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Abstract
Purpose  This study aimed to compare health-related physical fitness parameters of women with breast cancer–related 
lymphedema (BCRL) to a matched control group.
Methods  Thirty women with unilateral BCRL (lymphedema group, age = 55.00 (40.00–65.00) years) and 32 healthy women 
(control group, age = 49.00 (44.00–64.00) years) were included. Cardiorespiratory fitness with the UKK 2-km walk test, grip 
strength with a hand dynamometer, trunk muscle endurance with the McGill trunk muscle endurance tests, flexibility with 
the sit and reach test, body composition with a body composition analyzer, and waist-to-hip ratio were assessed.
Results  In the lymphedema group, 36.7% of women had mild lymphedema, 36.7% had moderate, and 26.7% had severe 
lymphedema. It was found that maximal oxygen consumption, physical fitness index, grip strength, trunk extensor and lateral 
flexor muscle endurance, and flexibility scores were higher in the control group than in the lymphedema group (p < 0.05). In 
addition, body mass index, body fat percentage, and waist-to-hip ratio were found to be lower in the control group compared 
to the lymphedema group (p < 0.05). There was no significant difference between the trunk flexor muscle endurance scores 
(p > 0.05).
Conclusions  It was found that the health-related physical fitness parameters were adversely affected in women with BCRL 
compared to healthy women. The changes of physical fitness may be important for the assessment and the treatment of BCRL.
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Introduction

Breast cancer is the most common type of cancer among 
women [1]. Most individuals diagnosed with breast cancer 
will experience long-term survival. Following initial breast 

cancer treatments, survivors may experience various physi-
cal and psychosocial consequences that may affect overall 
health [2]. Breast cancer–related lymphedema (BCRL), 
which is one of breast cancer treatment outcomes, related to 
axillary lymph node dissection and radiotherapy, is caused 
by lymphatic system obstruction or disruption [3]. It is a 
progressive condition, due to protein-rich lymph fluid accu-
mulation within the interstitial tissue localized in upper limb 
extremity and/or adjacent thoracic quadrant [3]. This condi-
tion causes physical deficiencies and psychological stress 
[3]. Swelling can be accompanied by physical discomfort, 
pain, paresthesia, fatigue, heaviness of the affected limb, 
stiffness, impaired upper limb extremity, scapula, and spine 
structures [4, 5]. The incidence of BCRL ranges between 
16 and 21% [6].

Physical fitness is usually defined as the ability to perform 
the daily life activity without fatigue [7]. It is also defined 
as the ability a person has to do physical activity or exercise 
and it brings musculoskeletal, cardiovascular, respiratory, 
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endocrine-metabolic, and psychoneurological functions 
together [8, 9]. Physical fitness is not only sport-specific, 
including explosive power, speed, agility, coordination, bal-
ance, and reaction time, but also health-related components, 
including cardiorespiratory fitness, muscular fitness, flex-
ibility, and body composition [7].

It was reported that women with BCRL experience more 
pain and greater restrictions in activity than women without 
BCRL [10]. These results and the different complications of 
adjuvant therapies may restrict participation in the physical 
activity and the health-related physical fitness parameters. 
There were limited studies on cardiorespiratory fitness in 
patients with BCRL [11, 12]. These studies stated that the 
cardiorespiratory fitness decreased in BCRL. The upper 
extremity strength in patients with BCRL was generally 
investigated and found to be reduced in patients with BCRL 
compared to the healthy side [13]. Moreover, trunk asym-
metry and postural disorders were observed because of the 
presence of asymmetric lymphedema, and the symptoms 
accompanying lymphedema and the removal of breast tis-
sue after mastectomy [5]. Thus, examination of trunk mus-
cular fitness may also be important in patients with BCRL. 
According to the authors’ knowledge, there was no study 
about this issue.

After breast cancer treatment, changes such as weight 
gain, decrease in muscle mass, and increase of fat mass may 
be seen in women. These changes in body composition may 
increase the risk of recurrence by triggering inflammatory 
processes and cause various systemic disorders [14, 15]. As 
a result of obesity, lymphatic function may be impaired, and 
impaired lymphatic function may lead to fat accumulation 
[16]. However, there were few studies, investigating the body 
composition in patients with BCRL [17–19]. Examining the 
health-related physical fitness parameters in detail in patients 
with BCRL may be important in planning a comprehensive 
rehabilitation.

