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Summary 

Experiments show that the mult idirect ional vibra ­
tion therapy is not an agressive t echnique : when 
applied to the newly-formed lymph-vessels in the 
scar, we observed that they were not damaged by 
this technique whereas we had found in earlier stud­
ies that a gentle effleurage destructed the newly 
formed lymph network in the scar. 
When using this treatment , little or no adhesion 
of the scar to the underlying tissues is observed . 
There is a significant decrease of the local edema 
when compared to a standard group of wound­
healing without multidirectional vibrations. 
There is also a significant decrease of general and 
local congest ion and no increase in the permeability 
of veins and lymphvessels is present. 
The appl ication of the local multidirectional vibra­
tion therapy accelerates the regeneration of the 
severed vein and lymphvessel. 

Introduction 

Wound healing is a very complex process. 
Lindsay et al. ( 6) and Gillman ( 4) conclude 
that the epidermis is the first tissue that 
bridges over the scar lumen beneath the clot . 
The regeneration of the epidermis is followed 
by the regeneration of the connective tissues 
and blood capillaries. 

However, the reconstruction of the lympha­
tic vessels during this process is a rather ne­
glected factor , althougl1 the role of the lym­
phatic system is well defined by Clodius (2). 
Better comprehension of the phenomenon of 
lymphatic reconstruction was due to a large 
extent to the studies of Reichert (7), Clark 
and Clark (4) and more recently to Danese 
(3) and Satjuko wa (8). 

In a previous paper (5), we also studied rege­
neration of blood- and lymphvessels during 
the process of wound healing after surgical in­
cisions on 500 mice. By means of transillumi­
nation microscopy in vivo , we found that the 
recovery of the lymphatic system is an impor­
tant factor in wound healing. Compared to 
the venous system , we find that the severed 
lymphatic vessel regenerates in the form of a 
disordered network in the scar region (Fig. 1). 
This network is even seen up to six months 
after the incision. To understand the influence 
of vibration therapy on the process of wound 
healing, we studied a second experimental 
group of incisions which were submitted three 
times a day to a 20' local multidirectional vi­
bration therapy (Niagara therapy*) . 

Procedure 

Under ether inhalation anesthesia, a transab­
dominal incision was performed on 500 mice . 
The incision cut the main vein , artery and 
lymphatic vessel of the ventro-lateral aspect 
of the skin. The two edges of the wound 
were sutured with a S-0 silk suture. 

At different intervals of 1 hour to 6 months, 
the mice were anaesthetized by means of a 
subcutaneous injection of urethane in order 
to examine the internal aspect of the scar. 
We proceeded to make a longitudinal incision 
along the Linea Alba and carefully dissected 
the abdominal skin. 
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1 . Norma I aspect 

2. First day : leakage of lymph 

3. Second day : total lymph-stop 
at t he level of the scar. Devia· 

tion of t he lymph towards an 
intact lymphvessel. 

4 . Fourth day: new formed 
lymph network. 

5. Tenth day: regeneratio n of 
the lymph system 
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The wound was then examined by means of 
transillumination microscopy in vivo. 

ln our second experimental group we submit­
ted the mice three times a day to a 20 miJ1 
multidirectional vibration therapy. 

Results 

l. Woundhealing without vibration (Standard 
group ) 

We examined about 50 different parameters on 
each mouse for each interval . We thus obtained 
a good picture of the evolution of each para­
meter from l hour to six months post-i ncisio­
nal. 
The main conclusions of this study were as 
fo llows : 

l) The cut artery had not recovered its original 
form. An important constriction over a large 
part of the cut artery remains directly after 
the incision . 1l1e distance between the two 

Fig. 1 

cut ends probably became too wide and this 
resulted in resumption of arterial flow by mea1 
of collateral channels entering the wound in 
different directions. 

2) However, in aU our experiments, we found 
that the vein has recovered its original pattern 
after a period of 14 days. 
After this time period, negative signs Like per­
meability of the veins in the scar region are 
disappearing. 
Regeneration first appears in the form of man) 
small capillaries bridging over the wound after 
5 days. 
When the capill aries become functional , the 
abnormal dilatation of the veno-venous anas­
tomosis is decreasing. 

After fou rteen days, one vessel in most cases 
remains functiona l: this is the elective way of 
the venous blood-circulation . At that point, 
the other vessels are no longer functional . 
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Congestion of t he abdominal skin 

+ = standard group 

u = multidirectional vibrations 

numh•·r- •'I dol\'" 

Congestion of the scar region 

+ = standard group 

n = multidirectional vibrations 

I 2 J 4 S b 7 8 9 10 

numh.,r ~r tluv<~ 

Local , distal edema 

+ = standard group 

11 = multidirectional vibration 

I .' l-'• h 1 1:1 ., ltl 20 200 

numlu·r ••I J;tyli 

Fig. 2 

Fig. 3 

Fig. 4 
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Local, distal edema 

+ = standard group 

o = multidirectional vibrations 

I J. l '• 5 b 1 8 9 10 

numbe r of \lays 

Fig. 5 

Veno·venous anastomosis 

+ = standard group 

o = multidirectional vibrations 

I 2 3 1.. 5 6 7 8 9 10 20 200 

numbt.'r of do~ys Fig. 6 

Adhesion 

+ = standard group 
o = multidirectional vibrations 

1 2 J 4 5 ,.. 1 a " 10 20 200 

oumbl"r nf days Fig. 7 
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Regeneration of vein 

+ = standard group 

o = multidi rectio nal vibrations 

I 2 3 4 5 b 7 8 q 10 20 

number or d.1ys 

The flow is inversed in the distal end of the 
cut vein : it goes from the wound to the near­
est veno-venous anastomosis. 

