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Abst rac t .  To study the effect of a combined HeNe and i.r. laser t rea tment  on the regeneration of 
the lymphatic system during the process of wound healing, we compared the evolution of a surgical 
induced incision wound in two groups of mice. 

In the control group (N = 500) as well as in the test group (N = 100) we studied the evolution of 
four parameters (adhesion, local oedema, regeneration of the vein and regeneration of the lymph 
vessel) by means of microscopic observations using a cold light source to i l luminate the everted skin 
of the mice. The wounds in the test group were irradiated twice a day with a combined HeNe and 
i.r. laser. The adhesion of the scar with the underlying tissues disappeared after 10 days in the 
control group and after 4 days in t h e t e s t  group. The local oedema disappeared in the test group 
after 8 days while in the control group it lasted until  10 days. A considerable acceleration of the 
regeneration of both vein and lymph vessel was seen in the test group. 

INTRODUCTION 

It is clinically relevant that,  after laser treat- 
ment, ulcers and wounds have the tendency to 
heal quicker than untreated ulcers and 
wounds. Mester (1) has observed tha t  ulcers of 
the lower limbs, due to circulation disorders, 
healed quickly after a series of laser therapy 
treatments.  

Wound healing, however, is a very complex 
process. Lindsay et al (2) and Gillman (3) con- 
cluded that  the epidermis is the first tissue 
that  bridges over the wound lumen beneath 
the clot in incised wounds. The regeneration of 
the epidermis in such wounds is followed by 
the regeneration of the connective tissue and 
angiogenesis. However, the reconstruction of 
the lymphatic vessels during this process is a 
rather neglected factor, although the role of 
the lymphatic system is well defined (4). Better 
comprehension of the phenomenon of lympha- 
tic reconstruction was due to a large extent to 
studies of Reichert (5), Clark and Clark (6), 
Danese (7) and Satjukowa (8). 

It is evident that  in the mechanism of wound 
healing the lymphatic system plays a crucial 
role (9). 

It will be demonstrated here tha t  the regen- 
eration of the lymphatic system is one of the 
keys for explaining Mesters' observations. 

Our study compared the regeneration pro- 
cess in two groups: one without and another 
with a laser t reatment.  

METHOD 

Two groups of white mice (Albino Suisse type) 
were considered; a control group (500 mice; 
without  laser treatment); and an experimental 
group (100 mice; with laser treatment).  

After anaesthesia was administered by in- 
halat ion of ether, a standardized incision was 
made on the abdominal skin on the ventro- 
lateral side in the dorsoventral direction 
(length = 1 cm). The incision cut the whole 
thickness of the skin and severed completely 
the major vein, ar tery and lymph vessel. The 
wound was then sutured (with a 5.0 silk 
su tu re - -As t ra  621, HSR 18) and re-examined 
after varying intervals of time (from 1 day to 6 
months after the incision). 

In order to allow a re-examination and de- 
tailed study of the internal aspect of the 
wound, the mice were anaesthetized with a 
subcutaneous Urethane, C3H7NO2, (25%) solu- 
tion (this product has no effect on the microcir- 
culation). After a median incision along the 
linea alba the skin was turned back and pinned 
on a cork plate. The lymph vessels were visual- 
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ized by  m e a n s  of an  inject ion wi th  P a t e n t  V 
Blue  into an  ingu ina l  l y m p h  node. 

The  sk in  was  humid i f i ed  wi th  a physiologic-  
al so lu t ion  d u r i n g  the  whole  e x p e r i m e n t  to pre- 
ven t  it f rom d ry ing  out. The  scar  was  e x a m i n e d  
bo th  macro-  and  microscopical ly .  

Fou r  p a r a m e t e r s  were  cons idered  in th is  
s tudy:  

a. adhes ion  of the  scar  wi th  the  u n d e r l y i n g  tis- 
sues ;  

b. local oedema;  
c. r e g e n e r a t i o n  of the  venous  sys tem;  and  
d. r e g e n e r a t i o n  of the  l y m p h  sys tem.  

These  p a r a m e t e r s  were  quan t i f i ed  by a 'yes '  
(exis tent)  or 'no'  (non-exis tent )  s t a t e m e n t .  

