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ABSTRACT

Objective: To compare the effects of low-level laser therapy, kinesio-taping and manual lymphatic drainage (MLD) on the affected arm volume, quality of
life, arm function, neuropathic pain and shoulder mobility in patients with stage II breast cancer-related lymphedema.

Materials and Methods: Forty-five breast cancer patients with stage II lymphedema were included. The patients were randomized to three groups
and treated with MLD, kinesio-taping or low-level laser therapy. After these different therapeutic modalities, all patients received multilayer compression
bandaging, lymphedema remedial exercises, skin care, and a patient education program by the same lymphedema therapist. All treatments were applied
5-days a week for three weeks. The lymphedema compression garments were prescribed to all patients and follow-up visits were planned at the end of the
treatment, and at four and 12 weeks. The efficacy of the treatments was evaluated by volumetric calculations based on circumferential measurements using
the formula for a truncated cone, in addition to goniometric assessments for shoulder joint ROM, and questionnaires: Quick-disability of arm, shoulder
and hand for arm disability; pain-detect for neuropathic pain; and quality of life for arm lymphedema (LYMQOL-arm).

Results: The baseline patient and disease characteristics, and outcome measures were similar between groups. All treatment modalities were found to be
effective in decreasing arm volume, and improving quality of life, upper extremity disability and neuropathic pain. The percentage of decreased arm volume
or treatment success was better in kinesio-taping group than in the MLD group at the end of the treatment, and at four and 12 weeks after treatment (p =
0.009, p = 0.039, and p = 0.042, respectively).

Conclusion: Kinesio-taping led to better results than MLD and was similarly effective compared with low-level laser in stage II breast cancer-related
lymphedema at the twelfth week of follow-up. Kinesio-taping and low-level laser should be considered as alternative treatments in early-moderate stages of

lymphedema. After these modalities, multi-layer compression and compression bandaging remain cornerstones of lymphedema treatment.
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Key Points

*  Lymphedema is chronic, progressive and disabling disease needed self-management including skin care, self-manual lymphatic drainage massage,
compressive garments, and exercises. Since manual lymphatic drain age is time-consuming and tiresome technique, alternative treatments such as
kinesio-taping and LLLT should be considered because of similar effectivity in early stage of lymphedema.
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Introduction

Lymphedema is a chronic, progressive and sometimes disabling disease
if it has been not treated until end stage. Breast cancer (BC) related
lymphedema (BCRL) is the most common cause of lymphedema in
developed countries with an incidence ranging from 6-30% (1-4).

The main risk factors for BCRL are the number of removed axillary
lymph nodes, the number of metastatic lymph nodes, axillary
radiotherapy, taxane type chemotherapy, obesity, advanced age, lack of
physical activity, and the presence of hematoma, seroma or infection

in the affected quadrant (4-6).

Lymphedema patients need life-long care, medical and psychosocial
support (2). For optimal benefits, it is important to diagnose early,
start treatment ecarly and customize the treatment (2). Complex
decongestive therapy (CDT) is the internationally accepted gold
standard treatment method consisting of two-phases (2). The first
phase of CDT is intensive and is performed by health professionals;
this phase includes skin care, manual lymphatic drainage (MLD),
compression therapies, such as multi-layer low-stretch bandaging, and
specialized exercises (2). The second phase is for maintenance and is
performed by the patient, caregiver, or family and consists of the same
components, and compression garments.

MLD is a unique gentle massage technique intended to increase
lymphatic circulation using lymphatic anastomoses and territories in
addition to diaphragmatic breathing. MLD can be applied by health
professionals or by patients themselves (self MLD). Since MLD is
a time-consuming technique and costly to implement, there were
some recent studies that investigated the effectiveness of combining
alternative techniques. However, there were a limited number of
randomized controlled studies investigating the efficacies of MLD (7,
8), low-level laser therapy (LLLT) (9-11), and kinesio-taping (12-14).
Moreover, there was no direct comparative study of these treatment
modalities.

There were also some controlled studies including intermittent
pneumatic compression devices (15), low-level laser treatment (9-
11), electrotherapy (16), extra-corporal shock wave therapy (17), and
kinesio-taping (2, 7).

The aim of this study was to compare the effectiveness and tolerability
of LLLT, and kinesio-taping, as alternative treatment options for
MLD, in patients with stage II BCRL.