Thus, this study aimed to compare the health-related 
physical fitness parameters of women with BCRL to a 
matched control group. Our hypothesis was that there were 
differences in health-related physical fitness parameters in 
women with and without BCRL.

Material and methods

Study design

This is a case–control study. The study was approved by 
the Ethics Committee of the Ankara Yildirim Beyazit Uni-
versity (Approval number: 2022–713-03) and conducted in 
compliance with the Declaration of Helsinki. The study was 
carried out at Physical Therapy and Rehabilitation outpatient 

clinic in Kirsehir Ahi Evran Training and Research Hospital 
between April 2022 and January 2023.

Participants

The women with BCRL, completed cancer treatments, 
having unilateral upper extremity BCRL, aged between 
18–65 years, who volunteered to participate to the study, 
were included in the lymphedema group. For the control 
group, volunteered women without a history of lymphedema 
or any chronic diseases or injury, aged between 18 and 
65 years from the relatives of patients, were included. Since 
body composition and waist-to-hip ratio ratios were used 
as outcome criteria, all patients participating in the study 
were examined for lipedema before the study. Sparing of the 
hands and feet, the tenderness of the medial fat pad of the 
knee with palpation, and the accumulation of adipose tissue 
in the retromalleolar sulci were investigated. Patients with 
these findings were excluded from the study with the diagno-
sis of lipedema [20]. Having previous spine and abdominal 
surgery, spinal pain or a spinal deformity (such as scolio-
sis), any physical disability that may prevent walking perfor-
mance, history of orthopedic surgery, diagnosis of chronic 
venous insufficiency, neurological and/or rheumatologic 
diseases, and morbid obesity were excluded from the study. 
Written consent forms were obtained from participants.

Assessments

Physical characteristics, dominant side, and smoking, 
alcohol, and exercise habits were collected by face-to-face 
interviews. The type and duration of surgery, the number of 
chemotherapy cycles, the number of radiotherapy sessions, 
affected side related to lymphedema, and location and dura-
tion of lymphedema of all patients were questioned. The 
same physiotherapists conducted all assessments.

In the lymphedema severity, circumferential measure-
ments on bilateral upper extremities at 5-cm intervals from 
wrist to the axilla were measured while the patient was in 
the supine position. Next, the volume of the extremities 
was calculated using these circumference measurements 
with Frustum Formula [21]. The lymphedema severity was 
classified according to the volume difference between the 
two extremities as follows: mild lymphedema, < 250 ml; 
moderate lymphedema, 250–500  ml; and severe 
lymphedema, > 500 ml [22]. Moreover, the severity of the 
lymphedema-related symptoms such as pain, paresthesia, 
fatigue, and heaviness was assessed with Visual Analog 
Scale (VAS). The VAS is a 10-cm line with no marks along 
them, anchored with the words “no pain” on one hand, 
and “the most severe pain” on the other. Patients were 
simply instructed to place a mark along the line at a level 
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representing the intensity of their pain, paresthesia, fatigue, 
and heaviness [23].

Cardiorespiratory fitness was assessed with the UKK 
2 km walk test. Women were asked to walk as fast as possi-
ble and at a continuous speed (without running) on the 2-km 
track, where the starting and ending points were determined. 
At the end of the test, the women’s time to complete the 
2 km and their heart rate at the end of test were recorded. 
Maximal oxygen consumption (VO2 max) and fitness index 
scores were calculated using total time to complete the test, 
heart rate at the end of the test, age, and body mass index 
(BMI) values [24]. The test was declared as a reasonably 
accurate field test to predict changes in VO2 max in healthy 
nonathletic adults [24].