In  the  e x p e r i m e n t  g roup  (N = 100) the  mice  
had  the  s a m e  su rgery ,  bu t  were  t r e a t e d  twice a 
day  wi th  a combined  H e N e  and  i.r. laser.  Dur-  
ing  th is  t r e a t m e n t  the  mice  were  r e s t r a i n e d  by  
a mi ld  e the r  inha la t ion .  

The  H e N e  lase r  (632 nm)  was  a con t inuous  
one wi th  a power  of  5 roW. The  i.r. l a se r  was  a 
g a l l i u m  a r sen ide  pulsed  laser  ( w a v e l e n g t h  of 
904 n m  and  a pu l sa t ion  l eng th  of 200 ns) wi th  a 
p e a k  power  of 6.8 W and  an  a v e r a g e  power  of 
8 .SmW.  

The  t r e a t m e n t  t i m e  per  session was  4 min.  
The  f r equency  of the  pulsed  i.r. l aser  was  
1000Hz.  The  d is tance  of the  laser  f rom the  
wound  was  2 cm. The  a r e a  t h a t  was  exposed to 
l a se r  i r r ad i a t i on  was  l c m  2 so t h a t  the  i r ra-  
d iance  for the  H e N e  lase r  was  5 m W  cm -2 and  
the  de l ive red  dose was  1 .2J  cm 2; the  i r ra-  
d iance  for the  i.r. l aser  was  8.8 m W  cm -2 and  
the  de l ive red  dose was  2.1 J cm -2. 

At  d i f ferent  i n t e rva l s  the  s a m e  p a r a m e t e r s  
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as in the  control  g roup  were  examined  and 
c o m p a r e d  wi th  the  resu l t s  of the  control group. 

RESULTS 

Evolution of the scar in the control group 

In  th is  g roup  the  mice did not  receive any 
t r e a t m e n t  wha t soeve r .  I m m e d i a t e l y  af ter  the 
incis ion a cons t r ic t ion  of the  a r t e r i e s  and veins 
was  observed.  For  a t  leas t  I h a f te r  surgery  no 
cons t r ic t ion  of the  l ymph  vessel  was  seen and 
th is  r e m a i n e d  open, l eak ing  its contents  into 
the  wound  region.  

O e d e m a  in the  wound region appea red  dur- 
ing th is  phase .  

I t  should  be noted  t h a t  the  a r t e r i e s  presented 
a vasocons t r i c t ion  over  a m u c h  g r e a t e r  length 
t h a n  the  veins.  Th is  p robab ly  expla ins  why  the 
a r t e r y  is n e v e r  r e -es tab l i shed  in its original 
p a t t e r n  bu t  a lways  in the  form of collaterals .  

F r o m  the  th i rd  day  the  neo fo rma t ion  of the 
ve in  as well  as the  l y m p h  vessel  was  observed. 

Af te r  abou t  5 days  some venous  capi l lar ies  
were  observed  to be b r idg ing  over  the  wound 
area .  The  newly  formed l y m p h  vessels,  how- 
ever ,  r e s to red  as a ve ry  disordered and  fragile 
ne twork .  The  vessel  wal ls  of these  l ymph  ves- 
sels were  ve ry  pe rmeab le .  

In  the  newly  formed veins  a slow circulat ion 
was  observed,  whi le  the  ca l ibre  of the  vein to 
ve in  a n a s t o m o s i s  (which d ra ined  the  wound re- 
gion before the  r e g e n e r a t i o n  s ta r ted)  was  re- 
duced.  

Af te r  ~5 days  the  sk in  r e t u r n e d  to its normal  
appea rance .  The  scar  was  ha rd ly  vis ible  exter-  

Fig. 1. Leakage of coloured lymph fluid into the wound area. L - lymph vessel; V = vein; A = artery. 
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nally.  The vein was re formed in its or iginal  
pa t te rn .  There  is no longer  an  increase  of the  
pe rmeab i l i ty  of the vein. 

However ,  the re formed lymph vessels  re- 
ma in  as a fragi le  and disordered ne twork  
which still was abnorma l ly  permeable .  

Even  af ter  6 months  this  ne twork  o f r egene r -  
a ted lymph vessels pers is ted  in the  major i ty  of 
the  wounds.  R e m a r k a b l y  the  p re fe ren t i a l  
lymph flow was via l ympho lympha t i c  anasto-  
moses toward  the  in tac t  side (see Fig. 4). 

