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Abstract

Introduction: According to WHO studies, over 300 million people worldwide
suffer from oedema [1]. It is estimated that in Poland the number-of patients
with lymphoedema is about 300,000 [2]. In the majority of the cases the lym-
phoedema turns into chronic incurable disease which requires constant control
and treatment. In the case of lower limbs, the oedema is often associated with
other chronic diseases, e.g. diabetes, severe obesity or chronic venous insuffi-
ciency. In such cases, it is very important for the patient to understand the cau-
se of the oedema, the irreversibility of the changes,-and the fact that the thera-
py will be necessary for the rest of their life. Unfortunately, the lack of proper
and comprehensive treatment results not only from insufficient awareness and
patient’s knowledge, but also from the limited possibilities of public health care.

Objectives: The aim of the study was'to determine the impact of oscillato-
ry-cycloid vibrations (OCV) on the 1st and’'2nd degree oedema of the lower
limbs.

Material and methods: The study involved 47 patients who developed first-
and second-degree oedema. Patients underwent 10 oscillatory-cycloid vibra-
tions treatments for 5 consecutive days. Their G1 and G2 circumferences were
measured before and aftertherapy and filled in a questionnaire.

Results: Measurementsof lower limb circumferences at the ankle and calf have
decreased: average circumference of the left ankle from 27.04 cm to 25.3 cm
and average circumference of the right ankle from 26.81 cm to 25.36 cm, while
the average circumference of the left calf from 41.36 cm to 39.15 cm and ave-
rage right calf circumference from 40.89 cm to 39.11. 78.7% of patients expe-
rienced a reduction in oedema, 42.6% noticed smaller cramps in their limbs, and
38.3% of patients declared feeling lighter in their legs.

Conclusions: 1. Oscillating-cycloid vibration treatment can be an effective
method-of reducing the first- and second-degree oedema. 2. Vibration therapy
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can be used as a method supporting the treatment of oedema in patients with
peripheral circulatory insufficiency or can be used as secondary prevention to
maintain the effects after the phase of maximum oedema reduction.. 3. The
subjective feelings of patients confirm the effectiveness of the perfarmed pro-
cedures.

Key words: lymphoedema, venous insufficiency of the lower limbs, oscillatory-
-cycloid vibrations.
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Introduction

Although there is no definite definition of lymphoedema that would be
consistent with international consensus, based on existingliterature,
oedema can be defined as pathological, excessive fluid accumulation in
lymphatic vessels and in the extracellular space [1,2]. The problem with
congestive lymphatic insufficiency and hence lymphoedema.is rarely the
result of congenital vascular malformations that usually manifest them-
selves from early childhood [3].

Most often, oedema occurs due to [4,5]:

1. neoplastic diseases involving lymph nodes'and radiation therapy,

2. chronic venous insufficiency (30% of cases of oedema are due to

deep vein thrombosis),
3. surgical procedures and injuries,
4. viral, bacterial and parasitic infections.

Chronic venous disease is ohe of the most common vascular diseases.
Among the European population,;40-60% of women and 15-30% of men
suffer from this disease, while in the-Polish population 47% of women
and 37% of men showed signs of venous disease. Incidence increases si-
gnificantly with age [6,7].

The main cause of venous.insufficiency is the reduction of venous wall
tone and impairment of venous valve function in both deep and superfi-
cial vessels.

It causes:

1. development of venous hypertension, which is responsible for the
development of pathological changes in the veins and tissues aro-
und the vessel,

2. ‘slower venous outflow from the lower limbs,

3. the-formation of reflux in the superficial and deep veins, which is
further intensified by standing position, warmth, obesity and pre-
gnancy,

4..development of varicose veins and venous ulceration.