Muscular fitness consisted of grip strength related to 
global muscle strength [25], trunk muscle endurance, and 
flexibility parameters. Grip strength, in the standard position 
recommended by the American Society of Hand Therapists, 
was measured with a hand dynamometer (Gahome Digital 
LCD Hand Grip Strength Dynamometer) with the elbow 
flexed to 90° and the forearm and wrist in the neutral posi-
tion. Women were asked to grip the dynamometer with all 
their strength for 3 s and then release it. Each evaluation was 
repeated 3 times and average score was calculated. Women 
rested for 1 min between the evaluations [26]. Grip strength 
was evaluated from both the affected and unaffected sides of 
the patients and the dominant sides of the healthy controls. 
Trunk muscle endurance was evaluated with the McGill 
trunk muscle endurance tests (trunk flexion, extension, and 
lateral flexion endurance tests). Women were stated how to 
perform the positions by demonstrating them in advance. 
Then, they were asked to repeat these positions once and to 
recognize the evaluation positions. Women were encouraged 
to maintain isometric postures for each test position as long 
as possible. The time that women could maintain the cor-
rect position was recorded in seconds [27]. Trunk flexibility 
was also assessed with the sit and reach test. Women sat 
with their feet against the testing box. They kept their knees 
extended and reached forward as far as they could by sliding 
their hands along the measuring board. Each evaluation was 
repeated 3 times and the highest distance was recorded in 
centimeters [28].

Body composition was assessed with a body composi-
tion analyzer (Omron BF-511, Japan) [29]. The women were 
told not perform heavy physical activity before 24–48 h, not 
consume alcohol before 24 h, and not eat and consume too 
much liquid before 2 to 4 h. First of all, the height meas-
urement was measured without shoes, standing upright and 
looking straight ahead. Then, the weight measurement was 
made with very thin clothes and these measurements were 
entered into the device. Lastly, women stood on the device 
with bare hands and feet. The BMI and body fat percentage 
were reported by the software of the device. And also, waist 

circumference was measured from the narrowest circumfer-
ence between iliac crista and last costae and hip circumfer-
ence was measured from the widest part of the hip while 
women were standing. An inflexible tape was used in all 
measurements and waist-to-hip ratio was also calculated 
[30].

Sample size and statistical analyses

G*Power (Ver. 3.0.10, Germany) package program was used 
for sample size [31]. According to the VO2 max results of 
the pilot study conducted before our study, it was calcu-
lated that a total of 52 individuals, at least 26 individuals 
for each group, should be included in this study in order to 
obtain 80% power with an effect size of 0.795, α = 0.05 and 
β = 0.20. Considering the possible data losses, it was decided 
to add at least 10% more individuals and thus to reach a total 
of at least 58 individuals for the study.

The normal distribution of the data was examined with 
using histograms, probability plots, and Shapiro–Wilk 
test. Descriptive statistics were calculated for all vari-
ables. Normally distributed data, non-normal distributed 
data, and categorical data were presented as mean ± stand-
ard deviation (SD), median (minimum (min)-maximum 
(max)), and frequency (n) and percentage (%), respectively. 
In the comparison of numerical variables in lymphedema 
and control groups, the independent samples t-test and the 
Mann–Whitney U test were used; in the comparison of cat-
egorical variables, the Fisher’s exact test were used. Fur-
thermore, the Kruskal–Wallis test was used to compare the 
grip strength values of the affected and unaffected side of 
lymphedema group and the dominant side of the control 
group. Mann–Whitney U test was used to test the signifi-
cance of pairwise differences using Bonferroni correction 
to adjust for multiple comparisons. For statistical analysis, 
IBM SPSS Statistics 22.0 (Armonk, NY: IBM Corp.) was 
used. Statistical significance level was accepted as p < 0.05.

Results

Thirty-two women with lymphedema and 35 healthy women 
participated in the study. The study was completed with 30 
women with lymphedema and 32 healthy women (Fig. 1). 
The characteristics of the groups were similar (p > 0.05, 
Table 1). In the lymphedema group, most of the patients 
had mild (36.7%) and moderate lymphedema (36.7%). 
It was found that these patients had more left extrem-
ity lymphedema (53.3%). In addition, the most severe 
lymphedema-related symptoms was a feeling of heaviness. 
The characteristics related to surgery, chemotherapy, radio-
therapy, and edema of the lymphedema group are presented 
in Table 2.
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When the health-related physical fitness parameters of 
the groups were examined, it was found that VO2 max, 
physical fitness index, trunk extensor, right and left lat-
eral flexor muscle endurance, and flexibility scores were 
higher in the control group than in the lymphedema group 
(p < 0.05). Furthermore, BMI, waist-to-hip ratio, and body 
fat percentage were found to be lower in the control group 
compared to the lymphedema group (p < 0.05). There was 
no significant difference between the trunk flexor muscle 
endurance score (p > 0.05, Table 3).