Fig. 2. Drawing of the results after 5 days. Venous 
circulation via venovenous anastomosis, lymphatic 
regeneration in the form of a network, and lymphatic 
circulation via lympholymphatic anastomosis. 
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same in tervals ,  we can ca lcula te  the  devia t ions  
for each in terval .  

For  a well known in te rva l  (X) the  observed 
func t ion  was (y) = Snl(X) for one curve  and for 
the  o ther  (yl) = Sn2(X). We de t e rmined  the  
m a x i m u m  devia t ion  by m a k i n g  the  difference 
0 = m a x  Snl(X) - Sn2(X). When  nl  and n2 are  
b igger  or equal  to 40 we have  a large  sample.  

For  large  samples  l ike these  the  theore t ica l  
va lues  can be found in tables.  For  ins tance  for 
a s igni f icant  a rea  of 0.01 the  theore t ica l  va lue  
is 0.23. This  means  t ha t  when  the  observed 
m a x i m u m  difference is g r ea t e r  or equal  to 
0.23, we can conclude t ha t  wi th  a s ignif icant  
va lue  of 0.01 the  curves  are  from di f ferent  
populat ions .  

Evolution of the scar in the experimental 
group 

The evolut ion of the  four p a r a m e t e r s  were  com- 
pared  wi th  the evolut ion of the  same para-  
me te r s  of the  control  group.  The  da ta  were  
computer ized  and the  pe rcen tage  f requencies  
represen ted  by means  of an  h is togram.  The  re- 
sults  of the  two groups were  compared  s tat is t i -  
cally. To detect  s ignif icant  differences we used 
the  K o l m o g o r o v - S m i r n o v  test.  

This  tes t  can prove w h e t h e r  two cumula t ive ,  
independen t  curves  are  f rom the  same or diffe- 
r en t  populat ions.  When  the  devia t ion  be tween  
the two curves is large enough,  we can with-  
draw the  nul l -hypothes is ,  which s ta tes  t h a t  
the re  is no s ignficant  difference. When  we have  
two cumula t ive  f requency  curves  wi th  the  

Fig. 3. Fragile network of newly formed lymph vessels (L) 5 
days after the incision (magnification x35).  VC = venous 
capillaries bridging over the wound area. 
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Adhesion 

An important  problem in wound healing is the 
adhesion of the wound with the underlying tis- 
sues. This is a phenomenon that  in our control 
group gradually disappeared after 10 days. If 
this adhesion remains then the wound will 
evolve into an hypertrophic scar. 

In our experimental group this adhesion 
hardly ever occurred after laser therapy. In the 
control group it was present in 100% even after 
the fourth day. Our statistical analysis showed 
a clearly significant difference (difference mat- 
rix = 0.60). 

P,C. Lievens 

Fig. 4. Drawing of the results after 15 days. Regeneration 
of the vein, fragile network of new formed lymph vessels, 
and main lymph flow via lympholymphatic anastomosis. 

Oedema 

Swelling of the extremities did not appear and 
general oedema of the abdominal skin quickly 
disappeared after the incision. Local oedema, 
however, is a very important factor during 
wound healing. The existence of this local 
oedema very often is in correlation with the 
lack of regeneration of the lymph vessels. 

In our experimental group we found that  this 
local oedema totally disappeared after 8 days 
while in the control group it lasted 10 days. 
Statistical analysis showed a difference matrix 
of 0.29. 

The regeneration of the vein 

In our control group we found that  the vein had 
recovered in its original pattern after a period 
of 14 days. After this period the increase in the 
permeability of the veins in the scar region was 

Fig. 5. Regenerated lymph vessels under the forming of highly permeable network 6 months after surgery (1). LA 
lympholymphatic anastomosis. 
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disappearing. Regeneration first appeared in 
the form of many small capillaries bridging 
over the wound after 5 days. When the capil- 
laries become functional, the abnormal dilata- 
tion of the venovenous anastomosis decreased. 
After 14 days, one vessel remained functional: 
this was the elective way of the venous blood 
circulation. At tha t  point, the other vessels 
were no longer functional. The flow is reversed 
at the distal end of the cut vein, going from the 
wound to the nearest  venovenous anastomosis. 
When the vein had regenerated,  the flow be- 
came normal again. 

