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ABSTRACT

Objectives: This study aims to investigate the effect of complex decongestive therapy (CDT) on the kinesthetic sense of hands, upper 
extremity function, and the quality of life in patients with breast cancer-related lymphedema (BCRL).
Patients and methods: Between August 2018 and August 2019, total of 50 women with BCRL (mean age: 56.5±9.6 years; 
range, 36 to 71 years) were included in the study. Kinesthetic sense of the hand, upper extremity function (Disabilities of the Arm, 
Shoulder and Hand [DASH]), quality of life (European Organization for Research and Treatment of Cancer Quality of Life Core 
Questionnaire [EORTC QLQ-C30]), and arm volume of all patients were evaluated before and after the treatment. All patients 
received CDT for 20 sessions for 1 h over a total of four weeks.
Results: A statistically significant decrease in the volume of the involved extremity was observed after the treatment (p<0.001). There was 
a significant decrease in the symptom score (p<0.001) and a significant improvement in the general health status and functional scales 
of the EORTC QLQ-C30 (p<0.001 and p=0.012, respectively). The DASH scores and visual and kinesthetic sense scores of the patients 
significantly improved after the treatment (p=0.016, p=0.008, and p<0.001, respectively).
Conclusion: Our study results show that BCRL is a serious complication which may lead to impairment in the kinesthetic sense of hand 
and upper extremity function with the increased arm volume. The CDT is an effective and safe method not only to achieve significant 
volume reduction in the extremities, but also to achieve favorable results in managing these problems.
Keywords: Complex decongestive therapy, disabilities of the arm, kinesthetic sense, lymphedema, quality of life, shoulder and hand.

The number of women with breast cancer has been 
rapidly increasing and surgery, chemotherapy, and 
radiotherapy used in the treatment of breast cancer 
result in some problems, such as lymphedema (LE), 
which may affect the patient’s quality of life.[1] The 
prevalence rates reported for LE that develop after 
breast cancer treatment vary between 0 and 56%, 
depending on the diagnostic methods used.[2]

Although LE is not a life-threatening condition 
in most patients, it may cause various physical, 

psychological, and social problems.[3,4] Swelling is 
the most prominent physical finding in the patients 
with LE.[5] Edema may cause feeling of heaviness, 
tightness, and pain in these patients. Functional 
status of the affected upper limb and hand skills 
are important for the independence in daily life 
activities. In a recent study of LE in breast cancer 
patients, patients with extensive edema from arm 
to the hand had impaired kinesthetic sensation and 
hand function.[6]
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There are several studies about kinesthetic sense, 
which is defined as the ability of sensing the movement 
of a joint (or an extremity), and many have shown that 
this sense is stimulated by the restriction of muscle 
spindle’s ability to perceive movement primarily as 
a result of the action of muscle spindles with the 
contribution of receptors on the skin.[7] In daily practice, 
the kinesthetic sense is measured as the smallest 
change required to elicit awareness of movement in 
the joint. Kinesthetic sense is particularly important 
for hand skills.[6]

Complex decongestive therapy (CDT) is the 
gold-standard method in the treatment of LE.[8] 
Along with a significant volume reduction (50 to 
70%), CDT also reduces skin fibrosis and improves 
skin status, improves functional status, increases 
the quality of life by relieving the symptoms of the 
patient, and reduces the risk of developing cellulitis 
and angiosarcoma.[8,9] Treatment includes skin care, 
manual lymphatic drainage (MLD), and compression 
therapy which are applied in two phases.[10] 

Review of the literature reveals no study 
investigating the effects of CDT on the kinesthetic 
sense of hand in patients with BCRL, which is yet to be 
unveiled. In the present study, therefore, we aimed to 
investigate the effect of CDT on the kinesthetic sense 
of hands, upper extremity function, and the quality of 
life in patients with BCRL.