In addition, there was a difference between the grip 
strength values of the affected side and unaffected side 
of the lymphedema group and the dominant side of the 
control group (p < 0.05). Grip strength values of both the 
affected and unaffected side of the lymphedema group 
were less than those of the dominant side of the control 
group (p < 0.05). In the lymphedema group, it was also 
detected that the grip strength values of the affected side 
were less than those of the unaffected side (p < 0.05) 
(Table 4).

Discussion

This study was seen that women with BCRL had lower 
cardiorespiratory fitness, grip strength, trunk muscle 
endurances (except flexor muscle endurance), and flexibil-
ity in comparison to controls. The grip strength values of 
the affected side were less than those of the unaffected side 
in women with BCRL. Moreover, women with BCRL had 
higher BMI, body fat percentage, and waist-to-hip ratio 
than healthy controls.

Centers for Disease Control stated that having appropri-
ate physical fitness makes the individual feel good physi-
cally, physiologically, and psychologically [1]. Breast 
cancer survivors may experience avoidance of activity 
and fear of movement due to different reasons such as 
pain, restricted arm/shoulder range of motion, and risk 
of lymphedema [32]. Kabak et al. also explained that the 
physical activity level was lower in individuals with BCRL 
compared to healthy controls [33]. Moreover, the long-
term effects of cancer and its treatment, including chronic 

Fig. 1   Flow chart of partici-
pants

Table 1   Comparison of the 
characteristics of the groups

min minimum, max maximum, n number, % percentage
a Mann-Whitney U test
b Fisher’s Exact test

Lymphedema group
(n = 30)

Control group
(n = 32)

p

Age (years, median (min–max)) 55.00 (40.00–65.00) 49.00 (44.00–64.00) 0.058a

Dominant side (n, %) Right
Left

29 (96.7)
1 (3.3)

29 (90.6)
3 (9.4)

0.613b

Smoking (n, %) Yes
No

0 (0.0)
30 (100.0)

3 (9.4)
29 (90.6)

0.238b

Alcohol (n, %) Yes
No

0 (0.0)
30 (100)

0 (0.0)
30 (100.0)

–

Exercise habits (n, %) Yes
No

0 (0.0)
30 (100.0)

3 (9.4)
29 (90.6)

0.238b
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pain, fatigue, sleep problems, and cardiovascular toxicity, 
suggest the necessity of physical activity for breast cancer 
survivors [2]. Moreover, the link between cardiorespira-
tory fitness and physical activity was well established [34]. 
Smooth et al. investigated cardiorespiratory fitness using 
symptom-limited treadmill testing in those with and with-
out BCRL. They found that the peak oxygen consumption 
(VO2 peak) was lower in women with BCRL than women 
without BCRL [11]. Kim et  al. stated that metabolic 
equivalent tasks, VO2 peak, and anaerobic threshold in 
patients with BCRL were lower than healthy controls [12]. 
In our study, the cardiorespiratory fitness was evaluated 
with a field test, an easy, practical, and valid method. We 
found that women with BCRL had a lower cardiorespira-
tory fitness compared to healthy women. These findings 
may be due to the characteristics of lymphedema and its 
accompanying problems. According to these results, the 
cardiorespiratory fitness should be taken into account for 
the assessment and the rehabilitation processes in patients 
with BCRL.

The trunk is a significant part of body in terms of pro-
prioceptive stimuli, postural stability, and energy transfer 
between the extremities [35]. In the literature, it was reported 
that the sagittal thoracic curve and the frontal inclination 
angle towards the unaffected side increased in patients with 
BCRL [5]. Correct movement occurs when both stability 
and mobility of the trunk are in harmony [36]. According to 

Table 2   Characteristics of the lymphedema group

SD standard deviation, min minimum, max maximum, VAS visual 
analog scale, cm centimeter
X mean

Parameter Lymphedema 
group (n = 30)

Type of surgery, n (%)
Modified radical mastectomy
Partial mastectomy

18 (60)
12 (40)

Duration of surgery (years), X ± SD 7.60 ± 3.51
Number of chemotherapy cycles, n (%)
1–3
4–6
7 and above

5 (16.7)
13 (43.3)
12 (40)

Number of radiotherapy sessions, median (min–max) 24 (18–25)
Affected upper extremity, n (%)
Right
Left