During the healing process we also noticed 
that  the blood flow was slowed down in the re- 
gion of the wound. This phenomenon also dis- 
appeared when the normal outflow channel 
had been re-established. During the healing 
process dilatation of the veins was also noted. 
When we compared the rate of regenerat ion of 
the veins in our control group and in our ex- 
perimental  group we see that  after laser treat-  
ment  the vein regenerated quicker. Statistical- 
ly we found a significant difference matr ix  of 
0.47. 

Fig. 7. In the control group oedema disappeared after 10 
days while in the test group no oedema was present after 8 
days. 

Fig. 6. No adhesion after 6 days in the test group while 
adhesion persists much longer in the control group. 
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Regeneration of the lymph vessel 

In our control group, the lymph vessel was res- 
tored in the form of a network of newly formed 
lymph vessels. The regenerat ion of the cut 
lymph vessel appeared in a very specific form 
which was not seen in cases of regenerat ion of 
the veins. A network of small lymph vessels 
was observed in the wound area after  the third 
day and these vessels were abnormally perme- 
able, so that  the injected dye readily left the 
vessels a few minutes after the injection. This 
increase of permeabil i ty was even seen 6 
months later  in 50% of the cases. 

As in venous circulation reconstruction, we 
noted tha t  during the lymphatic regenerat ion 
the lymph was evacuated by means of lym- 
pholymphatic anastomoses until  and even 
after  restorat ion of the original system. 

In our experimental  group the cut lymph 
vessel never regenerated in the form of a net- 
work. The lymph vessel was restored to its ori- 
ginal pattern.  We observed hardly any in- 
crease in permeabil i ty  after the first few days. 
This means that  the regenerated lymph vessel 
was much more functional than  in our control 
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group. We also observed an acceleration of the 
regeneration process of the lymph vessel. 
When we compared the evolution of regenera- 
tion in our control group with our ex- 
perimental  group we found a significant differ- 
ence matrix of 0.45. 

DISCUSSION 

The results from this s tudy confirm what  we 
found in the l i terature concerning the import- 
ance of the lymphatic system during the wound 
healing process. Clodius (4), Reichert (5), Clark 
and Clark (6), Danese (7) and Satjukowa (8) 
have stated that  the regeneration of the lym- 
phatic system during the process of wound 
healing affected the occurrence of oedema and 
adhesion. The quicker the oedema (fluid waste 
products) can be drained, the bet ter  the wound 
will heal. 

The lymphatic system is primarily responsi- 
ble for the evacuation of this oedema. If the 
lymphatic system is destroyed (by the incision) 
the regeneration process of these lymph vessels 
will determine the evolution of the scar. In this 

Fig. 9. The lymph vessel regenerated quicker in the test 
group than in the contror group. 
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Fig. 8. The vein regenerated quicker in our test group than 
in the control group. 

study (control group N = 500) we could confirm 
this statement.  

Although no l i terature was available con- 
cerning the role of laser irradiation on this pro- 
cess of regeneration of the lymphatic system, 
we based our study on the work of Mester (1) 
who found much better  wound healing of leg 
ulcers after HeNe laser irradiation. 

That laser irradiation stimulates the regen- 
eration of lymph vessels was in this study very 
obvious. However, a lot of research has still to 
be carried out in order to understand the 
mechanism of the process. 

CONCLUSION 

In this experiment we have studied the influ- 
ence of a combined HeNe and i.r. laser treat- 
ment  on the regeneration process of blood and 
lymph vessels during wound healing. We com- 
pared the evolution of regeneration in a control 
group and in an experimental group. In both 
groups we made a standardized transverse in- 
cision of the abdominal skin in mice. 

For the parameters  that  we examined: adhe- 
sion, oedema and the regeneration of the vein 
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and the  lymph vessels we can conclude t h a t  
there  is a s ignif icant  difference be tween  both  
groups. 

Concern ing  the  r egene ra t i on  of the  lymph  
vessels we found not only an  acce lera t ion  bu t  
also a different  form of regenera t ion .  Ins tead  of 
a ne twork  we obta ined a r egene ra t i on  in the  
or iginal  pa t te rn .  

We th ink  tha t  these  s t a t emen t s  can par t i a l ly  
expla in  the be t t e r  hea l ing  of wounds  as a re- 
sult  of laser  t r ea tmen t .  
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