PATIENTS AND METHODS

This single-arm, pre-post intervention was 
conducted at Afyonkarahisar Health Sciences 
University and Ege University, Faculty of Medicine, 
Department of Physical Medicine and Rehabilitation 
between August 2018 and August 2019. A total of 50 
women with BCRL (mean age: 56.5±9.6 years; range, 
36 to 71 years) who were admitted to our center 
for physical rehabilitation and received CDT due to 
BCRL (Stage 2-3) with edema in their hands and with 
dominant extremity involvement were included in 
this study. Those having recurrent cancer, acute deep 
venous thrombosis, severe cardiac and pulmonary 
problems, and open wound and infections in the 
affected extremity, and patients undergoing therapy 
for LE within the past six months or having cognitive 
deficits that would infer responding the questions 
were excluded from the study. The study f low chart 
is shown in Figure 1. A written informed consent was 
obtained from each patient. The study protocol was 
approved by the Ege University, Faculty of Medicine 
Ethics Committee (date/no: 16-5.1/15). The study was 

conducted in accordance with the principles of the 
Declaration of Helsinki. All patients underwent 20 
sessions of CDT daily for 1 h over a total of four weeks. 
This program was composed of patient education, 
MLD, compression therapy with a short-stretch 
bandage for 23 h per day, exercise, and skin care. 
The MLD massage was performed daily for 30 min, 
followed by multi-layered decongestive bandaging, 
and the patients were instructed to perform remedial 
exercises for LE, while the bandages were in place.

The treatment responses were evaluated 
at baseline and at four weeks after the initial 
examination. The demographic and clinical 
characteristics of the patients were recorded at the 
beginning of the treatment. The kinesthetic sense of 
the hand and hand grip strength in the affected arm, 
arm volume, functional status of the affected arm 
and health-related quality of life of the patients were 
evaluated before and after the treatment. 

The kinesthetic sense was evaluated as the ability 
to copy different hand positions. The evaluations were 
performed using two different methods by providing 
visual and kinesthetic cues. The examined hand of 
the patient was positioned with the help of a masking 
plate to cover the patient’s vision. While the patient’s 
vision was covered, a total of nine assessments were 
performed, first one as a trial. In the visual control 
test, eight different hand positions were cued and the 

Total number of patients who 
were given information (n=87)

Total number of patients enrolled 
(n=75)

Total number of patients enrolled 
(n=50)

Number of patients analyzed after 
treatment (n=50)

Exclusion (n=12)
•	 Refused to participate (n=12)

Exclusion (n=25)
•	 Not meeting inclusion criteria 

(n=25)

Four-week CDT treatment was 
given (n=50)

Figure 1. Flow diagram of the study.
CDT: Complex decongestive therapy.



213CDT for kinesthetic sense

patient was asked to reproduce the hand figures. In the 
assessment of kinesthetic test, both examined and the 
other hand of the patient were positioned to cover the 
patient’s vision. The untested hand was positioned by 
the physician. The patient was asked to copy position 
of the untested hand with the tested hand. Both 
affected and intact arms were evaluated. The result was 
scored on a scale from 0 to 3 points.[6]

A Jamar hand dynamometer was used to evaluate 
the hand grip strength. The measurement was 
performed, while the patient was in the seated position 
with the elbow placed on the table, shoulder adducted 
and in neutral rotation, elbow joint in 90° f lexion, and 
forearm and wrist in neutral position. The highest 
score in three trials was recorded.[11]

For the evaluation of edema, LE of the limbs 
were assessed by the same physiotherapist using 
the circumferential and volumetric methods before 
and after the treatment. Circumferential upper limb 
measurements were carried out with the arm abducted 
at 30°, starting at the level of the carpometacarpal 
joint, every 5 cm proximal to this point along both 
limbs. Afterwards, we used a computer program (limb 
volumes professional version 5.0) to convert these 
values into limb volumes in mL.[12]

Functional status of the arm was evaluated from 
the perspective of the patient using the Disabilities 
of the Arm, Shoulder and Hand (DASH) score. The 
DASH was developed by the Institute of Work and 
Health and Ontario and the American Academy of 
Orthopaedic Surgeons to evaluate upper extremity 
problems.[13] The questionnaire evaluates the 
functional status of the entire upper extremity with 
sports and musicians’ module filled on a voluntary 
basis. It consists of 30 items related to the symptoms 
and daily life activities and takes around 5 min to 
complete, and it has a moderate scoring difficulty. All 
items are scored from 1 to 5 points (1= no difficulty, 
5= unable to perform the activity). The total score 
ranges from 20 to 100 points, and higher scores 
indicate a greater level of disability.