Materials and Methods

Patients with BCRL attending the University of Health Sciences
Turkey, Ankara Training and Research Hospital, Department of
Physical Medicine and Rehabilitation, Division of Oncological
Rehabilitation and Lymphedema were evaluated in this study. Ethical
approval was obtained to conduct this study from the Institutional
Review Board for Human Subjects (approval number: E-18-2025,
date: 26.06.2018).

Patients were eligible if they had unilateral, stage I-III BC, unilateral
stage IT arm lymphedema and arm volume difference of 5-20% on the
affected side after BC surgery. Exclusion criteria were: Patients with
stage IV BG; bilateral BC; bilateral lymphedema; stage I (spontaneous
reversible), late stage II (spontancous irreversible with fibrotic changes)
or stage III lymphedema; skin infection or lesion in the arms; diseases
of the cardiovascular, pulmonary, renal, hepatic, other skin and allergic

diseases; and patients who had received lymphedema treatment in the
last six months. Patients were also excluded if there was a history of

band-aid or skin allergy.

The study was performed with 60 patients who reed to participate
in the study. Six of the patients did not meet the study criteria, the
other 6 patients were not included in the study due to transportation
problems. The participating patients were randomly divided into three
groups using numbered envelopes with the shooting method. The
patients were divided into groups of 15, 18 and 15 people according to
the treatment protocol in the envelope they took. Before the treatment
of patients in the kinesio-taping group, a 4x1 cm-sized kinesio-tape
was applied to the volar surface of the forearm to test for kinesio-tape
allergy. After the tape was removed the next day, the skin was examined
and three patients with allergic skin reactions were excluded from the
study. The flowchart of the study was shown in Figure 1.

Each physical therapy session was performed by the same therapist,
for five days a week for three weeks. All patients were educated about
self-massage, skin care and precautions for lymphedema using both
face-to-face information and printed materials. At the end of the each
physical therapy session, multi-layer bandaging was performed in all
groups (Figure 2). Patients were informed about wearing bandages for
23-24 hours daily. After bandaging, supervised lymphedema exercises,
including hand squeezing using green egg soft-ball (Erlegen, Turkey),
and active resistive exercises for shoulder, elbow and wrist joints using
green resistance tape (Thera-band’, Germany) were administered to
all patients.

In the MLD group, MLD using Vodder’s massage technique was
applied to the patients approximately 30—45 minutes by the same
certified lymphedema therapist (18). After MLD, multi-layer
bandaging was applied to these patients.

Kinesio-taping and multilayer bandaging was performed in the
second group of patients. Diagonal direction of fan-cut kinesio-tape
was applied from proximal to distal using the lymphedema kinesio-
taping technique of paper-off tension (19-21). The anchor for the first
kinesio-tape on the volar arm was placed to front side of the shoulder.
The fan-like ends of the first kinesio-tape were directed to the elbow
towards the lateral epicondyle. The rear of the shoulder was used as
the anchor point for the second kinesio-tape for the dorsal arm. After
the anchor was positioned, the arm kinesio-tape was fixed to the back
of the shoulder, the fan-like ends were directed towards the medial
epicondyle. The third kinesio-tape for the forearm was anchored to the
end of the first kinesio-tape, that is, the lateral epicondyle, and the fan-
like ends were directed towards the dorsal forearm and adhered to the
medial side of the wrist. Then, the fourth kinesio-tape for the forearm
was applied with the anchor starting from the medial epicondyle, with
the fan-like ends directed towards the volar forearm to the lateral side
of the wrist. Finally, the fifth and sixth kinesio-tapes for the hand
were started on the ulnar and radial side of the wrist and the fan-like
ends were terminated through the dorsum of the hand to between the
fingers. The kinesio-taping applications of the patients were performed
by the same therapist and were renewed twice a week (Figure 3a and
3b). After kinesio-taping, multilayer bandaging was also applied to the
patients in the kinesio-tape group.

Patients in the low-level laser group received LLLT and multilayer
bandaging by the same therapist. A power density of 30 mW/cm?
and a square centimeter density of 1.5 J/cm? for 1 minute Gallium-
Aluminum-Arsenid laser (Ga-Al-As) (BTL-5000, BTL industries
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Figure 1. The flowchart of the study

Figure 2. Finger wrap, tubular stockinette, cotton wrap, forearmshort-stretch

Bandage, arm short-stretch bandage of multi-layer bandaging were applied to all groups

Ltd. Hertfordshire, UK) was applied directly using a grid technique.
Patients were placed in the supine position with the arm in 90 degrees
abduction. LLLT was applied to a total of 12 points in the axillary
lymphatics or armpit region and eight points in the cubital lymphatics
or volar elbow area, to be applied to each point for one minute, the
whole procedure taking 20 minutes (22, 23). After LLLT, multilayer
bandaging was also applied to the patients in LLLT group.