The Impact of Oscillatory Vibrations on Lymphoedema of the Lower Limbs

Congestive processes in microcirculation and venous hypertension
lead to adhesion, migration and activation of leukocytes, which, as a re-
sult, damages microcirculation, resulting in excessive capillary permeabi-
lity. This, in turn, causes swelling of the limbs and impaired tissue nutri-
tion (trophic changes appear in the form of discolouration, inflammation
of the subcutaneous tissue and ulceration) [7]. All this consequently leads
to functional failure of lymphatic vessels and affects the degeneration of
the walls of lymphatic vessels and the overgrowth of'their light with pro-
tein-cellular material [8].

It is estimated that venous insufficiency is the cause of lymphoedema
in about 300 million people worldwide [9].

To diagnose the cause of oedema, a thorough interyview, clinical exami-
nation along with limb volume measurement and in some cases imaging
tests (lymphoscintigraphy, Doppler ultrasound of the venous system) are
important [10]. To correctly determine the degree of lymphoedema of
the lower limbs, Brunner’s classification.can be used [11,12]:

1. 1st degree - a slight swelling that'covers the foot and lower leg,
most often visible at the-end of the day and disappearing automa-
tically after the elevation of thelimb;

2. 2nd degree - swelling occurs throughout the day and disappears
after a night. Stemmer’s symptom appears, i.e. thickening of the
subcutaneous tissue-and skin, which prevents the pinching of the
skin fold above the second toe;

3. 3rd degree - permanent oedema, but without deformity of the
limb;

4. 4th degree - permanent oedema causing deformities of the limb,
skin lesions may appear in the form of: eczema, erysipelas, lym-
phatic fistulas;

5. 5th degree - called “elephantiasis”, is characterised by large
swelling, which significantly distorts the lower limb. It is accom-
panied by thickening of the skin, muscle changes and impaired
limb function.



Current medical knowledge and scientific research confirm that the
key role in the treatment of lymphoedema is physiotherapy, which should
start with the patient’s education. Unfortunately, most patients or-people
at risk of lymphoedema do not have sufficient awareness and knowledge
about the disease itself and the risks of not receiving treatment. For this
reason, particular attention should be paid to introducing patients with
oedema to lymphatic educational and preventive measures.to the reha-
bilitation program. Early treatment prevents the appearance of compli-
cations and allows complete reduction of oedema.

One of the basic forms of prevention in cardiovascular failure should
be physical activity. Analysing statistical data, it can'be said that physical
activity after the age of 40 is inversely proportional to the frequency of
incidence. Cardiovascular insufficiency increases with age, while physical
activity decreases at higher age ranges [13]. Reduced physical activity in
the elderly may be due to many factors, including co-morbidities charac-
terised by high intensity of pain, which'can effectively discourage motor
activities. Lack of movement, in turn, intensifies the congestive processes
of the lymph and venous systems.

Given the effect of vibration on theCirculatory and lymphatic systems
in the form of:

e elimination of congestive symptoms,

e reduction of oedema;

e Dbetter venous outflow,

e |ower blood resistance in the arteries, which facilitates the work

of the heart,

e widening of blood vessels and an increase in the speed of blood

circulation,

e increased oxygen and nutrient supply to organs,

it can be assumed that oscillatory-cycloid vibrations (OCV) may com-
plement the daily motor activity of patients and may support preventive
actions in the field of reducing lymphoedema in people with congestive
heart insufficiency.
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The aim of this study was to determine whether and to what extent
oscillatory-cycloid vibrations (OCV) will affect the reduction of lower
limb circumferences in patients with oedema and whether it can be a me-
thod used to support primary and secondary oedema prevention in chro-
nic peripheral circulatory insufficiency in the lower limbs.

Material and methods

47 people took part in the study, the vast majority of whomwere women
(89.4%).

Among the surveyed population, the decisive number of respondents
was in the age range of 61-80 years (80.9%). Other age groups were re-
spectively: 18-40 years - 2.1%, 41-60 years - 12.8% and over 80 years
-4.3%.

Prior to the study patients were interviewed-to be included or excluded.
During the interview, patients were asked about cardiovascular diseases
and co-morbidities, as well as co-morbidities, as noted in the survey.