14 (46.7)
16 (53.3)

Duration of lymphedema (months), median (min–
max)

36 (4–150)

Lymphoedema severity, n (%)
Mild
Moderate
Severe

11 (36.7)
11 (36.7)
8 (26.7)

Severity of the lymphedema-related symptoms
Pain (VAS, cm), median (min–max) 1.71 (0–6.50)
Paresthesia, (VAS, cm), X ± SD 2.28 ± 1.65
Fatigue, (VAS, cm), X ± SD 4.00 ± 2.48
Heaviness, (VAS, cm), X ± SD 4.37 ± 2.89

Table 3   Comparison of the 
health-related physical fitness 
parameters of the groups

SD standard deviation, min minimum, max maximum, kg kilogram, sec second, cm centimeter, m meter
X mean
* p < 0.05
a Mann-Whitney U test
b Independent sample t test

Parameters Lymphedema group 
Median (min–max) 
X ± SD
(n = 30)

Control group 
Median (min–max) 
X ± SD
(n = 32)

p

Cardiorespitatory fitness
VO2 max
Physical fitness index

36.65 (25.01–60.03)
77.68 (43.73–126.59)

43.50 (33.98–68.78)
102.53 (65.77–157.36)

0.001a*
 < 0.001a*

Muscular fitness
Trunk flexor muscle endurance 

(sec)
Trunk extensor muscle endur-

ance (sec)
Trunk lateral flexor muscle 

endurance (right) (sec)
Trunk lateral flexor muscle 

endurance (left) (sec)
Flexibility (cm)
Body composition
BMI (kg/m2)
Waist-hip ratio
Body fat percentage

25.50 (6.00–73.00)
5.00 (1.00–26.00)
6.00 (2.00–17.00)
3.00 (2.00–18.00)
 − 6.64 ± 7.14
30.48 (26.60–38.00)
0.85 ± 0.05
38.80 (33.90–43.60)

30.50 (5.00–78.00)
42.50 (3.00–120.00)
15.50 (1.00–130.00)
10.50 (2.00–55.00)
8.90 ± 6.60
27.85 (21.67–34.95)
0.82 ± 0.03
34.00 (18.70–48.20)

0.481a

 < 0.001a*
0.004a*
0.001a*
 < 0.001b*
 < 0.001a*
0.034b*
0.006a*
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the authors’ knowledge, there was no study examining trunk 
muscle strength, endurance, and flexibility in individuals 
with BCRL. Grip strength, which is a determinant of total 
muscle strength in the upper extremity, has a negative corre-
lation with the life quality of individuals after breast cancer 
surgery, and is also used as a reliable assessment tool for 
mortality in the cancer population [37, 38]. Furthermore, it 
was found that grip strength was correlated to trunk mus-
cle flexor and extensor strength [25]. In a previous study, 
grip strength was detected to be reduced in patients with 
BCRL compared to the healthy side; however, no difference 
was between right-left grip strength in individuals without 
upper extremity lymphedema [10]. In another study, it was 
reported that grip strength decreased in women with BCRL 
compared to healthy controls [13]. In our study, women with 
BCRL had lower grip strength, trunk muscle endurance, and 
flexibility compared to healthy controls. Moreover, the grip 
strength of the affected side was less than that of the unaf-
fected side in women with BCRL. These findings may be 
due to lymphedema and its accompanying postural problems 
and physical inactivity, and cancer treatments [5, 33]. In 
these patients, attention should be paid to trunk rehabilita-
tion as well as edema treatment.

Changes in body composition related to breast cancer and 
its treatment are a significant risk factor for the development 
of lymphedema. As a result of obesity, lymphatic function 
may be impaired, and impaired lymphatic function may lead 
to fat accumulation [16]. However, studies evaluating body 
composition in patients with BCRL are limited and have 
inconsistent results. Nakipoglu et al. assessed body composi-
tion with the TANITA bioimpedance analysis and anthropo-
metric measurements in individuals with and without BCRL. 
BMI and body fat percentage were not different in those 
with BCRL than in those without BCRL. However, waist 

circumference was detected to be significantly higher in 
patients with BCRL [19]. In the study of Gomes et al., body 
composition was measured through the dual energy X-ray 
absorptiometry. Total fat percentage was found to be similar 
between patients who have undergone breast cancer surgery 
and healthy individuals, but the trunk fat mass was higher 
in those with lymphedema [39]. In our study, women with 
BCRL had higher BMI, waist-to-hip ratio, and body fat per-
centage compared to healthy controls. Differences in results 
may be due to evaluation methods. However, in individuals 
with lymphedema or at risk of developing lymphedema, it 
may be important to try to keep the values related to body 
composition within the norm values. In this context, these 
individuals should be directed to regular physical activity/
exercise programs and dietary recommendations during 
rehabilitation processes.