After 15 sessions of the different treatments detailed, flat-knitted
lymphedema garments with pressure level of CCL2 (30-40 mmHg)
(Medi GmbH’, Bayreuth, Germany) were prescribed to all patients for
the maintenance phase. Patients regularly performed skin care, self-
massage, day-worn compression garments and lymphedema exercises

in the maintenance phase.

Patients

Demographic data of the patients, including personal information,
such as age, sex, height (m), weight (kg), body-mass index (kg/m?),
occupation, marital status, education level, caregiver support, and co-
morbidities, and disease characteristics and lymphedema history were
recorded.

Outcomes

Patients were evaluated at four time-points: Baseline; end of the
treatment; and four and 12 weeks after the end of the treatment by
the same physician. Volumetric measurements of arms were calculated
from circumferential measurements using the formula for a truncated
cone. Patients completed three questionnaires: Lymphedema Quality
of Life Tool (LYM-QoL ARM); Quick DASH for assessment of
upper extremity disability; and neuropathic pain was assessed with the
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Figure 3. Kinesio-taping with lymphedema tegnique

pain detect questionnaire (PDQ). Joint range of motion (ROM) was
assessed using plastic goniometer in shoulder joint.

Circumferential Measurement and Volume Calculation

Circumferential tape measurements of both arms were taken in 4-cm
intervals starting from the ulnar styloid to the axilla while the patient
was sitting in a sturdy chair with shoulder flexed at 90 degrees by a
single physician. Circumferential measurements were made at every
point with zero tension and without compression using non-flexible
measuring tape.

The circumference measurement of both arms was recorded in each
examination for volumetric calculations using the truncated cone
formula. This technique is a valid and reliable method correlated
with volumetric measurements (24, 25). Excess volume was defined
as the difference between pre-treatment lymphedematous arm volume
(LV) and pre-treatment healthy arm volume (HV) and the percentage
of volume difference was preferred in evaluating the severity of
lymphedema because the percentage of volume difference (PVD)
showed the severity of lymphedema better than volume excess (24).
The PVD formula was used to calculate the percentage of volume
difference, which is an indicator of lymphedema severity (24, 25).

PVD =100 x (LV-HV)/HV

(PVD: The percentage of volume difference or the severity of
lymphedema) (24). The treatment success or response to lymphedema
treatment was evaluated with the PDV as summarized below: PDV =
100 x (Pre-treatment arm volume — Post-treatment arm volume)/(Pre-
treatment arm volume)

[PDV: The percentage of decreased volume (PDV) or the treatment
success]

Functional Status of the Upper Extremity

In order to determine the functional level of the upper extremity,
the 11-item Quick-DASH (disability of arm, shoulder and hand)
questionnaire, which measures physical function and symptoms and is
self-completed, was used. Each item offers can be scored on a5-point
scale and at least 10 out of 11 questions must be answered in order to
calculate the Quick DASH score (26, 27).

Quality of Life

LYM-QoL-Arm questions are grouped under four areas: Function,
appearance, symptom and mood. It consists of 21 questions and the
last question consists of the “general quality of life” scale (QoL). The
item scoring in each area is: Nothing = 1, a little = 2, much = 3, a lot
= 4. The total score for each area is calculated by adding all scores
together and dividing by the total number of questions answered.
Higher scores indicate lower quality of life. The final question on
general quality of life (QoL) is scored between 0 and 10. Higher scores
for the final question indicate a better overall quality of life (28, 29).

Neuropathic Pain

The PDQ is a patient-based, easy-to-use, 4-item questionnaire
originally developed in German. The final score is scored between 0
and 38 points. Below 13 means no neuropathic pain, between 13 and
19 indicates uncertainty for neuropathic pain, and a score of more
than 19 indicates possible neuropathic pain component (30, 31).

Shoulder Range of Motion

A standard plastic goniometer was used to measure ROMs for active
shoulder flexion, abduction, and external rotation. The measurement
was made on the examination table while the patient was lying down
in the supine position. The reliability of the goniometric measurement
technique for evaluating shoulder ROM has been previously
demonstrated (32).