Based on the interview, the study group excluded:

1. patients during treatment and after a history of cancer,

2. people whose oedema was the result of surgery or mechanical in-

jury and the tissues did not fully heal,

3. people who arediagnosed with the acute phase inflammation.

The study included people who had a history of oedema and ailments
related to lower limb circulatory system insufficiency. The most com-
mon problems that_patients declared were: oedema (100%), varicose
veins (74.5%), telangiectasias (74.5%), hypertension (55.3%) and cramps
(55.3%). Oedema reported by patients was classified as first and second-
-degree oedema.

Co-morbidities that may affect cardiovascular insufficiency of the lo-
wer limbs-were diagnosed in the following percentage of respondents:
obesity - 25.5%; diabetes - 23.4%.

Patients participating in the study had measurements of lower limb
circumferences at levels:
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1. G1 - 1st shin, circumference of the lower leg in the thickest place
(the results are described as calf measurement)

2. G2 - 2nd shin, measurement just above the ankle (measurement
of the ankle joint, but for simplicity the results are described as an-
kle measurement).

Measurements were made on the first day before starting the therapy

and on the last day of therapy after the end of the treatment.

Each patient underwent 10 oscillatory-cycloid vibration treatments
on a Vitberg + medical apparatus with an attached specialised module for
lower limb massage, which was carried out over.the next 5 days. Each tre-
atment lasted 29 minutes and 10 seconds and 2 treatments were perfor-
med without a break between them on one day. The operation characte-
ristics of the apparatus in terms of frequency, amplitude and acceleration
are presented in Table 1.

The vibration treatment was performed with A program, the charac-
teristics of which are presented in Figure 1 in Al in accordance with the
instructions for use (Figure 2).

Table 1. Parameters of the oscillating-cycloid vibrations

1 0.01 6.9 0.01 0.21 10.1 42.5
2 0.1 10.5 0.01 0.21 10.3 43.6
3 0.1 115 0.01 0.21 11.6 47.5
4 0.1 135 0.01 0.19 19.3 52.2

Source: Rehabilitacyjny Aparat Masujacy Vitberg+. Instrukcja uzytkowania. Nowy Sacz:
Vitberg; 2016.
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Figure 1. Characteristics of the program A (LEGS) in t}e Vitberg + apparatus in position A1[14]

e 2. Al position on the Vitberg + apparatus for the lower limbs therapy

Source: own.
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Results

After analysis of the measurement of lower limb circumferences-before
and after the vibration treatment, it was found that the circumferences are
reduced in all four measurements: G1 and G2 left limb and'G1 and G2 right
limb. The results are presented for each measurement in Tables'2.and 3 se-
parately.

Table 2. Measures of median tendency and dispersion along with the values of t-Student
test for dependent samples: circumference of the left calf and ankle - before and after
the treatments (N=47)

Average 41.36 39.15 27.04 25.30
Median 41.00 39.00 27.00 25.00
Standard deviation 3.46 3.09 3.03 2.50
Minimum 36.00 35.00 21.00 21.00
Maximum 52.00 49.00 35.00 30.00
Slant .798 .833 271 -085
Kurtosis 663 726 -273 -.956
t-Student test t=9.906; p<0.001 t=10.392; p<0.001
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Table 3. Measures of median tendency and dispersion along with the values of t-Student

test for dependent samples: circumference of the right calf and ankle - before and after
the treatments (N=47)

Average 40.89 39.11 26.81 25.36
Median 41.00 39.00 27.00 26.00
Standard deviation 3.39 3.18 2.72 244
Minimum 35.00 34.00 22.00 21.00
Maximum 52.00 50.00 34.00 30.00
Slant 669 .807 305 -189
Kurtosis 1.081 1.522 -357 -1.033
t-Student test t=8.577; p<0.001 t=7.539; p<0.001

Analysis of the G1 measurement of the left lower limb (Figure 3):

1. Before the treatments, the average circumference of the patients’
left calf was 41.36 cm with“a standard deviation of 3.46 cm, with
the lowest recorded measurement being 36 cm and the highest 52
cm. The median value is 41 cm. The distribution of measurements
obtained was rightwards skewed and had a greater concentration
around the middle-value than the normal distribution.

