations are documented in 28.3%
of patients after breast surgery and are correlated with in-
creased upper extremity disability [14, 27]. Lymphedema
can exacerbate these limitations. Rezende et al. [6] observed
that women who underwent mastectomy had more restricted
shoulder flexion, abduction, and rotation ROMs on the af-
fected side, with limitations being more pronounced in those
with lymphedema. These shoulder limitations can be at-
tributed to factors such as scar tissue formation, radiation-
induced fibrosis, protective posturing, and prolonged immo-
bility or pain [14]. Our findings on distal joint ROM, how-
ever, reveal some discrepancies with previous research. The
similar elbow ROM we observed between extremities is con-
sistent with Smoot et al. [14]. Yet, while they noted a greater
limitation in wrist flexion on the affected side, our study
found comparable wrist ROM in both arms. This discrep-
ancy may be due to differences in patient populations. In the
study by Smoot et al., 52% of patients had lymphedema in
their dominant extremity, whereas this figure was only 29%
in our study. It is plausible that when the dominant hand
is affected, patients may use it less out of concern for wors-
ening symptoms, leading to reduced strength and mobility.
Since the majority of our patients had lymphedema in the
non-dominant limb, this effect may not have been present.
However, this explanation should be interpreted cautiously,
as Smoot et al. [14] found that limb dominance did not sig-
nificantly affect functional disability scores. Methodological
differences, such as goniometer sensitivity, measurement tech-
niques, or sample size, could also contribute to these divergent
results [14].

In our cohort, the affected extremity was the non-dominant
(left) arm in 71% of patients, which aligns with the higher
incidence of left-sided breast cancer in the general popula-
tion [30]. This suggests that the prevalence of lymphedema
may mirror the anatomical distribution of breast cancer. This
finding is clinically significant, as some data indicate that left-
sided breast cancers may have a more aggressive biological pro-
file and less favorable long-term outcomes [31]. The literature
is conflicting regarding the relationship between the treated
side’s dominance and lymphedema risk. Hayes et al. [32] re-
ported an 80% higher risk of lymphedema in patients treated
on the non-dominant side, suggesting that greater use of the
dominant arm in daily life may be protective. Conversely,
Bulley et al. [33] found no association between limb domi-
nance and the development of lymphedema or upper extrem-
ity dysfunction. Future research should investigate the com-
plex interplay between lymphedema localization, surgical fac-
tors, and long-term patient outcomes.

Limitations

This study has several limitations. First, its cross-sectional
design precludes the establishment of causal relationships.
Nonetheless, the data provide clinicians with valuable obser-
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vational findings to guide patient evaluations. Second, the fi-
nal sample size of 31 patients was slightly below our target of
34. Although a sensitivity analysis was performed to assess
the robustness of the findings, the reduced sample size may
still limit generalizability. Third, the absence of a healthy con-
trol group makes it difficult to ascertain whether the observed
impairments are solely attributable to lymphedema or are in-
fluenced by confounding factors such as age-related decline.
However, the within-subject comparison design is a strength,
as it minimizes the impact of inter-individual factors like gen-
eral health and lifestyle. Finally, due to alack of data, we could
notassess clinical parameters such as the specific type of malig-
nancy, whether axillary dissection was performed, or the sur-
gical procedure used. This prevented an analysis of how dif-
ferent treatments might affect upper extremity outcomes. Fu-
ture longitudinal studies with more comprehensive data col-
lection are needed to elucidate causal relationships and refine
clinical practice.

§ CONCLUSION

In conclusion, this study demonstrates that patients with up-
per extremity lymphedema following breast cancer treatment
have significant deficits in shoulder flexion/extension (both
strength and ROM) and elbow flexion strength in the affected
limb. These impairments appear to be localized to the proxi-
mal joints, which provides a clear rationale for targeted reha-
bilitation. Treatment programs should focus on addressing
the pronounced limitations around the shoulder while lever-
aging the preserved function of the elbow and wrist. This tar-
geted approach allows clinicians to prioritize interventions to
restore mobility and strength where it is most needed.
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