Power Analysis

After the criteria of the study were determined, the change in power
analysis using G-power 3.1 version was taken as 5%, 6%, and 7%
for each group, respectively, and the effect size was 0.56. In a study
comparing the difference between three independent averages using
the ANOVA test when the alpha error rate was 0.05 and the power was
0.91 (1-beta), the size of the groups was determined as 15 (33). A total
of 60 patients with upper extremity lymphedema were included in the
study by calculating 30% more than the specified group size.

Statistical Analysis

The data collected from the patients were entered into the SPSS 21.0
package program (IBM Inc., Armonk, NY, USA), a data set was created
and statistical analysis was performed. Descriptive statistics [frequency,
percentages, means + standard deviations, median (range between
quarters)] of the variables were indicated with tables. Conformity to
normal distribution was determined by Kolmogorov—Smirnov and
Shapiro—Wilk tests in order to determine whether the variables met
the parametric test assumptions.

After determining that the variables fit the normal distribution, for
pairs Student’s t—test and ANOVA test were used for more than
two groups. ANOVA test if the difference between the groups was
found to be significant after the post-hoc comparisons were made
in order to determine that it originated from the group Bonferoni
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paired comparison test was continued. Repeated measures ANOVA
test was performed for repeated measures for parametric variables. If
significance was found after performing the ANOVA test in repeated
measurements Bonferoni to determine at what time the difference is
due to the measurement corrected Bonferoni corrected paired Sample

t—test was performed.

After determining that the variables do not fit the normal distribution
binary groups the Mann—Whitney U test was used for each group, and
the Kruskal-Wallis H test for more than two groups. If the difference
between the groups was found to be significant after the Kruskal—
Wallis H test, Pairwise comparisons were made to determine which
group the difference originated from. Dunn-Bonferoni pairwise

comparison test was used.

Friedman test was used for non-parametric repeated variables.
Significance after Friedman test determined, to determine at what
time the difference was due to measurement. Wilcoxon test with
Bonferoni correction was performed. The chi-square test was used
for the comparison of categorical variables. A p value of <0.05 was

considered statistically significant.

Results

Demographic characteristics of patients are shown in Table 1. There
were no significant differences between groups in terms of age (p =
0.297) and body mass index (BMI) (p = 0.144). Distribution of obese,
overweight, and normal BMI patients were different between groups
(p = 0.043). The frequency of obese patients was n = 11 (73.3%) in
the MLD Group, n = 3 (20%) in the kinesio-taping group, and n = 9
(60%) in the LLLT group. This was significantly different between the
kinesio-tape and the MLD groups (p = 0.01).

There was no difference between the treatment groups in terms of
regarding lymphedema characteristics, BC surgery and BC-related
treatments (see Table 2 and Table 3).

The improvement in the lymphedema arm volume or treatment success
was determined by calculating the percentage of decreased volume
(PDV). The percentage of improvement and subsequent change in the
lymphedema arms of patients is summarized in Table 4. Compared the
three groups, the PDV or treatment success was significantly higher
in the kinesio-taping group than the MLD group at the end of the
treatment, and four weeks and 12 weeks after treatment (p = 0.009, p
=0.039, and p = 0.042, respectively).

All LYM-QoL measures at follow-up showed significant improvement
in the kinesio-taping group (» = 0.007, p = 0.005, and p = 0.002,
respectively). Change in LYM-QoL values showed a significant
decrease at the end of the treatment and 4 weeks after treatment (p =
0.022 and p = 0.043, respectively) in the MLD group. A significant
decrease was found only at the end of treatment when compared to
before treatment in the LLLT group (p = 0.043).

No significant differences were found in intergroup comparisons of
LymQoL values at the end of the treatment, and at the fourth and
twelfth weeks after treatment (p = 0.650, p = 0.874, and p = 0.326,
respectively) (Table 5).

There were significant improvement in Quick-DASH scores in both
the kinesio-taping and LLLT groups at the end of the treatment,
and at the fourth and twelfth weeks after treatment (p = 0.003, p =
0.016, respectively). A significant decrease was found at the end of
the treatment in quick-DASH scores in the MLD group (p = 0.008).

No statistically significant intra-group and inter-group differences
were found in the improvement of Quick DASH scores between

Table 1. The comparison of demographics of patients in the three treatment groups. Data are given as n (%) unless otherwise

stated

Mean = SD
(min-max)
Mean £ SD
(min—-max)

Obese*

Age (years)

Body mass index (BMI)(kg/cm?)