The quality of life was evaluated using the 
European Organization for Research and Treatment 
of Cancer Quality of Life Core Questionnaire (EORTC 
QLQ-C30). This questionnaire was administered to 
evaluate the quality of life in patients with breast 
cancer, and consists of 30 questions and assesses 
symptoms which occurred in the previous two 
weeks. The items are rated on a Likert-type scale: 
1- not at all, 2- a little, 3- quite a bit, 4- very much. 
The questionnaires are divided into three scales: 

Global Health Scale (GHS), Functional Scale (FS), 
and Symptom Scale (SS).[14]

Statistical analysis

Statistical analysis was performed using the IBM 
SPSS version 22.0 (IBM Corp., Armonk, NY, USA) 
and MedCalc software (Medcalc Software, Belgium). 
Continuous variables were expressed in mean ± 
standard deviation (SD) or median (min-max), 
while categorical variables were expressed in 
number and percentage. Comparisons of pre- versus 
post-intervention values for continuous variables 
were made using the paired t-test. The kinesthetic 
sense loss was examined using the McNemar’s test. 
The relationships between continuous variables were 
analyzed using the Pearson and Spearman correlation 
analyses. A p value of <0.05 was considered statistically 
significant.

RESULTS

Baseline demographic and clinical characteristics 
of the patients are shown in Table 1.

Changes in the volume of involved limbs and 
EORTC QLQ-C30 scores, kinesthetic sense scores 
of the hand, and DASH scores after treatment are 
presented in Table 2. The mean volumes of the 
limbs before and after treatment protocol were 
3,920.1±897.9 mL and 3,297.6±773.1 mL, respectively, 
indicating a statistically significant reduction in the 
volume of the involved limbs after the treatment 
(p<0.001).

There was a significant improvement in the GHS 
and FS scores of the EORTC QLQ-C30 (p<0.001 and 
p=0.012, respectively) and a significant reduction 
in the SS scores (p<0.001). The mean DASH score 
decreased from 48.5±30.5 at baseline to 39.9±21.9 after 
treatment, showing an improvement in the DASH 
scores after the treatment (p=0.016).

In addition, the patients had significant visual 
and kinesthetic sense scores after the treatment 
(p=0.008 and p<0.001, respectively). Also, the 
kinesthetic sense loss rate of the patients significantly 
decreased after the treatment (p=0.035 and p=0.001, 
respectively) (Table 3). However, we found no 
significant correlation between the volume change 
and visual (r=-0.098; p=0.499), and kinesthetic sense 
(r=-0.157; p=0.277) change after the treatment.

None of the patients experienced adverse effects 
related to the treatment, and no additional drugs were 
used for LE during the study.
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TABLE 2
Change in volume of involved limbs, and EORTC-QLQ-C30 and DASH scores after 

treatment
Before treatment After treatment

Variables Mean±SD Mean±SD p

Affected extremity volume (mL) 3920.1±897.9 3297.6±773.1 <0.001

EORTC-Q30-functional 72.4±18.6 77.4±13.7 0.012

EORTC-Q30-symptom 26.5±12.7 20.9±11.3 <0.001

EORTC-Q30-global health 58.0±18.3 70.7±17.9 <0.001

DASH 48.5±30.5 39.9±21.9 0.016

Jamar 14.2±6.6 14.1±4.7 0.897
EORTC-QLQ-C30: European Organization for Research and Treatment of Cancer Quality of Life Core Questionnaire; 
DASH: Disabilities of the Arm, Shoulder and Hand; SD: Standard deviation.

TABLE 3
Change in kinesthetic sense score, and kinesthetic sense loss ratio after treatment

Before treatment After treatment

% Mean±SD % Mean±SD p

Kinesthetic sense score of the hand
Visual
Kinesthetic

2.7±0.4
2.4±0.5

2.9±0.3
2.7±0.4

0.008
<0.001

Kinesthetic sense lost
Visual
Kinesthetic

42.5
80

30
55

0.035
0.001

SD: Standard deviation.