2. After the procedures, the average circumference of the left calf of
the subjects was39.15 cm, the standard deviation was 3.09 cm.
The minimum value of the circumference was 35 cm, while the
maximum was 49 cm, and the median obtained was 39 cm. The
distribution of recorded measurements was rightward skewed
and had a greater concentration around the central value than the
normal distribution.

Analysis of the G2 measurement of the left lower limb (Figure 4):

1. Before the treatments, the average circumference of the patients’
ankle was 27.04 cm with a standard deviation of 3.03 cm, with the
lowest recorded measurement being 21 cm and the highest 35 cm.
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The middle value is 27 cm. The distribution of measurements ob-
tained was rightward skewed and had a lower concentration aro-
und the median value than the normal distribution.

The average circumference of the left ankle of thesubjects after
treatment was 25.3 cm, the standard deviation“is 2.5 cm, with
a minimum value of 21 cm and a maximum of 30 cm. The median
was 25.5 cm. The distribution of measurements obtained was le-
ftward skewed and had a lower concentration.around the median
value than the normal distribution.

Analysis of the G1 measurement of the rightlower limb (Figure 5):

1. Before the treatments, the average circumference of the patients’

right calf was 40.89 cm with a standard deviation of 3.39 cm, and
the median value was 41 cm. The lowest recorded measurement is
35 cm, while the highest was 52 cm. The distribution of measure-
ments obtained was rightward skewed-and had a greater concen-
tration around the median value than the normal distribution.

The average circumference of the right ankle of the subjects after
treatment was 39.11 cm,.the standard deviation is 3.18 cm, with
a minimum value of 34 cm and-a maximum of 50 cm. The median
was 39 cm. The distribution of measurements obtained was righ-
tward skewed and'had a higher concentration around the median
value than thenormal distribution.

Analysis of the G2 measurement of the right lower limb (Figure 6):
1. Before the treatments, the average circumference of the patients’

right ankle was 26.81 cm with a standard deviation of 2.72 cm,
with the lowest recorded measurement being 22 cm and the hi-
ghest 34 ¢m. The median value was 27 cm. The distribution of me-
asurements obtained was rightward skewed and had a lower con-
centration around the median value than the normal distribution.

The.average circumference of the right ankle of the subjects
after treatment was 25.36 cm, the standard deviation is 2.44 cm,
with a minimum value of 21 cm and a maximum of 26 cm. The
minimum value is 21 cm, while the maximum is 30 cm. The distri-



The Impact of Oscillatory Vibrations on Lymphoedema of the Lower Limbs

bution of measurements obtained was leftward skewed and had
a lower concentration around the middle value than the normal
distribution.

Analysis by t-Student test for dependent samples showed a'significant
difference in the case of G1 and G2 measurements for the left'and right
lower limbs made before and after the treatments.

Based on all 4 measurements, it was noticed that the performed treat-
ments were highly effective in reducing lower limb oedema.

The subjective feelings of patients were also analysed, and it was no-
ticed that the majority of respondents after the treatments noticed a re-
duction of oedema (78.7%). A relatively high pereentage of respondents
also felt smaller cramps (42.6%) and had a feeling of lighter lower limbs
(38.3%). In turn, 36.2% of respondents noticed warmer feet. The respon-
dents noticed better feeling in the limbs (17%) the least frequently.

To illustrate the results, a photo of the left-limb of one of the patients
was taken before and after the procedures, as illustrated in Figure 7.
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after treatments (N=47)
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Figure 7. Photo of the patient’s left lower limb: a - before the vibration treatment,

b - after the 10 vibration treatments

Source: own.
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Discussion

In the literature there are numerous studies on the effects of vibrations
on the cardiovascular system in both healthy people and the elderly who
have been diagnosed with cardiovascular insufficiency. The effect of vi-
brations on the cardiovascular system may have an indirect effect on the
lymphatic system, as improving blood flow in the anteries and veins may
reduce peripheral circulatory insufficiency and congestive processes,
which in turn may reduce the risk of oedema.

