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To accelera te  wound healing in the skin and muscles ,  steady [2, 4] and diadynamic [1] currents  are  used. 
Besides their  beneficial effect on wound healing they also have side effects,  manifested as a pain syndrome,  
hyperemia,  and i r r i ta t ion  of the t issues in the region of the stimulating e lect rodes .  In recent  yea r s  an a l te r -  
nating sinusoidal current  has come to be used for the t rea tment  of several  d iseases ,  including the promotion of 
bony union after  f r ac tu res  [5]. 

The aim of this investigation was to study the effect of an alternating sinusoidal current  of optimal f r e -  
quency on the p rocess  of skin wound healing. The optimal frequency of the st imulating current ,  i.e.,  the f r e -  
quency at which the threshold of muscular  contraction is minimal,  but e lect r ical  stimulation is most effective, 
exhibits species specifici ty:  it is 5000 Hz for man, about 500 Hz for  rabbits,  300 Hz for  ra ts ,  and 100-200 Hz 
for frogs [3]. 

EXPERIMENTAL METHOD 

Exper iments  (10 ser ies)  were car r ied  out on 120 noninbred male albino ra ts  weighing about 200 g, under 
general  anesthesia.  The experimental  model in ser ies  I-VIII consisted of l inear  incised skin wounds 5 cm long, 
inflicted on the dorsum of the rats  and closed with three interrupted sutures ,  whereas in ser ies  IX-X, full~ 
thickness excised wounds 400 mm 2 in a rea  were inflicted. Elect r ica l  stimulation by a subthreshold unmodu- 
lated sinusoidal current  (0.8-1.2 V, 0.07-0.13 mA) of optimal frequency for ra t s  (300 Hz) was given on the 2nd, 
3rd, and 4th days af ter  the operation, once a day. Stimulation was applied through lead plate e lectrodes  0.8-  
1.0 em 2 in area,  applied on two opposite sides of the wound and at a distance of 2-3 mm f rom its edge. Series 
I of exper iments  served as the control for the l inear  wounds, and se r ies  IX for  the full- thickness excised 
wounds; in these se r ies  the wounds healed without e lec t r ica l  stimulation. In the experiments of ser ies  II-V, 
dependence of the effect on the duration of the stimulation sess ion (5, 15, 30, and 60 rain respect ively) ,  and in 
ser ies  IV-VIII,  dependence on the frequency of the current  (5000, 50 and 600 Hz respectively) were determined.  
The effect iveness of e lec t r ica l  stimulation was assessed  visually, by means of a s t rain gauge (in experiments  
with incised wounds the breaking strength of the postoperative sca r s  was determined on the 7th day on the 
RM-30-1 tensile test ing machine) planimetr ical ly  (in experiments  with excised wounds the area  of the wounds 
was measured  on the 7th, 10th, and 15th days), and by histological and histochemical  methods (sections f rom 
pieces of t i ssue taken on the 4th, 7th, 10th, and 15th days after  the operation f rom the region of the wounds were 
stained with hematoxyl in-eos in ,wi thpicrofuchs ine  by Van Gieson 's  method, by s i lver  impregnation by Gomor i ' s  
method, with toluidine blue for g lycosaminoglycans ,  by the PAS react ion for glyeoproteins,  and by Brache t ' s  
react ion for  RNA). The resul ts  were subjected to stat is t ical  analysis.  

E X P E R I M E N T A L  R E S U L T S  

The best effect was obtained by stimulation of l inear  wounds with a sinusoidal current  (300 Hz) in ses -  
sions 5 and 15 rain in duration (Table 1, se r ies  II and III). In these se r i es ,  on the 7th day after  the operation, 
a nar row and hardly perceptible scar ,  which was s t ronger  than in the control, remained at the site of the l inear 
wound. If the duration of the session was increased  to 30 and 60 min their  stimulating effect was reduced 
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T A B L E  1. R e s u l t s  of  M e a s u r e m e n t  of  T e n s i l e  

S t r e n g t h  o f  P o s t o p e r a t i v e  Wound S c a r s  H e a l i n g  

u n d e r  t h e  I n f l u e n c e  of  a S i n u s o i d a l  C u r r e n t  

Series of Frequency 
experi- of current, 
ments Hz 

I Control 
I I 300 

1II 300 
IV 300 
V 300 

V I 5000 
VI I 50 

VIII 600 

D 
IStren2thof Increase in 

ura~i~n scars ~5n strength 
~f sessiontTth day, ]compared 
rain t /mmZ ]~ith control, 

5 
15 
30 
60 
15 
15 
I5 

37,2• 
74,9-t- 1,88 
77,7-t-2,36 
6l ,3+.1,23 
55,24-2,15 
57,0_+3,2 
45,7+- 1,25 
38,8• 

20l 
208,8 
164,7 
148,6 
I53,2 
122 
t04 

T A B L E  2. D e c r e a s e  in  A r e a  of  E x c i s e d  Wounds  u n d e r  t h e  I n f l u e n c e  of  a S i n u s o i d a l  C u r r e n t  and 
T i m e  f o r  C o m p l e t e  C l o s i n g  

Series of Stimulating factor 
experiments 

IX 
X 

Control 
Sinusoidal current (300 Hz, 

for 15 rain) 

Area of wound, mm 2 

7 days 10 days 

243+_6,8 167_+9,1 

157• 104__7,1 

15 days 

95+-6,3 

61• 

Mean time IMean time L �9 cceler ation of separation ~ . . . .  1 ~  F ~ 
of primary healing pt neailn 
~cab I 

12,64-i,1 ] 27,1-t-0,87 

8,95• 19,7--0,71 27 

F i g .  1. N a r r o w  l i n e a r  s c a r  in  d e r m i s  of  r a t s  on 7th day  a f t e r  o p e r a t i o n  (a) and a c t i v e  

p r o l i f e r a t i o n  of  f i b r o b l a s t s  and f o r m a t i o n  o f  g r a n u l a t i o n  t i s s u e  on 4th day a f t e r  o p e r a -  
t i o n  in  e x c i s e d  wound  (b). E l e c t r i c a l  s t i m u l a t i o n  wi th  s i n u s o i d a l  c u r r e n t s  of  300 Hz ,  
15 ra in  in  d u r a t i o n .  H e m a t o x y l i n - e o s i n ,  200 x .  

