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Exper iments  on rabb i t s  showed that during p las t ic  r e p a i r  of a bone defect  in the t ibia by means  
of a musc le  flap on a cent ra l  vascu la r  pedicle  and e lec t r i ca l  s t imulat ion by a d i rec t  cu r ren t  of 
18-20 ~:A with change of po la r i ty  reorganiza t ion  of the musc le  flap was acce le ra t ed  and bone 
t i s sue  fo rmed in i ts  substance.  E lec t r i ca l  s t imulat ion of os teogenes is  a f te r  musc le  graft ing 
p r o m o t e s  r e s to ra t ion  of anatomic integri ty of the bone. 
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During the p las t ic  r e p a i r  of bone defects  by means  of a musc le  flap the graf t  gradual ly  a t rophies  and is 
conver ted  into sca r  t i s sue  [3, 4]. Rep lacement  of the graf t  by bone t i s sue  and r e s to r a t i on  of the anatomic in- 
t egr i ty  of the bone do not take p lace  [2, 5]. Invest igat ions have shown that os teogenes is  can be s t imulated af ter  
f r a c t u r e s  by applicat ion of a ve ry  weak e lec t r ic  cu r ren t  [1, 6, 8], through the intervent ion of e l ec t rochemica l  
p r o c e s s e s  [7, 9, 10]. Invest igat ion of the or iented recons t ruc t ion  of the musc le  graf t  and the fo rmat ion  of bone 
t i s sue  is thus pa r t i cu la r ly  important .  

The  object of this investigation was to study the poss ibi l i ty  and pa r t i cu la r  f ea tu res  of e lec t r i ca l  s t imu-  
lation of os teogenes is  in the substance  of a musc le  flap during p las t ic  r e p a i r  of cavi t ies  in bone. 

E X P E R I M E N T A L  M E T H O D  

E x p e r i m e n t s  were  c a r r i e d  out on 42 chinchilla r abb i t s  weighing 1.6-2.4 kg. Under asept ic  conditions 
p las t ic  r e p a i r  of a bone cavi ty  in the upper  third of the tibia through an oval defect  measur ing  7• 10 m m  on 
the outer  sur face  was c a r r i e d  out with a por t ion of the l a te ra l  head of the gas t rocnemius  musc le .  The  musc le  
graf t ,  on a cent ra l  vascu la r  pedicle  was fixed t r ansos seous ly  in the cavity and s i lver  wi re  e l ec t rodes  0.25 m m  
in d iamete r  were  implanted into the substance of the flap at  the level  of the cor t ica l  l ayer .  The  e lec t rode  of 
opposi te  polar i ty ,  made  of biological ly iner t  e lec t r i ca l ly  conducting po lymer ,was  located on the body of a min-  
i a tu re  device introduced under the skin in the in te r scapula r  region.  The  device s tabi l ized the s trength of the 
d i r ec t  e lec t r i c  cu r ren t  at 19-20 ~A i r r e s p e c t i v e  of any change in in te re lec t rode  r e s i s t a n c e  in the biological  
t i s sues .  The  device was actuated and po la r i ty  of the e lec t rodes  changed by means  of an external  commuta to r  
on the skin sur face .  

In s e r i e s  I (18 exper iments )  no e l ec t r i ca l  s t imulat ion was applied (control). In s e r i e s  I I  (eight exper i -  
ments)  the e lec t rodes  in the musc le  flap were  anodes 3-4 weeks af ter  the operat ion.  In s e r i e s  HI (16 exper i -  
ments) ,  af ter  the same  p rocedure  as in s e r i e s  II, the po la r i ty  of the e lec t rodes  was r e v e r s e d  and for  4-8  weeks 
the e l ec t rodes  in the musc le  flap were  cathodes.  

The expe r imen ta l  r e su l t s  were  evaluated on the bas i s  of cl inical ,  x - r a y ,  and histological  data. The ani-  
ma l s  were  kil led by intravenous injection of a i r  4 and 12 weeks a f te r  the operat ion.  Mater ia l  was fixed in 10% 
neutra l  fo rmal in  and embedded in celloidin; mic roscop ic  sect ions  were  s t ra ined  with h e m a t o x y l i n - e o s i n  and by 
Van Giesonts  method. 

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

The opera t ion was followed by some  worsening of the a n i m a l s '  genera l  condition and they became  apa-  
thet ic  and hypodynamic.  The  function of the exper imenta l  l imb was r e s t o r e d  a f t e r  2-3 weeks.  
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Fig.  1. Microfoci  of coagulation nec ro -  
s i s  in substance  of modified musc le  
flap near  anode on 28th day a f t e r  o p e r a -  
tion. Van Gieson, 400 x.  