Kerschan-Schindl et al. examined 20 healthy.adults to assess changes
in blood volume in muscles after applying vibrationsto the entire muscle.
After applying the vibrations, the following effects were achieved: an in-
crease in blood circulation in the calf and thigh muscles, anincrease in the
average blood flow velocity in the popliteal artery from 6.5 to 13.0 cm/s
and its lower resistance index [14].

In turn, Pos$piech et al. in the work “The impact of low-frequency vibra-
tions on selected physiological'/parameters of athletes” after applying the
vibration noticed: a decrease in-.the value of systolic pressure, a decrease
in pulse rate, an increase in body temperature, a decrease in body weight
and a decrease in body fat. In their conclusions, the authors pointed out
that vibrations increase blood flow due to a decrease in peripheral vascu-
lar resistance resulting from.greater blood flow through the working mu-
scles that are actively involved in vibration absorption [15].

Similar research was carried out by Z. Damijan who published the
results in 2009 in“the work entitled: “Trening wibracyjny w rehabilita-
cji kardiologicznej (Vibration training in cardiac rehabilitation)”. During
the study, Damijan noticed: in 96% of respondents a decrease in systolic
pressure, a decrease in heart rate in 92% of subjects, a lower percentage
of body fat in 76% of patients and a lower body weight for all subjects,
and-a decrease’in total cholesterol in 76% of the sample. In addition, he
found an increase in temperature in 88% of subjects and an increase in
HDL cholesterol in 76% of people participating in the study. The summa-
ry states'the usefulness of vibration training in cardiac rehabilitation due
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to positive effects in the field of hypertension, obesity, atherosclerosis
and physical fitness [16].

Among many research works there is also a direct reference tothe ap-
plied vibration for oedema.

Narin et al. in their work used a device that was designed to produce
vibrations similar to the physiological vibrations of the human. body, its
tissues and organs. These vibrations were called Matrix Rhythm Therapy
(MRT). They were used in the case report of a 36-year-old woman with
lymphoedema. In the summary, the researchers point out that self-treat-
ment did not effectively reduce oedema, but it-can have a positive effect
on oedema if it is used for a long time and repeatedly. Researchers also
point out that MRT can be combined with compression therapy, which
can make a positive contribution to the use of Comprehensive Oedema
Therapy [17].

The literature also meets research.on the.comparison of effects when
using manual lymphatic drainage and ‘manual drainage combined with
deep oscillations. In 2008, Jahr'et al. examined 21 women with secondary
lymphoedema of the upper limbs“and chest after surgery. They divided
them into 2 groups: the first study group (n=11) had 12 manual lymph
drainage procedures supplemented with deep oscillations, while the se-
cond control group (n=10) had manual drainage alone. Summing up the-
ir research, the researchers.wrote that the additional deep oscillations
complementing manual lymphatic drainage can significantly reduce pain
and oedema comparedtolymphatic drainage alone [18].

In 2016, Teo et-al. also compared the effects of MLD (manual lym-
phatic drainage) with’"MLD in combination with deep oscillations,
using the HIVAMAT 200 device. The average lower limb volume re-
duction when using MLD in combination with oscillations was 902 ml,
while the average leg volume reduction only for MLD was 707 ml. The
study used high resolution ultrasonography to analyse oedema. Rese-
archers concluded that the limbs treated with MLD and deep oscilla-
tions showed a much greater reduction in oedema than limbs treated
with-MLED alone [19].
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In the literature, there are also studies on the reduction of oedema
after the use of vibrations in other disease entities than circulatory in-
sufficiency in the lower limbs. In “Rheumatology” in 2014 the study of
Skopowska et al. was published, who examined 44 people suffering from
gonarthrosis. Patients were subjected to vibroacoustic therapy/for 15 mi-
nutes on a Vitafon-T device, which has a wave frequency from.30 Hz to
18000 Hz and an amplitude of vibrations from 0.0001 to 0.05 mm. They
noticed that vibroacoustic therapy had positive analgesic and anti-oede-
ma therapeutic effects, which also improved the functional efficiency of
patients [20].