BMI classification Normal
Overweight
Housewives*
Occupation
Office workers
Literate
Primary school
Education level Middle school
High school

University

MLD (a) Kinesio (b) LLLT (c) p-value
57.649.5 51.4+10.7 55.3+12.1
(35-70) (27-67) (33-78) 0297
31.5+4.1 28+4.2 31.147
(24.5-37.4) (22.2-36.4) (19.6-46.7) 0144
11 (73.3) 3 (20) 9 (60) 0.043*
1(6.7) 4(26.7) 3(20)
3(20) 8 (53.3) 3(20)
15 (100) 12 (80) 15 (100) 0.043*
0(0) 3(20) 0(0)
5(33.3) 1(6.7) 2(13.3) 0.522*
6 (40) 7 (46.7) 7 (46.7)
1(6.7) 1(6.7) 2(13.3)
2(13.3) 2(13.3) 3(20)
1(6.7) 4(26.7) 1(6.7)

SD: standard deviation; Min—-max: minimum — maximum; *: statistically significant difference between the kinesio-taping and MLD groups; *: chi-square test;
w: ANOVA test for normal distribution; MLD: manual lymphatic drainage; LLLT: low-level laser theraphy
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Table 2. Lymphedema characteristics of patients

MLD (a) Kinesio (b) LLLT (c) p-value p-value
Right 6 (40) 7 (46.7) 6 (40) 0.913
Affected extremity
Left 9 (60) 8 (53.3) 9 (60)
Dominant 10 (66.7) 8(53.3) 7 (46.7) 0.533
Affected extremity
Non-dominant 5(33.3) 7 (46.7) 8 (53.3)
Mean £ SD 70.9+54.8 24+26.7 53.4+58 *avs b=0.011
Duration of lymphed th Median
uration of ymphedema (months) 54 (35-112) 13 (6-26) 31(13-80)  0.014 avs c=0.852
(25-75 Cl)
Min-max 4-200 1-95 6-215 b vs c=0.205
Mean £ SD 81.3+52.4 81.3+128.8 67.1+£54.7
Postoperative time (month Median
ostoperative time (months) 64 (50-122) 32.1(18-72) 49 (30-86)  0.197
(25-75 Cl)
Min-max 6-180 6-480 19-216
Mean £ SD 29.3+30.6 59.7+127.3 14.5£17.7
Postoperative time to diagnosis of Median
lymphedema (months) (25-75 Q) 24 (4-46) 12 (5-34) 12 (6-13) 0.286
Min—-max 1-121 1-454 1-64
avs b=0.017
Carea No 10 (66.7) 2 (13.3)* 4(26.7) 0.020 avs c=0.753
aregiver support bvs c=0.214
Yes 5(33.3) 13 (86.7) 11 (73.3)
avs b=0.012
Caregiver support of spouse avs c=0.841
: iz = 2(133) 10 (66.7)* 8 (53.3)
b vs ¢=0.209
Caregiver support of daughter 0(0) 1(6.7) 2 (13.3)
Caregiver support of sister 1(6.7) 2 (13.3) 1(6.7)
Health professional 2 (13.3) 0(0) 0(0)
Yes 1(6.7) 3(20) 1(6.7) 0.407
Garment non-adherence
No 14 (93.3) 12 (80) 14 (93.3)

SD: standard deviation, Median (25-75% Cl): median (1 Quarter — 3" Quarter value)
Min—-max: minimum — maximum; *: significantly different from the MLD group; MLD: manual lymphatic drainage; CI: confidence interval; LLLT: low-level laser

theraphy

groups at follow-up periods including end of the treatment, and fourth
and twelfth weeks after treatment (p = 0.872, p = 0.720, p = 0.422,
respectively) (Table 6).

PDQ scores at baseline were 17+13.9 in the MLD group, 18.5£11.6 in
the kinesio-taping group, and 16+13.1 in the LLLT group (p = 0.871).
When the groups were evaluated within themselves, a significant
decrease was found in all three groups only end of the treatment
compared to baseline (p = 0.011, p = 0.028, p = 0.007, respectively).

No significant differences were found in the improvement in PDQ
scores of groups at the end of the treatment, and fourth and twelfth
weeks after treatment between groups (p = 0.475, p = 0.600, p = 0.601,

respectively).

No significant limitation was found in shoulder ROM both at the

beginning and follow-up in any patients.