Fig.  2 Fig.  3 

Fig.  2. Recons t ruc t ion  of musc l e  flap on 90th day a f te r  opera t ion  dur ing s t imulat ion of 
os teogenes is :  fo rmat ion  of new cor t ica l  layer  and r e p l a c e m e n t  of g ra f t  by f ibrous  t i s -  
sue in medul la ry  canal .  Van Gieson, 200 • 

Fig. 3. Res tora t ion  of cor t ica l  l ayer  in substance  of musc le  flap on 90th day a f te r  ope r -  
ation. H e m a t o x y l i n - e o s i n ,  400•  
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In ser ies  I (control) emptying and obliteration of the vessels of the flap, atrophy of the muscle fibers, 
and changes in their staining properties were observed on the 28th day. The nuclei of the muscle cells stained 
only in the central par t  of the flap. The peripheral  part  of the muscle flap, located in the bone cavity, contained 
a mosaic of disintegrating muscle fibers, which were replaced by loose amorphous connective tissue. A thick- 
ened dense fibrous capsule surrounded the altered muscle flap in the medullary canal. 

Subsequently the degeneration of the flap into scar t issue gradually progressed.  On the 90th day after 
the operation dense fibrous tissue filled the bone cavity. The fibroblasts around the electrodes were concen- 
t r ic  in arrangement and in the substance of the flap they were oriented along its axis. The defect in the cort i -  
cal layer of the tibia remained the same size as before and its edges consisted of modified bone trabeculae 
with extensive foci of resorption.  

In the experiments of ser ies  II during stimulation by a direct electric current  coagulation of elements 
of muscle tissue took place in the zone of the anode. On the 28th day the electrodes were surrounded by a 
thin-walled connective tissue capsule and conical groups of black granules, which in some areas resembled 
vesicles.  Immediately next to the electrodes the granules formed a continuous homogeneous mass, but away 
from the electrodes they were distributed mainly in the intercellular spaces and their density diminished (Fig. 
1). At the per imeter  of the granules numerous leukocytes and fragments of disintegrating free cells could be 
seen. The fibers of the muscle flap were reduced in size and shrunken, and their staining propert ies were 
uniformly altered. Individual fibers had a mummified appearance. Granulation t issue separated the flap from 
its bony bed. 

The peripheral  par t  of the flap 90 days after the operation was completely replaced by dense fibrous 
tissue. Small ciusters of dark brown granules and discrete  amorphous masses were found in the intercellular 
spaces near the electrodes.  Necrotic masses were being actively phagocytosed by macrophages. The central 
part  of the graft consisted of muscle fibers with hypertrophied fibrous interlayers.  Active resorption of the 
cortical layer of the tibia in the region of the defect was accompanied by a marked periosteal  and endosteal 
osteogenetic reaction. However, bone trabeculae did not invade the substance of the cicatrized muscle flap. 

In ser ies  III 4 weeks after  electr ical  stimulation (90 days after the operation) the boundaries of the for-  
mer defect in the cortical layer of the tibia were difficult to determine. The newly formed bone structures 
closely resembled the adjacent cortical layer  in the density of their x - ray  shadows. 

Bone trabeculae oriented circumferentially were observed in the cortical  defect around the electrodes. 
The newly formed cortical layer res tored  the integrity of the bone and consisted of thickened bone trabeculae, 
some of which were reorganized into lamellar structures.  The muscle flap in the medullary canal was r e -  
placed by dense fibrous t issue (Fig. 2) with discrete small fragments of disintegrating muscle f ibers .  Single 
yellowish brown granules in the intercellular spaces around the electrodes were surrounded by macrophages. 
The central part  of the residual muscle flap at the level of the periosteum changed into a band of dense fibrous 
tissue, interweaving into the newly formed cortical layer (Fig. 3). 

Stimulation by a very  weak direct  current  thus accelerates reconstruction of the muscle tissue around 
the anedal electrode and stimulates osteogenesis after a change in polari ty of the electr ic  current .  During 
plastic repair  of bone cavities with a muscle flap on a central vascular pedicle electr ical  stimulation of osteo- 
genesis promotes the formation of bone tissue in the substance of the flap and res to res  the anatomic integrity 
of the bone. 

L I T E R A T U R E  C I T E D  

1. M.G.  Akhalaya, K. A. Zakaraya, and M. S. Kakiashvili, Ortoped. Travmatol . ,  No. 9, 41 (1971). 
2. M.V.  Grinev, "Chronic osteomyelit is," Author's Abstract of Doctoral Dissertation, Leningrad (1969). 
3. M.V.  Grinev, Khirurgiya, No. 4, 72 (1975). 
4. V.A.  Dudin, Ortoped. Travmatol. ,  No. 5, 76 (1955). 
5. Z . P .  Lubegina and V. P.  Shtin, Ortoped. Travmatol. ,  No. 6, 76 (1976). 
6. S .S .  Tkachenko and V. V. Rutskii, in: Current  Problems in the Treatment  of Fractures  of the Long 

Bones [in Russian], Leningrad (1975), pp. 3-5. 
7. S .S .  Tkachenko and V. V. Rutskii, Ortoped. Travmatol. ,  No. 1, 1 (1975). 
8. C . A . Z .  Bassett, Calc.  Tiss .  Res., 1, 252 (1968). 
9. L . B .  Friedenberg, P. C. Roberts, and N. H. Didizien, J. Bone Jr. Surg., 53-A, 1400 (1971). 

10. L .S .  Lavine, L. Lustrin, and M. N. Shamos, Acta Orthop. Scand., 42, 305 (1971). 

386 