The strengths of our study were considering health-
related physical fitness parameters, reaching a sufficient 
sample size, and using valid and reliable evaluation meth-
ods. However, we did not investigate patients according to 
the characteristics of lymphedema such as the lymphedema 
severity and duration, the lymphedema-related symptoms 
(pain etc.), and having radiotherapy and chemotherapy all 
might affect the results. Further studies should consider 
these issues. Moreover, body composition could not be 
documented as segmentally for regional observations.

Conclusion

In this study, decreased cardiorespiratory fitness, grip 
strength, trunk muscle endurances, and flexibility and 
increased BMI, body fat percentage, and waist-to-hip ratio 
were observed in women with BCRL. The changes of 

Table 4   Comparison of the 
grip strength parameters of the 
groups

min minimum, max maximum, kg kilogram
p1: comparison of affected and unaffected side of lymphedema group; p2: comparison of the affected side 
of lymphedema group and the dominant side of the control group; p3: comparison of the unaffected side of 
lymphedema group and the dominant side of the control group
* p < 0.05
a Kruskal-Wallis test
b Mann-Whitney U test

Parameters Lymphedema 
group (n = 30) 
Affected side / 
Unaffected side
Median (min–
max) Median 
(min–max)

Control group (n = 32) 
Dominant side
Median (min–max)

p1 p2 p3

Muscular fitness
Grip strength (kg)

16.72 (13.00–
21.15) / 18.47 
(16.40–25.03)

23.50 (19.70–36.00) 0.001b*  < 0.001b*  < 0.001b*

p  < 0.001a*
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health-related physical fitness parameters should be taken 
into account for the assessment, treatment, and the long-term 
survivorship of BCRL.

Author contribution  STC: The conception and design of the study, 
analysis and interpretation of data, drafting the manuscript or revising 
it critically for important intellectual content.

OB: Acquisition of data, drafting the manuscript or revising it criti-
cally for important intellectual content.

EBD: Acquisition of data, drafting the manuscript or revising it 
critically for important intellectual content.

BCK: Acquisition of data, drafting the manuscript or revising it 
critically for important intellectual content.

DOK: The conception and design of the study, drafting the manu-
script or revising it critically for important intellectual content. All the 
authors read and approved the version for submission.

Declarations 

Ethics approval  The study was approved by the Ethics Committee of 
the Ankara Yildirim Beyazit University (Approval number: 2022–713-
03) and performed in accordance with the rules of the Declaration of 
Helsinki.

Consent to participate  Informed consent was obtained from all indi-
vidual participants included in the study.

Competing interests  The authors declare no competing interests.

References 

	 1.	 Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A 
(2018) Global cancer statistics 2018: GLOBOCAN estimates of 
incidence and mortality worldwide for 36 cancers in 185 coun-
tries. CA Cancer J Clin 68(6):394–424

	 2.	 Moore HC (2020) Breast cancer survivorship. In :Seminars in 
Oncology 47:222–228 (WB Saunders)

	 3.	 Fu MR (2014) Breast cancer-related lymphedema: symptoms, 
diagnosis, risk reduction, and management. World J Clin Oncol 
5(3):241–247

	 4.	 Korucu TS, Ucurum SG, Tastaban E, Ozgun H, Kaya DO (2021) 
Comparison of shoulder-arm complex pain, function, and scapular 
dyskinesia in women with and without unilateral lymphedema 
after breast cancer surgery. Clin Breast Cancer 21(3):e285–e293

	 5.	 Celenay ST, Ucurum SG, Kaya DO (2020) Comparison of spinal 
alignment and mobility in women with and without post modified 
radical mastectomy unilateral lymphoedema. Clin Breast Cancer 
20(3):e295–e300

