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Quality of life is decreased in patients with lll. Pa-
tients experience decreased mobility, social isolation, 
stress, hopelessness and constraint in social relation-
ships.3 Decreased quality of life, self-image, decrease 
of self confidence, depression and anxiety have been 
reported in gynecologic cancer survivors with lll.4, 5

Undiagnosed and untreated lymphedema might cause 
serious consequences.6 therefore, early detection and 
early therapy of lymphedema are of great importance 

Chronic lymphedema is a condition as a result of dis-
functionality of lymphatic system causing visible 

changes in skin and accumulation of protein-rich fluid in 
interstitial space.1 Primary lymphedema affecting lower 
limbs can manifest at any time throughout the life. Sec-
ondary lower limb lymphedema is a common conse-
quence after pelvic cancer surgery. It was reported that in-
dividuals who undergo pelvic cancer surgery experience 
lower limb lymphedema (lll) at the rate of 20-30%.2
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a B S t r a C t
BaCKgroUnD: lymphedema of lower limbs is a chronic condition that requires life-long management. therapeutic effect of complex decon-
gestive physiotherapy (CDP) is most often followed by circumference measurements (CM). However, the CM measurements are not specific to 
interstitial tissue fluid and have problems in sensitivity and objectivity. The aim of present study was to evaluate the therapeutic effect of CDP 
with a new tissue water specific measurement technique, in patients with lower limb lymphedema (LLL).
MetHoDS: a total of 17 patients with unilateral lll (11 primary, 6 secondary lymphedema) were recruited in this study. CDP was applied for 5 
days a week for 4 weeks. CM measurement of both limbs was performed at nine sites along limb by tape measure. Percentage skin water content 
(PWC) of thigh, calf and ankle was measured in affected lymphedema limb and contralateral limb with MoistureMeterD Compact (MMDC) 
device. Inter-limb PWC ratio was calculated by dividing affected side’s PWC value with PWC of contralateral limb. Patients were asked to 
fullfill the Lymph Quality of Life Questionnaire.
RESULTS: Significant reduction of circumference after CDP was detected at all nine measurement sites along lower limb (P<0.01). PWC meas-
urements showed a significant decrease of skin tissue water at thigh, calf and ankle measurement sites after CDP (P<0.001). Inter-limb PWC 
ratios demonstrated significant reduction of edema between affected and contraletral limbs post-treatment (P<0.003). CDP also increased the 
quality of life (P=0.006).
CONCLUSIONS: CM and PWC measurements reflected a positive effect of CDP in patients with LLL. Both absolute PWC values and inter-
limb PWC ratios were meaningful tools to follow the effect of therapautic intervention. Compared with CM measurements the tDC technique 
offered easier, quicker, objective and more practical measurements for routine assessments of LLL.
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approval was granted from the the Social Sciences eth-
ics Committee of abant Izzet Baysal University (“In-
vestigation of the relationship Between lymphedema 
Severity and Kinesiophobia,” protocol no. 2015/150, 
09-12-2015). Informed consent was obtained from all 
individual participants included in the study.

Patients were recruited from lymphedema outpatient 
clinic in abant Izzet Baysal University School of Physi-
cal therapy and rehabilitation, Bolu, turkey. Patients 
who met inclusion criteria (male or female with unilat-
eral lll, age 18-75 years) were invited to participate 
in this study. Of 31 patients fulfilling inclusion criteria 
six patients were excluded because of bilateral lymph-
edema, three patients because of active infection, three 
patients living far from the hospital, one patient refused 
to be recruited and one patient had heart surgery during 
recruitment. the study then included 17 patients. Power 
analysis was conducted for 80% power yielding to a 
sample size of 15 participants. Sample size calculation 
was done using g*Power v. 3.1.15

of 17 recruited patients, 14 were females and 3 males. 
eleven patients had a primary lll, 6 had a secondary 
lll. according to International Society of lymphol-
ogy classification majorirty of patients (82.3%) were 
belonging to grades 2 or 3. Duration of lymphedema 
varied from immediate onset to more than 10 years 
post-surgery.