200 

\ Fig. 8 

lymph regeneration the lymph was evacuated 
by means of lympho-lymphatic anastomoses 
until and even after restoration of the original 
system. When the vein has regenerated, the flow be­

comes normal again. During the healing pro-
cess, we also noticed that the blood flow was 5) Swelling of the extremities did not appear 
delayed in the region of the scar. This pheno- and general edema of the abdominal skin 
menon also disappears when the normal out- quickly disappeared after the incision. (' 
flow channel is reestablished. During the heal- (, 6) Local edema is a very. important factor 
ing process, dilatation of the veins was also { during woundhealing. 
noted. 1l1e local edema can be divided into distal 

3) The existence of lympho-venous shunts and proximal local edema in rega~ds to the 
After the fourth day , we observed junctions edg~s of the wound. In our ~x~enm~nts we 
between the newlyformed veins and lymph- noticed that_ the distal local I~filtratiOn _was 
vessels at the level of the s~ar. more extensive than the prox.unal swellmg. 

The distal edema also remained longer than 
These lympho-veno~~ junctions are not seen 8 he proximal edema. "] 
under normal conditions and after the seventh We found a high correlation between this local 
day , they were no longer observed. edema and the evolution of the regeneration 

4) The lymphvessel is restored in the form of process in the vein and lymphvessels . 
a network. 

The regeneration of the cut lymph vessel appears 
in a very specific form which is not seen in 
cases of regeneration of the veins. A network 
of smatllymphvessels is observed in the scar 
after the third day and is abnormally perme­
able so that the injected dye easily leaves the 
vessels a few minutes after injection . This in­
crease of permeability is even seen six months 
later in half of the cases. Like in venous cir­
culation reconstruction, we noted that during 

2. Woundhealing with the Niagara therapy 

To examine the influence of multidirectional 
vibration therapy on wound healing we stud­
ied a second experimental group of mice, which 
were subjected to the same surgical procedure 
(N = 120). 

At the same time-intervals as for our standard 
group, we examined the internal as well as the 
external appearance of the wound. From our 
initial 50 parameters we selected those who 
were most important to our study: 

Permission granted for single print for individual use. 
Reproduction not permitted without permission of Journal LYMPHOLOGY.



184 A. Leduc, P. Lievens, J. Dewald 

Regeneration of lymphvessel 

++ + 
:' 

+ = standard group 

o = multidirectional vibrations 

number •'I ddys 

- general congestion of the skin (Fig. 2) 
- local congestion of the scar (Fig. 3) 

local, proximal edema of the scar (Fig. 4), 
local, distal edema of the scar (Fig. 5), 
the existence of vena-venous anastomosis 
from the scar to intact veins (Fig. 6) 
adhesion of the scar to the underlying tis­
sue (Fig. 7) 
regeneration of vein (Fig. 8) 
regeneration of lymphvessel (Fig. 9) 

The evolution of these parameters were com­
pared with the evolution of the same parame­
ters of the standard group (incisions without 
vibration therapy) . 

The data were computerized to obtain a fre­
quency analysis. The percentual frequencies 
are represented by means of a curve. 

TI1ese new curves were then compared to the 
curves of our standard group. To detect even­
tual significant differences between both 
curves, we used the Kolmogorov-Smirnov test: 
1l1is test can prove whether two cumulative, 
independent curves are from the same or dif­
ferent populations. When the deviation be­
tween the two curves is large enough, we can 
withdraw the zero-hypothesis, which says that 
there is no significant difference . 

When we have two cumulative frequency 
curves with the same intervals, we can calcu­
late the deviations for each interval. For a 
weU-known interval (X) the observed func-

Fig. 9 

tion of (y) = Sn 1 (X) for one curve and for 
the other (y 1 ) = Sn2 (X). We determine the 
maximal deviation by making the difference . 

0 =max Sn 1 (X)- Sn2 (X) 

When n 1 and n2 are bigger or equal to 40 we 
have a large sample. For large samples like 
these the theoretical values can be found in 
tables. 

It is also necessary that n 1 is equal to n2 so 
we calculated the maximal deviation between 
the two curves and compared it with the theo­
retical value of the table . 
For instance: for a significant area of 0.01 the 
theoretical value is 0 .23. This means that when 
the observed maximal difference is greater or 
equal to 0.23, we can conclude that with a 
significant label of 0.01 the curves are from 
different populations. 

For all these curves we obtained a significant 
difference between the standard group and the 
group of animals which were subjected to a 
treatment with multidirectional vibration the­
rapy. 
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