	 6.	 DiSipio T, Rye S, Newman B, Hayes S (2013) Incidence of uni-
lateral arm lymphoedema after breast cancer: a systematic review 
and meta-analysis. Lancet Oncol 14(6):500–515

	 7.	 Caspersen CJ, Powell KE, Christenson GM (1985) Physical activ-
ity, exercise, and physical fitness: definitions and distinctions for 
health-related research. Public Health Rep 100(2):126–131

	 8.	 Escalante Y (2011) Actividad física, ejercicio físico y condición 
física en el ámbito de la Salud Pública. Revista Española de Salud 
Pública 85:325–328

	 9.	 Becerra CA, Reigal RE, Hernández-Mendo A, Martín-Tamayo 
I (2013) Relaciones de la condición física y la composición cor-
poral con la autopercepción de salud. [Relationship of physical 
fitness and body composition with self-rated health.]. RICYDE 

Revista internacional de Ciencias del Deporte / The International 
Journal of Sport Science 9:305–318

	10.	 Smoot B, Wong J, Cooper B, Wanek L, Topp K, Byl N, Dodd M 
(2010) Upper extremity impairments in women with or without 
lymphedema following breast cancer treatment. J Cancer Surviv 
4(2):167–178

	11.	 Smoot B, Johnson M, Duda JJ, Krasnoff J, Dodd M (2012) Car-
diorespiratory fitness in women with and without lymphedema 
following breast cancer treatment. Cancer Clin Oncol 1(1):21–31

	12.	 Kim J, Yun N, Jung E, Lee K (2018) Cardiorespiratory fitness 
and handgrip strength in breast cancer patients with lymphedema: 
preliminary study. Ann Phys Rehabil Med 61:e288

	13.	 Mistry S, Ali T, Qasheesh M, Beg RA, Shaphe MA, Ahmad F, 
Kashoo FZ, Shalaby AS (2021) Assessment of hand function in 
women with lymphadenopathy after radical mastectomy. PeerJ 
9:e11252–e11252

	14.	 Makari-Judson G, Braun B, Jerry DJ, Mertens WC (2014) Weight 
gain following breast cancer diagnosis: implication and proposed 
mechanisms. World J Clin Oncol 5(3):272–282

	15.	 Chan DS, Norat T (2015) Obesity and breast cancer: not only a 
risk factor of the disease. Curr Treat Options Oncol 16(5):22

	16.	 Mehrara BJ, Greene AK (2014) Lymphedema and obesity: is there 
a link? Plast Reconstr Surg 134(1):154e–160e

	17.	 Brorson H, Ohlin K, Olsson G, Karlsson MK (2009) Breast can-
cer-related chronic arm lymphedema is associated with excess 
adipose and muscle tissue. Lymphat Res Biol 7(1):3–10

	18.	 Gomes PRL, Freitas Junior IF (2014) Silva CBd, Gomes IC, 
Rocha APR, Salgado ASI, Carmo EMd: Short-term changes in 
handgrip strength, body composition, and lymphedema induced 
by breast cancer surgery. Rev Bras Ginecol Obstet 36:244–250

	19.	 Nakipoğlu C, Erdoğan İyigün Z, Kayan Tapan T, Özmen V, Remzi 
Soybir G, İlgün AS (2023) Evaluation of abdominal fat ratio in 
patients with breast cancer-related lymphedema: a controlled 
study. Lymphat Res Biol 21(2):130–134

	20.	 Cooper-Stanton G (2020) Chronic oedema and lymphoedema: 
what is the difference? Br J Community Nurs 25(Sup4):S31-s35

	21.	 Kaulesar Sukul DM, den Hoed PT, Johannes EJ, van Dolder R, 
Benda E (1993) Direct and indirect methods for the quantification 
of leg volume: comparison between water displacement volume-
try, the disk model method and the frustum sign model method, 
using the correlation coefficient and the limits of agreement. J 
Biomed Eng 15(6):477–480

	22.	 The diagnosis and treatment of peripheral lymphedema (2013) 
2013 Consensus Document of the International Society of Lym-
phology. Lymphology 46(1):1–11

	23.	 Tsai HJ, Hung HC, Yang JL, Huang CS, Tsauo JY (2009) Could 
Kinesio tape replace the bandage in decongestive lymphatic ther-
apy for breast-cancer-related lymphedema? Pilot Study Support 
Care Cancer 17(11):1353–1360