8]3  



(Table 1, s e r i e s  IV and V). Reducing or  inc reas ing  the f requency of the pulses  of cur rent  apprec iab ly  reduced 
the s t imulat ing effect  (ser ies  VI-VIII),  as shown by a reduct ion in s t rength  of the pos topera t ive  s c a r s .  

A sinusoidal  cur ren t  of 300 Hz, given in se s s ions  15 rain in duration,  p roved  effect ive for  s t imulat ing 
healing of extensive fu l l - th ickness  wounds (Table 2). The s ca r  of the wounds in the exper imenta l  s e r i e s  on the 
7th, 10th, and 15th days d e c r e a s e d  much f a s t e r  than in the control;  the p r i m a r y  scab sepa ra ted  on average  4 
days e a r l i e r ,  evidence of acce le ra t ed  matura t ion  of granulat ion t issue.  The wounds closed complete ly  on a v e r -  
age 8 days e a r l i e r  than in the control ,  i .e . ,  27% more  rapidly.  

The histological  study of the t i s sue  in the region of the l inea r  wounds showed that the skin s ca r  was most  
ma tu r e  a f te r  s t imulat ion by a sinusoidal  cur ren t  (300 Hz) in sess ions  15 min in duration.  The s c a r  was much 
n a r r o w e r  on the 7th day than in the control .  Compared  with the control ,  the connective t i s sue  of t he  s ca r  had 
fewer  cel ls  and more  ma tu re  fuchsinophil ic  and r egu la r ly  a r r anged  collagen f ibers ,  and contained no blood v e s -  
sels  o r  neutrophi l ic  leukocytes .  F ib rob las t s  were  act ively  fuchsinophil ic and the i r  cy toplasm r ich in RNA. 
The ep ide rmi s  cover ing the s c a r  on i ts  outer  aspect  was a l ready  well d i f ferent ia ted and i ts  cel ls  r ich in g ly-  
cogen (Fig. la) .  

The s t ruc tu re  of the s c a r  was s i m i l a r  a f ter  sess ions  of e lec t r i ca l  s t imulat ion las t ing  5 min.  In the groups 
whose sess ions  las ted  30 and 60 min, and also in groups  in which the f requency of the current  was 600 or  50 
Hz, the connective t i s sue  of the s c a r  was much l e s s  ma tu r e  and dif fered only a l i t t le f r o m  the control .  Epi the-  
l iza t ion was absent  in some an imals .  

In the s e r i e s  of expe r imen t s  with exc ised  fu l l - th ickness  wounds marked  acce le ra t ion  of r e p a i r  p r o c e s s e s  
was obse rved  a f t e r  e l ec t r i ca l  s t imulat ion.  On the 4th day af ter  the opera t ion  vascu la r  congestion was less  
ma rked  in the exper imen ta l  an imals ,  exudation and neutrophi l ic  inf i l t ra t ion were  on a s m a l l e r  scale ,  and capi l -  
l a r y  s t a s i s  and m i c r o t h r o m b o s i s  were  absent ,  evidence of the m o r e  rapid  ending of the i n f l ammato ry  phase of 
wound healing. Compared  with the control ,  p ro l i f e ra t ion  of f ibroblas ts  was m o r e  intensive,  the RNA content in 
the i r  cy top lasm was higher,  and accumula t ion  of g lycosaminoglycans  was p resen t .  Besides  i m m a t u r e  a r g y r o -  
philic f ibers ,  fuchsinophil ie  f ibers  also were  vis ible ,  evidence of more  rapid collagen f ibr i l logenes is .  By the 
7th day, marg ina l  epi thel izat ion of the defect had begun and matura t ion  of granulat ion t i s sue  took place much 
m o r e  rapidly .  By the 10th-15th day, bes ides  contract ion and in t e r ca l a ry  growth of the de rmis ,  s t ruc tu ra l  
changes took place  in the granulat ion t i ssue ,  with i ts  convers ion into f i b r o u s - s c a r  t i s sue ,  and with epi the l iza-  
tion of the defect .  This p roce s s  took place much f a s t e r  in the exper imenta l  an imals  than in the controls .  Ac -  
cording to [5], s inusoidal  modulated cur ren t s  no rma l i ze  act ivi ty of t i ssue  oxidative enzymes  and prote in  and 
nucleic acid m e t a b o l i s m  in musc le  t i s sues  when d e p r e s s e d  as a resu l t  of a pathological  p roce s s ,  they improve  
the c i rcula t ion of blood and lymph and the functional s ta te  of the neu romuscu la r  sys tem,  and s t imula te  t i ssue  
nutri t ion.  It can be tenta t ive ly  suggested that  the m e c h a n i s m  of act ion of the sinusoidal  cur ren t  on wounds is  
by improving  the mic roc i rcu la t ion ,  reducing the in tensi ty  of i n f l ammato ry  p r o c e s s e s ,  s t imulat ing me tabo l i sm in 
the cel ls  and the i r  functions and in te rac t ions ,  and intensifying pro l i fe ra t ion  and different ia t ion of f ib roblas t s  
and f ibr i l logenes is ,  and a lso  p ro l i fe ra t ion  of the epi thel ium. 
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