Assessments related to quality of life

Quality of life was evaluated using the lymph Qual-
ity of life Questionnaire (lyMQol), which is consid-
ered a valid and reliable disease specific tool consist-
ing of questions on symptoms, body image/appearance, 
function and mode, respectively.16 altogether the 
lyMQol questionnaire has 26 questions. each ques-
tion should be answered “not at all,” “a little,” “quite a 
bit,” and “a lot.” Higher points of lyMQol indicates 
worse quality of life while lower points indicate good 
quality of life. general quality of life measurement was 
done with lyMQol-VaS questionnaire with a scale 
ranging from zero to ten. Patients were asked to fill 
questionnaire for grading his/her general quality of life. 
Increased points indicated better general quality of life 
while decrease indicated worsening of general quality 
of life.

to prevent progression to a chronic condition. there 
are a number of methods to evaluate edema severity 
in extremities. these are based on metric and volume 
measurements, electrical impedance and commercial 
limb circumference techniques. the methods have ad-
vantages in simplicity but disadvantages in sensitivity 
and specificity.7 early lymphedema characterized with 
the accumulation of protein-rich fluid in skin and sub-
cutis cannot always be diagnosed with these methods. 
Therefore, localized, objective, easy and quick evalua-
tion tools are needed for early detection of lymphedema 
in superficial tissues.

the tissue dielectric constant (tDC) technique of-
fers a possibility to trace early changes of lymphedema. 
Depending on the applied tDC instrument the method 
provides measurement of tissue water content at ef-
fective penetration depths ranging from 0.5 to 5.0 mm 
with a coaxial line reflection technique at 300 MHz. The 
300-MHz signal is generated in the control unit and then 
guided via a coaxial line to the probe in contact with skin. 
The reflected electromagnetic wave is then processed in 
the control unit to calculate tissue dielectric constant of 
the measurement site. Vacuum and pure water have di-
electric constants 1 and 78.5 at room temperature, re-
spectively. thus the tDC scale ranges from 1 to 80.8

tDC technique has been used for detecting changes 
in tissue water content in skin and subcutis. the inter-
class coefficient in lower limb measurement has been re-
ported to be high.8-10 Most tDC studies have been con-
ducted in patients with upper limb lymphedema.8, 11, 12 
only few studies are related to the follow-up of effect of 
lymphedema treatment in lower limbs.9, 13

the tDC method may offer advantages for therapeu-
tic practice if one can easily detect the sites of edema 
and follow effects of applied therapy practically at all 
body sites.8, 11, 13 evaluation of treatment effects with-
out appropriate tools might lead to biased treatment ef-
fects.14 thus, this study was aimed at evaluating treat-
ment effects of lll with tDC method.

Materials and methods

all procedures performed in studies involving human 
participants were in accordance with the ethical stan-
dards of the institutional and/or national research com-
mittee and with the 1964 Helsinki declaration and its lat-
er amendments or comparable ethical standards. ethical 
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to a computer. time of one measurement was approxi-
mately 3 seconds. thus, triplicate measurements of one 
site took for 15 seconds.

Inter-limb tDC ratios were calculated for each mea-
surement site by dividing affected side’s tDC value 
with tDC value of non-affected contralateral side. In-
creased tDC ratio indicates greater swelling of lymph-
edematous limb.8 Patients were measured in room tem-
perature of 25 °C.

Treatment procedure

Complex decongestive physiotherapy (CDP) concept 
is considered a gold standard in lymphedema manage-
ment. CDP consist of manual lymph drainage (MlD), 
skin care, compression bandages (CB) and exercise. 
Initially, CDP was applied in five days a week for 4 
weeks. In the second phase, compression bandages are 
changed with compression stockings. In our practice, 
MlD treatment schedule also differed in patients with 
primary and secondary lymphedema.

Patients with primary lymphedema had MlD scheme 
as follows: first neck then side of abdomen’s MLD was 
applied with paying attention to contraindications. Suc-
tion force was intensified with breathing exercises in 
ductus thoracicus. related side interinguinal and axillo-
inguinal anastomose pathways were facilitated in both 
from dorsal and ventral side. after opening the anasto-
mose ways, MlD was applied to the swollen limb. ex-
cessive fluid was directed to opened anastomose ways 
from lateral side of the leg.

Participants who have secondary lymphedema had 
MlD scheme as follows: same procedure with primary 
ones was conducted except for a few differences. Side 
of abdomen’s MlD could not be applied beacuse of 
radiotherapy. Besides, interinguinal anastomose way 
could not be used because of the excision pelvic lymph 
nodes associated with the cancer surgery. the rest of 
procedure except for those was the same for secondary 
lymphedema cases, too.

after MlD, skin care was applied. lower extremi-
ties were handled with a moisturizer of pH 5.5 followed 
by the simultaneous use of compression bandages and 
exercise. After intensive phase, individually fitted com-
pression stocking were used.