	24.	 Oja P, Laukkanen R, Pasanen M, Tyry T, Vuori I (1991) A 2-km 
walking test for assessing the cardiorespiratory fitness of healthy 
adults. Int J Sports Med 12(4):356–62

	25.	 Porto JM, Nakaishi APM, Cangussu-Oliveira LM, Freire Júnior 
RC, Spilla SB, Abreu DCC (2019) Relationship between grip 
strength and global muscle strength in community-dwelling older 
people. Arch Gerontol Geriatr 82:273–278

	26.	 Mathiowetz V, Weber K, Volland G, Kashman N (1984) Reli-
ability and validity of grip and pinch strength evaluations. J Hand 
Surg 9(2):222–226

	27.	 McGill SM, Childs A, Liebenson C (1999) Endurance times 
for low back stabilization exercises: clinical targets for testing 
and training from a normal database. Arch Phys Med Rehabil 
80(8):941–944

	28.	 Wells KF, Dillon EK (1952) The sit and reach—a test of back and 
leg flexibility. Res Quart Am Assoc Health Phys Educ Recreat 
23(1):115–118



	 Supportive Care in Cancer (2023) 31:667

1 3

667  Page 8 of 8

	29.	 Jensky-Squires NE, Dieli-Conwright CM, Rossuello A, Erceg 
DN, McCauley S, Schroeder ET (2008) Validity and reliability 
of body composition analysers in children and adults. Br J Nutr 
100(4):859–865

	30.	 American College Health Association-National College 
Health Assessment Spring 2008 Reference Group Data Report 
(abridged): the American College Health Association. J Am Coll 
Health 57(5):477–488.

	31.	 Faul F, Erdfelder E, Lang AG, Buchner A (2007) G*Power 3: a 
flexible statistical power analysis program for the social, behavio-
ral, and biomedical sciences. Behav Res Methods 39(2):175–191

	32.	 Velthuis MJ, Van den Bussche E, May AM, Gijsen BC, Nijs S, 
Vlaeyen JW (2012) Fear of movement in cancer survivors: valida-
tion of the modified Tampa scale of kinesiophobia-fatigue. Psy-
chooncology 21(7):762–770

	33.	 Yildiz Kabak V, Gursen C, Aytar A, Akbayrak T, Duger T (2021) 
Physical activity level, exercise behavior, barriers, and preferences 
of patients with breast cancer-related lymphedema. Support Care 
Cancer 29(7):3593–3602

	34.	 Taylor DL, Nichols JF, Pakiz B, Bardwell WA, Flatt SW, Rock 
CL (2010) Relationships between cardiorespiratory fitness, physi-
cal activity, and psychosocial variables in overweight and obese 
breast cancer survivors. Int J Behav Med 17(4):264–270

	35.	 Richardson C, Toppenberg R, Jull G (1990) An initial evaluation 
of eight abdominal exercises for their ability to provide stabilisa-
tion for the lumbar spine. Aust J Physiother 36(1):6–11

	36.	 Hoffman J, Gabel P (2013) Expanding Panjabi’s stability model 
to express movement: a theoretical model. Med Hypotheses 
80(6):692–697

	37.	 Kaya T, Karatepe AG, Günaydn R, Yetiş H, Uslu A (2010) Dis-
ability and health-related quality of life after breast cancer sur-
gery: relation to impairments. South Med J 103(1):37–41

	38.	 Rantanen T, Volpato S, Ferrucci L, Heikkinen E, Fried LP, Gural-
nik JM (2003) Handgrip strength and cause-specific and total 
mortality in older disabled women: exploring the mechanism. J 
Am Geriatr Soc 51(5):636–641

	39.	 Gomes PR, Freitas Junior IF, da Silva CB, Gomes IC, Rocha AP, 
Salgado AS (2014) do Carmo EM: Short-term changes in hand-
grip strength, body composition, and lymphedema induced by 
breast cancer surgery. Rev Bras Ginecol Obstet 36(6):244–250

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.


	Health-related physical fitness parameters in women with breast cancer–related lymphedema: a case–control study
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Material and methods
	Study design
	Participants
	Assessments
	Sample size and statistical analyses

	Results
	Discussion
	Conclusion
	References