Discussion and Conclusion

The results showed that all treatment modalities, including MLD,
kinesio-taping and LLLT, were safe and effective in the treatment
of stage II breast-cancer related lymphedema at follow-up until 12
weeks after treatment. Kinesio-taping was similarly effective as LLLT
and more effective on PDV compared to MLD in the present study.
All of these treatment methods were similarly effective on quality of
life, upper extremity disability and neuropathic pain. In addition, we
observed that the treatment success was greater in patients who did

not receive adjuvant chemotherapy compared to those who received it.
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Table 3. Breast ca surgery and related treatment characteristics of patients

Breast ca pathology

Breast ca stage

Breast ca surgery

Axillary surgery type

Dissected lymph node (n)

Metastatic lymph node (n)

Radiation therapy

Axillary radiation

Radiation dose (centigray)

Chemotherapy

Adjuvant chemotherapy

Neo-adjuvant chemotherapy

Type of chemotherapy

Endocrine therapy

Type of endocrine therapy

Invasive ductal cancer

Invasive lobular cancer

Stage 1
Stage 2
Stage 3

Breast conserving
surgery

Modified radical
mastectomy

Axillary lymph node
dissection

Sentinel lymph node

biopsy
Mean + SD
Median (25-75 Cl)
Min-max
Mean + SD
Median (25-75 Cl)
Min-max
n (%)
No
Yes
n (%)
No
Yes
Mean + SD
Median (25-75 ClI)
Min-max
No
Yes
Mean + SD
Median (25-75 Cl)
Min-max
No
Yes
AC
ACT
CAF
No
Yes

Tamoxifen

Aromatase inhibitors

MLD (a)

15 (100)
0 (0)
1(6.7)
10 (66.7)
4(26.7)

3(20)

12 (80)

14 (93.3)

1(6.7)

18.5+7.1
18 (16-23)
1-33
6.319.6
2 (0-10)
0-31

0(0)
15 (100)

2(13.3)

13 (86.7)
6173.3+2505.8
6000 (5000-6000)
5000/15000
2 (13.3)

13 (86.7)
6.842.4
8 (4/8)
4/12
13 (86.7)
2(13.3)
1(7.7)

6 (46.2)

6 (46.2)
5(33.3)

10 (66.7)

4 (40)

6 (60)

AC: doxorubicin + cyclophosphamide, ACT: doxorubusin + cyclophosphamide + docetaxel,

CAF: cyclophosphamide + doxorubicin + fluoro-uracil, SD: standart deviation, median (25-75% Cl): (1t quartile-3 quartile), Min—-max: minimum — maximum;

Cl: confidence interval; MLD: manual lymphatic drainage; ; LLLT: low-level laser theraphy

Kinesio (b)

13 (86.7)
2(13.3)
2(13.3)
8 (53.3)
5(33.3)

9 (60)
6 (40)
15 (100)

0(0)

19.5+£10.9
16 (12-23)
5-41
4.8+7.6
2 (0-7)
0-25

2(13.3)
13 (86.7)

6 (42.9)
8 (57.1)
5123.1£1094
5000 (5000-6000)
3000/6600
1(6.7)
14 (93.3)
7.1£32
6.5 (4/8.3)
4/16
12 (80)
3(20)
5(35.7)
6 (42.9)
3(21.4)
6 (40)
9 (60)
8 (80)
2 (20)

LLLT(c)

14 (93.3)
1(6.7)
4(26.7)
8 (53.3)
3(20)

5(33.3)

10 (66.7)

15 (100)

0(0)

20+6.3
20 (14-23)
12-31
2.9+4.2
2 (0-3)
0-17

3(20)
12 (80)

6 (40)

9 (60)
5083.3+1083.6
5000 (5000-6000)
3000/6000
0(0)

15 (100)
7.5+4
6 (4/8)
417
13 (86.7)
2(13.3)
5(33.3)

6 (40)
4(26.7)
5(33.3)

10 (66.7)

8 (80)
2(20)

p-value

0.343

0.591

0.071

0.360

0.745

0.961

0.207

0.164

0.388

0.343

0.995

0.844

0.405

0.908

0.091
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Table 4. Percentage of decreased volume (PDV) and subsequent changesat follow-up of end of the treatment (1), 4* weeks (2)
and 12t weeks (3)

Percentage of MLD (a) Kinesio (b) LLLT (c) p-value p-value
decreased volume

Mean = SD 2.948.7 10.3+5.2 8.7x4.7 0.008% a vs b=0.0091
PDV (1) Median 2(3/9) 10 (5/14) 9 (5/12) avs c=0.059¢

(25-75 CI)

Min-max -14/17 4/21 1/18 b vs ¢=0.999¢

Mean + SD 0+12.3 8.218 4.9+8.4 0.04% avs b=0.039Y
PDV (2) Median 1 (-1/4) 9(3/14) 72/10) avs ¢=0.284Y