In turn, Vladeva et al. (2018) examined 50 patients with knee joint re-
placement. For the study, they used Deep Oscillations, which are deep
therapeutic oscillations that use tissue vibrations with a minimal external
mechanical effect and combined them with kinesiotherapy. During the
study, deep oscillations were shown to be effective in reducing inflamma-
tion, oedema and pain, and increasing the'range of motion in early rehabi-
litation after knee replacement. The combination of oscillations and ap-
propriate exercises gives better.results|in terms of the rate of functional
regeneration [21].

Other studies that addressed the effect of vibration on the lympha-
tic system are studies by\Stewart et al. who examined 18 women aged
46-63. They used a vibrating platform which they placed on the tilting ta-
ble footrest using-measurements at O, 15, and 45 Hz. During the study,
a change in microvascular filtration under the influence of vibration and
anincrease in lymphatic flow was observed [22].

The conclusions of the above studies suggest the need for further re-
search and observation of the impact of vibration on the cardiovascular
system; including the lymphatic system. The need for research on larger
samples and for a long time was also highlighted.
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Conclusions

1. Thevalues of the t-Student test for dependent samples totest the
effectiveness of the applied procedures testify to the occurrence
of a significant difference in measurements of lower limb circum-
ferences made before and after the procedures, which.indicates
the high effectiveness of the performed procedures.in reducing
the 1st degree oedema.

2. The subjective feelings of patients confirm the effectiveness of the
performed procedures in reducing swelling of the lower limbs.

3. Based on the results obtained, it can be concluded that vibration
therapy can be used as a method supporting the treatment of first-
and second-degree oedema in patients with peripheral circulatory
insufficiency. It can also be used as secondary prevention to main-
tain effects after the phase of maximum-oedema reduction.

4. To confirm the results, further tests should be carried out on a lar-
ger sample with 2 groups: test and'control with a single blind. It is
also worth considering researchfor a group of patients with 3rd
degree lymphoedema.



Peczkowska
References

1. Domaszewska-Szostek A. Mechanizm proliferacji i ré6znicowania ke-
ratynocytéw w zastoju limfatycznym konczyn dolnych - wptyw cytokin
i czynnikdw wzrostu ptynu tkankowego/limfy. Warszawa; 2011 [Inter-
net]. Available from: http://rcin.org.pl/Content/16086/WA697_33077_
75327 _Mech-poli-i-roz-Doma_l.pdf.

2. Ptoszaj O, Malinska M, Hagner-Derengowska M, Katuzny K. Manu-
al lymphatic drainage with comprehensive anti-diabetic therapy (MLD/
CDT) as a method of treatment of lymphoedema - literature review.
Journal of Education, Health and Sport 2017; 7(8): 878-893.

3. Gradalski T, Ochatek K. W strone systemu opieki medycznej w za-
stoinowej niewydolnosci chtonnej -'gtos w-dyskusji. Acta Angiol 2013;
19(1): 46-49.

4. Fiodorenko-Dumas Z, Paprocka<Borowicz M, Dumas |, Kotcz-Trzesicka
A. Jakosé zyciai stan pacjentdéw z obrzekiem koriczyn dolnych. Medycyna
Ogoélnai Naukio Zdrowiu 2012; 18(3): 247-251.

5. Podgérska K, Drozdz K; Bieniek A, Szuba A. Liposuction in the treat-
ment of idiopathic-lower extremity lymphoedema. Acta Angiol 2011;
17(4): 271-276.