Physical measurements

CirCumferenCe measurement

CM measurement was conducted with a leg-o-Meter 
apparatus.17 a non-elastic tape measure was used. nine 
reference points were marked on limb’s skin with a soft 
pen. these points were head of metatarcal bone (r1), 
heel (r2), ankle (r3), distal beginning point of calf 
muscle (r4), middle point of calf muscle (r5), head of 
fibula (R6), middle line between knee and ankle (R7), 
middle point of the quadriceps femoris muscle (r8) 
and groin (r9). Circumference of affected lymphede-
ma limb and non-affected healthy limb were measured. 
Distance between levels of CM measurements was re-
corded for post-treatment measurements.

tDC measurement

tDC measurement was performed with MoistureMe-
terD Compact device (MMDC, Delfin Technologies, 
Kuopio, Finland). the MMDC is a portable device with 
an integrated probe. a high-frequency electromagnetic 
(eM) wave generated by the device is guided into skin 
by placing the probe in contact with skin. Since the ef-
fective depth of measurement is 2.5 mm,8 the device 
is mainly assessing the amount of tissue water in skin 
where lymphedema is thought to manifest initially. 
Skin water molecules are rotating in an EM field and 
absorbing energy from the field. Thus, the MMDC is 
spesific to the amount of tissue water. The reflected 
wave contains information of the energy absoption, 
i.e. the amount of water molecules in skin. achieved 
tDC values were converted automatically to the PWC 
values by device’s software. Patients were resting on 
an examination table for 10 minutes in a supine posi-
tion. During this time, information was given on the 
measurement. three measurement sites in both lower 
limbs free from visible creams or lotions were marked 
with a soft pen. the measurement sites were 20 cm 
proximally (thigh) and 20 cm distally (calf) from mid-
line of the knee joint and 5 cm proximally to medial 
malleolus (ankle). the MMDC has a force sensor to 
ensure that the contact pressure of device against skin 
is the same for all measurements. audible signal after 
measurement informs that the measurement is finished. 
tDC measurements were done triplicate bilaterally at 
each site and measurement data transferred wirelessly 
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CDP reduced lower limb circumference significantly 
at each measurement sites r1-r9 along the lower limb 
(P<0.05) (Table II). Reduction was greatest (17.5%) at 
calf in measurement site r4.

Correlations between reductions in PWC and cir-
cumference measurements at thigh, calf and ankle were 
statistically significant (Table III). Highest correlation 
between the PWC and CM parameters was detected in 
calf (r=0.71, P=0.002).

Effect of CDP improved quality of life significantly 
as assessed by lyMQol questionnaire (pre-post treat-
ment: 2.3±0.7 to 2.1±0.6, P=0.006). general quality of 
life evaluated by lyMQol VaS also improved (pre-
post treatment: 5.2±2.1 to 7.1±2.2, P=0.003).

Discussion

Present results indicate that CDP therapy was effec-
tive in patients with primary and secondary lymphede-
ma although more than 80% of patients had grade 2 and 
3 lymphedema. effectiveness was demonstrated by the 

Statistical analysis

the data were analyzed by using IBM SPSS 20.0 
software (IBM Corporation, new york, USa). Descrip-
tive data were presented as a mean and standard de-
viation for continuous variables. Categorical variables 
were presented as percent (%). Kolmogorov-Smirnov 
and Shapiro-Wilk (KS-SW) normality test were con-
ducted for normality of variables. especially SW test 
was used for the normality of the data because in small 
sample size it can give more accurate conclusion of the 
data. then parametric t-tests were used between before 
treatment and after treatment periods if normality had 
been gained. If a normality table was not gained (SW 
test P<0.05), were used as Wilcoxon Signed Rank tests. 
Pearson correlation analysis was done to investigate the 
correlations. P value of lower than 0.05 was accepted as 
statistically significant.

Results

Mean age and mean body mass index (BMI) of pa-
tients were 51.5±15.4 years and 36.7±10.4 kg/m2, re-
spectively. Significant reduction was detected in PWC 
values measured from thigh, calf and ankle after the 
CDP treatment of lymphedema (P<0.001). Furthermore, 
significant decreased inter-limb PWC ratios between af-
fected and contralateral healthy limb indicate a reduc-
tion of lymphedema after the CDP treatment (table I).

table i.—�Effect of complex decongestive physiotherapy on 
percentage tissue water content and inter-limb PWC ratios.