TABLE 1
Demographic and clinical characteristics of patients (n=50)

n % Mean±SD

Age (year) 56.5±9.6

Education level
Illiterate
Elementary school
Middle or high school
University

3  
17
21       
9

6
34
42
18

Operation type
Total mastectomy
Partial mastectomy
Modified radical mastectomy

23
13
14

46
26
28

Postoperative duration (month) 67.5±54.6

Duration of lymphedema (month) 21.2±10.7

Chemotherapy (yes) 49 98

Number of chemotherapy cures 7.9±3.1

Radiotherapy (yes) 40 80

Number of radiotherapy sessions 23.0±12.3

Cigarette (yes) 4 8

Body mass index (kg/cm2) 31.2±5.0
SD: Standard deviation.
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DISCUSSION

In this study, we evaluated the effect of CDT on the 
kinesthetic sense of hands, upper extremity function, 
and the quality of life in patients with BCRL. Our 
study results showed that CDT significantly improved 
both visual and the kinesthetic sense of the hands 
in patients receiving CDT treatment and CDT had 
significant effects on the arm volumes, functional 
status of the upper extremity, and the quality of life 
of the patients.

It has been well documented that LE affects 
many aspects of the human body, such as sensorial 
deficits, pain, loss of strength, restricted mobility, 
the tendency to infection, and skin tenderness in the 
affected limb.[15-17] In the presence of edema in the 
hand accompanying the arm edema which occurs 
in 60 to 70% of patients with LE in the upper limb, 
a significant loss may occur in the hand functions.[6] 
Consequently, this loss interferes with the patient’s 
ability to perform daily life activities or necessitates 
external support and adversely affects the patient’s 
quality of life.[18,19] Currently, CDT is considered 
the gold standard in the treatment of LE.[8] Several 
studies to date have investigated the effectiveness 
of CDT in treating and preventing the development 
of post-mastectomy LE.[20-22] The study by Noh et 
al.[9] evaluated the effectiveness of CDT in edema 
in 35 upper limbs of patients with LE and they 
found a significant improvement in the arm volumes. 
In another study, Yamamoto and Yamamoto[23] 
reported a median reduction of 328.7 mL in the 
upper extremity volume following CDT with a rate of 
median volume reduction of 58.9%. According to the 
results of a systematic review of 26 studies on CDT 
published from 2004 through 2011, CDT was found 
to reduce the extremity volume.[8] Similar to these 
studies, in the present study, we found a significant 
improvement in the extremity volume with CDT in 
the patients with a mean LE duration of 21.2±10.7 
months.

Health-related quality of life has become more 
important with an increasing survival of patients with 
breast cancer thanks to the introduction of modern 
treatment options.[24,25] Volume reduction achieved 
by CDT has resulted in an improvement in physical 
functions and quality of life.[8] The study by Noh et 
al.[9] evaluated 35 upper extremities of patients with 
LE and reported a significant improvement in the 
quality of life using Short Form-36 health survey. 
Similarly, prospective cohort studies conducted by 
Mondry et al.[26] and Yesil et al.[12] reported an increase 

in the quality of life score using CDT. According to 
the results of a recent review, exercise and CDT were 
associated with the most significant improvements in 
the health-related quality of life regarding targeted 
treatments for BCRL.[27] Similar to those reported in 
previous studies, our findings showed a significant 
improvement in all scales of EORTC QLQ-C30 and 
consider that CDT was effective in improving the 
quality of life of the patients with LE.

Upper extremity functions decline as a result of 
joint motion limitation, weakness, paresthesia, rotator 
cuff tendonitis, and pain caused by upper extremity 
LE.[28] Physical impairment in the upper extremities 
contributes to limitations in activities requiring the 
use of the affected upper limb.[29,30] A limited number 
of studies has reported that CDT contribute to the 
improvement in upper extremity functions in patients 
with LE.[31] Buragadda et al.[31] suggested that CDT 
combined with the home-based program was more 
effective treatment than conventional therapies such 
as MLD, bandaging, glenohumeral joint mobilization, 
and respiratory exercises to reduce edema and improve 
upper extremity functions in patients with LE after 
mastectomy. In the present study, we showed a significant 
improvement with CDT in the extremity functions as 
assessed by DASH scores before and after the treatment.