6. Zubilewicz R, Jaroszynski A. Przewlekta choroba zylna. Forum Medy-
cyny Rodzinnej 2015; 9(5): 400-404.

7. Neubauer-Geryk J, Bieniaszewski L. Przewlekta choroba zylna - pato-
fizjologia;-obraz kliniczny i leczenie. Choroby Serca i Naczyn 2009; 6(3):
135-141.



The Impact of Oscillatory Vibrations on Lymphoedema of the Lower Limbs

8. Ochatek K, Gradalski T. Postepowanie w profilaktyce i leczeniu zacho-
wawczym obrzeku chtonnego. Medycyna Paliatywna w Praktyce 2017;
11(1): 24-30.

9. Szuba A. Choroby naczyn chtonnych. In: Szczeklik A, ed. Choroby we-
wnetrzne. Vol 1. Medycyna Praktyczna. Krakéw; 2005, pp. 437-440.

10. Kozikowska J, tuczak J. Obrzek limfatyczny - patomechanizm, po-
dziat, zasady leczenia. Przewodnik Lekarza; 2001 [Internet]. Available
from: http://forum-onkologiczne.com.pl/pliki/Obrzek_limfatyczny.pdf.

11. Zborowski A. Masaz klasyczny. Krakow: Wyd. Kasper; 2012.

12. Magiera L. Masaz w kosmetyce i odnowie biologicznej. Krakéw: BIO-
-STYL; 2012.

13. Piekarzewska M, Wieczorkowski R, Zajenkowska-Koztowska A. Stan
zdrowia ludnosci Polski w 2014.r-Warszawa: Gtowny Urzad Statystycz-
ny; 2016.

14. Rehabilitacyjny Aparat Masujacy Vitberg+. Instrukcja uzytkowania.
Nowy Sacz: Vitberg; 2016.

15. Kerschan-Schindl'K, Grampp S, Henk C, Resch H, Preisinger E, Im-
hof H. Whole-body. vibration exercise leads to alterations in muscle
blood volume. Clinical Physiology and Functional Imaging 2001; 21(3):
377-382.

16. Pospiech S, Czapkowicz-Pospiech R, Barucha P, Btaszczyk J. Wptyw
drgan wibracyjnych o nieskiej czestotliwosci na wybrane parametry fizjo-
logiczne sportowcéw. Aktualne Problemy Biomechaniki 2016; 10.



Peczkowska

17. Damijan Z. Trening wibracyjny w rehabilitacji kardiologicznej. Acta
Bio-Optica et Informatica Medica 2009; 4(15).

18. Narin AN, Alpozgen AZ, Kulli HD. Effects of matrix rhythm therapyon
primary lymphedema: a case report. Journal of Physical Therapy Science
2016;28(8): 2418-2421.

19. Jahr S, Schoppe B, Reisshauer A. Effect of Treatment with Low-Inten-
sity and Extremely Low-Frequency Electrostatic Fields (Deep Oscilla-
tion®) on Breast Tissue and Pain in Patients with Secondary Breast Lym-
phoedema. Journal of Rehabilitation Medicine 2008;40(8): 645-650.

20. Teo |, Coulborn A, Munnoch DA. Use of the HIVAMAT® 200 with ma-
nual lymphatic drainage in the management of lower-limb lymphoedema
and lipoedema. Journal of Lymphoedema 2016; 11(1): 49-53.

21. Skopowska A, Biernacki M, Dekowska M, Ozég P, Grochowska A.
Wptyw terapii wibroakustycznej.na stan funkcjonalny oséb z gonartroza.
Doniesienie wstepne. Reumatologia 2014; 52(5): 292-298.

22.Vladeva E, Mihaylova'M, Bacheva D, Todorov |. Our experience with
using Deep Oscillationiin-early rehabilitation of patients with arthoplasty
of the knee joint. Varna Medical Forum 2018; 7(1): 66-70.

23. Stewart JM, Karman C, Montgomery LD, McLeod KJ. Plantar vibra-
tion improves leg fluid flow in perimenopausal women. Am J Physiol Re-
gul Integr Comp/Physiol 2005; 288(3): R623-9.