(25-75 Cl)

Min-max -33/24 -8/21 -15/16 b vs ¢=0.999¥

Mean = SD 4.1+£11.9 9.4+8.3 7.4%5.8 0.042* a vs b=0.042Y
PDV (3) Median 2 (0/6) 11 (5/15) 8 (5/10) avs c=0.238Y

(25-75 Cl)

Min-max -23/27 -12/22 -7/18 b vs c=0.999Y

p-value 0.175z 0.945z 0.111z

PDV (1): decreased volume percentage after treatment; PDV (2): decreased volume percentage 4 weeks after treatment; AVY (3): decreased volume percentage 12 weeks
after treatment;

SD: standard deviation; Median (25-75% Cl): median (1t Quarter value/3r¢ Quarter value); Min-max: minimum — maximum; *: ANOVA test; *: Kruskal-Wallis test; 9 post-hoc
Bonferoni test; = Friedman test; :Dunn-Bonferoni Pairwise comparison test; Cl: confidence interval; MLD: manual lymphatic drainage; ; LLLT: low-level laser theraphy

Table 5. Inter- and intra-group comparisons for LymQoL change (%)

LymQoL MLD(a) Kinesio (b) LLLT (c) p-value
Mean £ SD -9.14+7.87 -11.97£10.95 -11.06£16.27
Median
End of the treatment -8.57 (-13.39-0) -11.63 (-16.97/-5.88) -3.85 (-17.39/0) 0.650v
(25-75 Cl)
Min-max -21.74/0 -44.83/0 -61.29/0
Mean £ SD -8.8318.33 -13.77£16.99 -11.06£16.62
Median
4th weeks after treatment (25-75 Q) -11.43 (-13.39/0) -9.28 (-21.21/-1.64) -11.61(-23.24/0) 0.874v
Min—-max -21.74/2.86 -56.12/5 -44.52/16.75
Mean £ SD -7.78+7.49 -14.58+£13.11 -11.02£13.33
Median
12t weeks after treatment -10 (-13.39/0) -12.69 (-21,51/-5.88) -8.39 (-17.39/0) 0.326%
(25-75 ClI)
Min-max -20/2.86 -49.25/0 -41.94/0
p-value 0.368 x 0.180 x 0.223 x

SD: standard deviation, Median (25-75% Cl): median (1t Quarter value/3" Quarter value), Min—max: minimum-maximum, *: Kruskal-Wallis testi; x: Friedman
test; Cl: confidence interval; MLD: manual lymphatic drainage; ; LLLT: low-level laser theraphy

There is no head-to-head comparison study for these three treatment  effects of MLD on the quality of life were not clear but it was effective

methods in the literature. However, there are some studies evaluating  in volume reduction (35).

the effectiveness of each treatment methods (7-14). In a cochrane

review, it was shown that compression therapies (multilayer bandaging, The kinesio-taping technique used to support lymphatic drainage

compression garments, intermittant pneumatic compression) should ~ is a relatively new option in the field of physical therapy (14).

be used in all stages of lymphedema treatment (34). It was reported
that MLD contributed 7% to compression treatments in this review.

In another systematic review conducted in 2018, it was stated that the

Although kinesio-taping is a relatively new treatment modality, its
use for lymphedema control is becoming more common. Kinesio-

tape has some physiological effects, such as reducing pain and

41
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Table 6. Inter-group comparison of Quick DASH changes (%)

Quick DASH MLD (a) Kinesio (b) LLLT (c) p-value
Mean = SD -19.57+26.37 -18.24+14.82 -18.66+21.64
End of the treatment Median (25-75 Cl) -12 (-26.67/0) -23.53 (-29.17/0) -12.5 (-36.36/0) 0.872%
Min—-max -100/0 -42.11/0 -60/0
Mean = SD -12.07£14.74 -16.51+19.01 -19.4+24.1
4t weeks after treatment Median (25-75 Cl) -10.53 (-25/0) -14.29 (-29.17/0) -12.5 (-45.45/0) 0.720%
Min—-max -45/6.67 -62.96/0 -60/16.67
Mean = SD -9.18+13.91 -15.98+19.97 -16.6+£19.4
12t weeks after treatment Median (25-75 Cl) 0(-15.79/0) -8.33 (-25/0) -8.7 (-36.36/0) 0.422%
Min-max -45/0 -70.26/0 -50/0
p-value 0.175x 0.945x 0.111x