The term kinesthesia refers to the perception of 
body parts in the space and recognizes the roles of 
the other parts of the body, and this term is used to 
express the conscious awareness of the body parts 
and their movements.[32] In addition, kinesthesia 
plays a role in the hand skills and performance of 
movements.[33] The impairment in the kinesthetic 
sense of the hand particularly affects hand 
functions.[34] Hwang et al.[35] compared patients with 
myelomeningocele aged between six and 12 years 
with healthy children regarding their kinesthetic 
sense and they reported that weakening in kinesthetic 
sense resulted in an impairment in hand function in 
children with myelomeningocele. Similarly, Minns 
et al.[36] demonstrated an inadequate kinesthetic 
sense as being one of the causes of insufficient hand 
functions in children with myelomeningocele.

Although many studies have investigated upper 
extremity function in patients with BCRL, only one 
study to date has evaluated the effects of edema on the 
kinesthetic sense of the hand.[6] A cross-sectional study 
conducted by Karadibak and Yavuzsen[6] assessed the 
functionality and the kinesthetic sense of the hand 
in women who developed BCRL. Kinesthetic sense 
of patients without edema in the hand was found to 
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be better, compared to those with edema in the hand. 
The authors also observed loss of kinesthetic sense in 
65.3% of patients who had coexisting impairment in 
performing daily life activities.

Considering that hand skills and performance are 
one of the important causes which affect the quality 
of life in patients with BCRL, it is reasonable to 
expect an increase in the performance with therapies 
provided to these patients. The present study, therefore, 
examined whether CDT used as the gold-standard 
method improved the kinesthetic sense of the hand 
in our LE patients with edema in their hands, and 
with dominant extremity involvement. Therefore, we 
used a test method which was comprised of eight 
different hand positions developed by Lynch et al.[33] 
and adapted by Grant and Watter[37] to evaluate the 
kinesthetic sense of the hand and we observed a 
significant improvement both in visual and kinesthetic 
functions after the treatment, compared to pre-
treatment values. However, we found no significant 
correlation between the volume change and kinesthetic 
sensation change after treatment. We attribute these 
results to various kinesthetic interventions such as 
massage and bandaging (i.e., short stretch produces a 
friction against the skin, as the patient moves) in CDT 
treatment, rather than volume decline in these patients. 
However, we found a significant negative correlation 
between the DASH scores before treatment and both 
visual and kinesthetic sense, suggesting that patients 
with impaired kinesthetic sense showed poorer upper 
extremity physical functions than patients with an 
intact kinesthetic sense. Based on these findings, 
we consider that rehabilitation programs focusing 
on improving upper extremity functions in daily 
life activities in patients with BCRL should also pay 
attention to kinesthetic sense.

Nonetheless, there are some limitations to this 
study. First, the relatively low number of patients in 
the study restricts the scope of the study. Second, we 
were only able to evaluate the short-term results of 
the patients. Further large-scale, longitudinal follow-
up studies are warranted to confirm our findings 
and show the long-term effects of CDT. Although 
patient compliance and attendance rates were good, 
the hospital setting is another limitation. Additionally, 
hand edema was unable to be measured, although 
kinesthetic sense evaluation was performed and, 
probably, this resulted in the lack of a significant 
correlation between the decrease in the upper limb 
volume and kinesthetic sensory changes. Despite the 
limitations, on the other hand, we should note that 
this preliminary study is the first cohort study in 

the literature to evaluate the efficacy of CDT on 
kinesthetic sense in patients with BCRL.

In conclusion, BCRL is a serious complication 
which may lead to symptoms, such as pain, functional 
loss, weakness, fatigue, psychosocial problems, and 
eventually deterioration in the quality of life. In 
this study, significant improvements were observed 
concerning kinesthetic sense of hand, upper extremity 
functions, arm volume and the quality of life of 
patients with BCRL. These findings suggest that CDT 
is an effective and safe method to achieve not only a 
significant volume reduction in limbs involved by LE, 
but also favorable outcomes in the management of the 
health problems that are addressed in this paper.
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