Percentage of tissue water content
P valueBefore 

treatment
after  

treatment
Decrease 

(%)

ankle
affected 48.9±11.3 31.7±7.7 35.2 <0.001
Contralateral 41.9±8.6 41.7±8.8 0.5 nS

Calf
affected 53.4±10.7 34.3±7.2 35.7 <0.001
Contralateral 41.1±9.8 41.0±9.8 0.2 nS

thigh
affected 46.1±9.0 38.2±6.7 17.1 <0.001
Contralateral 37.4±5.6 37.0±5.9 1.1 nS

Inter-limb PWC ratio
ankle 1.22±0.42 0.80±0.25 34.4 <0.001
Calf 1.36±0.43 0.88±0.2 35.3 <0.001
thigh 1.28±0.42 1.06±0.26 17.2 0.003

PWC: percentage of tissue water content; NS: not significant (P<0.05, paired 
t-test).

table ii.—�Circumference measurements of the affected limb before 
and after complex decongestive physiotherapy.

Measurement 
point

Before CDP  
(cm)

after CDP  
(cm)

Mean  
reduction 

 (cm)
Decrease 

(%) P value

r1 24.7±3.9 23.7±3.7 1.0±1.4 4 0.01
r2 34.6±4.62 32.6±3.2 2.0±2.2 5.7 0.001
r3 34.8±9.8 29.4±6.1 5.4±4.2 15.6 <0.001
r4 40.2±11 33.2±7.9 7.0±4.6 17.4 <0.001
r5 50.1±10.5 42.8±6.9 7.3±4.5 14.6 <0.001
r6 48.2±10 44.7±7.1 3.5±5.0 7.3 0.012
r7 50.6±9.2 47.2±7.8 3.4±4.4 6.7 0.006
r8 65.0±9.8 62.7±9 2.3±3.6 3.5 0.019
r9 72.4±9.5 70.4±9.3 2.0±3.0 2.8 0.01
Paired t-test.
CDP: complex decongestive physiotherapy.

table iii.—�Correlations between reductions of lymphedema in 
thigh, calf and ankle of affected limb assessed by PWC and cir-
cumference values.

PWC

Circumference measurement

ankle Calf thigh

r P value r P value r P value

thigh – – – – 0.58 0.014
Calf – – 0.71 0.002 – –
ankle 0.58 0.014 – – – –
r: Pearson’s correlation coefficient; PWC: percentage of tissue water content.
P<0.05.
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tDC or PWC ratios to illustrate the difference between 
affected and contralateral healthy limb.8, 12 according-
ly, Mayrovitz et al.12 found that inter-arm tDC ratio of 
1.20 differentiated breast cancer patients with lymph-
edema and healthy volunteers. Since most of the tDC 
studies are related to upper extremity lymphedema, 
there are only few studies related to lll or inter-limb 
tDC or PWC ratios differentiating lymphedema limbs 
from healthy limbs. as far as we know the present study 
is the first to evaluate the PWC inter-limb ratio in LLL. 
Pre-treatment inter-limb PWC ratios were 1.22 for an-
kle, 1.36 for calf and 1.28 for thigh measurement sites. 
Post-treatment ratios were all less than 1.20 strongly 
suggesting that absolute PWC values and inter-limb 
PWC ratios exceeding 1.20 can be recommended for 
health care professionals to assess severity of lymph-
edema at different levels of lower limbs.

Lymphedema can significantly reduce quality of life 
of cancer survivors. Keeley et al. reported that evalua-
tion of quality of life is an important tool in the assess-
ment of chronic edema and treatment-related factors.24 
evaluation of quality of life was considered important 
in patients with lll after CDP,25 although it has also 
been critiziced to be insensitive to detect changes in the 
general health of a patient.26 this study showed that 
complex decongestive therapy increased the quality of 
life (Qol) of patients with lll.

Conclusions

CM and PWC measurements were shown to be use-
ful in the assesment of CDP in patients with lower limb 
lymphedema. greatest reductions in both parameters 
were found in calf and ankle measurement sites. How-
ever, there is a need for a reliable alternative to CM 
measuments since the method is not practical for lower 
limb measurements in patients lying in supine position. 
the currect results proved that the tDC technique with 
PWC display is quick, easy and objective tool to follow 
the effect of CDP in lll.
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