42

SD: standart deviation; Median (25-75% Cl): median (15t Quarter value / 3" Quarter value); Min-max: minimum-maximum; *: Kruskal-Wallis testi; *: Friedman
test; Cl: confidence interval; MLD: manual lymphatic drainage; ; LLLT: low-level laser theraphy

abnormal sensory sensitivity, supporting the movement of muscles,
and preventing congestion of lymphatic fluid or hemorrhages under
the skin. After kinesiotape is applied, the kinesio-taped area creates
convolutions and increases the space between the skin and muscles
(36). With the lymphatic application technique of kinesio-taping, the
skin is removed and the area between the dermis and fascia is opened,
so that the lymphatic drainage effect continues for 24 hours (13).
When the physiological effects, such as capillary filtration reduction
are analyzed, it has been suggested that kinesio-taping is more similar
to compression therapy (13). In our study, it was seen that kinesio-
taping was obviously effective in volume reduction. When we look
at the treatment success measured by PDV in the affected limb, it
was found to be significantly more effective than MLD, causing
improvement immediate after treatment, and at four and twelve weeks
after treatment. However, the patient characteristics, such as longer
duration of lymphedema, lesser spouse support, more obesity and
more houewive profiles in the MLD group compared to the those of
kinesio-taping group are confounders and might explain the worse
response to treatment.

In a meta-analysis examining the effectiveness of kinesiotape in BCRL,
studies conducted between 2009 and 2016 were evaluated. In total,
seven studies met the criteria and it was stated that kinesio-taping was
effective in the treatment of lymphedema due to breast cancer, but it
was not superior to other treatments (37).

A meta-analysis investigating the effectiveness and safety of kinesio-
taping in cancer-related lymphedema reported that the frequency of
kinesio-tape related skin reactions was between 10% and 21%. It
has been stated that the quality of life is better and kinesio-taping
is not more comfortable in those who have made multilayer short-
stretch bandaging (38). In our study, skin reaction due to kinesio-tape
was observed in 3 (16.6%) of 18 patients. This relatively common
occurrence of skin reactions in patients is in keeping with previous
reports. This type of common reaction might limit the use of kinesio-
taping for treatment of BCRL.

LLLT has been used worldwide since 1995 and was approved by the
FDA in 2007. Laser therapy is believed to increase the contractility of
lymphatics, which allows the transport of lymph fluid by stimulating

lymphangiogenesis and lymphatic motoricity, softening fibrotic
tissues, and increasing macrophage activity. By these mechanisms, it
allows the flow of fluid into the extracellular space (10, 11). Its effects
are considered to be chronic rather than short term (39).

In a meta-analysis published in 2017, where the effectiveness of LLLT
in BCRL was investigated, it was reported that LLLT is more effective
than sham laser treatment in reducing the limb volume and its effect
on pain is also greater than sham laser therapy, in the short term (23).
Another meta-analysis of LLLT in BCRL reported that the decrease in
the limb volume was statistically and clinically significant in the groups
in which low-dose laser therapy was added, and there was a some
decrease in pain with low-dose laser therapy, but the evidence that it
provided an additional effect to other treatments was not sufficient
(40). A systematic review showed that LLLT may offer additional
benefits compared to compression therapies (pneumatic compression
or compression bandage), a placebo laser, or no treatment for patients
with BCRL. However, LLLT did not appear to significantly improve
outcomes when compared to with other types of active interventions

(11).

Although there are some studies in the literature comparing the
components of CDT, the standard treatment method in lymphedema,
to the best of our knowledge, there is no study comparing LLLT,
kinesio-taping and MLD in a single study. Thus we belive this is the
first published study to directly compare kinesio-taping, MLD and
LLLT.

The strengths of our study are the similarities of age, education level,
diagnosis and treatment characteristics of the breast cancer, dominant
extremity involvement, compression garment compliance, baseline
lymphedematous extremity volumes and stage of lymphedema in all

patients.

Limitations include the relatively low number of patients, and short
follow-up of this study. Further limitations are the heterogeneity of
some group characteristics including rates of obesity and housewife

occupations, more chronic cases and less care-giver support in the

MLD group.
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Lymphedema is a chronic, progressive and disabling disease that needs
self-management, including skin care, self-MLD massage, compressive
garments, and exercises. Since MLD is time-consuming and tiresome,
alternative treatments, such as kinesio-taping and LLLT should be
considered. This study has demonstrated a similar effectiveness in
treatment of early stage lymphedema.
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