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Abdominal or other types of hernia som etim es present great difficulties 
to the surgeon. I f  the defect cannot be repaired by making use o f adjacent 
tissues, these being insufficient qualitatively or quantitatively , one has to resort 
to transplantation or to the use of alloplastic m aterials. In spite o f the good  
results reported from the use o f plastics (meshes o f  perion, nylon, orlon) and o f  
metals and alloys not noxious to tissues (stainless steel, tantalum  m eshes), 
it  still seemed justified  to search for better possib ilities in the field o f tissue  
transplantation.

For the repair o f  herniae, which can be cured by making use o f adjecent 
tissues only with d ifficu lty , K irschner [11], Gallie and L e  Mesurier [7, 8], 
Wangensteen [20] and others have recommended the use o f autoplastic fascia  
lata o f the thigh, as a m ost resistant tissue. Ali [1], then Djuvara et al. [6] 
have recommended for strengthening the abdom inal wall in cases o f inguinal 
hernia o f excessive size the use of autoplastic, free skin flaps deprived from the  
epidermis. Although the above procedures have proved to be valuable, th ey  
could not gain wide acceptance, because the operation required to obtain auto­
plastic tissue makes surgical treatm ent com plicated and prolonged.

In the light o f earlier experiments [23] and after the introduction o f  
adsorptive lyophilisation for preserving tissues (I. S z i l á g y i  [18]) it has been  
thought that a procedure has become available for the prolonged preservation  
of the fascia, which had been successfully stored also in isotonic penicillinised  
solution under refrigeration (at -(-4° C) for use as a transplant. U s h e r  [19] 
has realised a similar theory, but in so doing he follow ed Gallie’s earlier m ethod, 
in which thin strips cut from lyophilised fascia la ta  have been used as living  
suture. Thus, the fascia was used not for repairing a defect, but merely as a 
means for avoiding that tissues under tension be cut, as often occurs when  
conventional sutures are used.

In the present experim ents the fascia was used in  the form of flaps, based  
on the consideration th a t w ith extensive herniae the tissues cannot be brought 
to unite even by exposing them  to extreme stretching and the abdominal w all 
has to be “ patched up” . This technique of hernorraphy had been em ployed,
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in  experim ents and practice alike, b y  Rittenhaus [15], Levit [12], Greggio[9], 
S tewart [17], Lingleton and Stehouwer [13], w ith autoplastic fascia l flaps. 
A s far as we know, nobody has so far used hom oplastic fascia for th is  purpose. 
W e decided to subject the latter possibility to experimental trials.

B eing a bradytrophic tissue, the fascia la ta  can be transplanted under the 
con d ition s of homo-, or even heterotransplantation and, in addition, its  relatively  
low  m oisture content m akes it very suitable for lyophilisation (freeze-drying). 
In  general, bradytrophic tissues are better homotransplants than  tissues ac­
custom ed  to more active v ita l functions (for exam ple skin, kidney), because the 
form er suffer less from tissue incom patibility than the latter. This p oin t has 
n o t been fully elucidated, th is is presum ably because the bradytrophic tissues are 
gradually  connected in to  the circulation o f the recipient organism  and, 
consequently , antibodies are formed at a slower rate.

The theoretical and practical aspects of adsorptive lyophilisation  have 
been  dealt with in detail [3, 18]. All we now wish to point out in th is connection  
is  th a t  the procedure has proved o f great value, especially for the preservation  
o f  vessels and bones, and offers numerous advantages over other m ethods of 
t is su e  preservation [4]. Lyophilised tissue can be stored at room tem perature 
for alm ost unlimited length  of tim e and stored in glass tubes sealed  under 
vacu u m , it  can be readily transported.

To confirm the va lid ity  of our theory, animal experiments w ere carried 
o u t. The fascia lata o f the dog, and, in particular, its lateral, stronger part 
corresponding to the iliotib ial tract, seem ed to be most suitable for use as the 
tissu e  to  be preserved. Rectangular flaps, averaging 6 x 8  cm. in  size, were 
c u t  from  the fascia freed from muscle and fat, washed in penicillinised isotonic 
so lu tion , spread on a glass cylinder and lyophilised. The transplantation experi­
m en ts were carried out in 15 adequately prepared dogs, under intraperitoneal 
E v ip a n  anaesthesia. From  paramedian laparatom y a laurel leaf-shaped defect 
w a s created in the abdom inal wall, varying in  extent from 6 to 8 b y  4 to  6 cm, 
according to the size o f th e  animal. In  th is area everything from skin to peri­
ton eu m  was removed, creating thereby conditions similar to w hat th e  surgeon 
h as to  face when treatin g  an abdom inal hernia by operation. M eanwhile, the  
lyophilisation  tube was opened, a preserved fascia of suitable size selected, 
p laced  into a penicillinised, warm physiological solution for 10 m inutes. The 
lyophilised  fascia thus treated  regained its orginal moisture content and became 
ev en  histologically com pletely similar to freshly removed fascia. A fter mobilising 
and suturing the peritoneum  at the margin o f the artificial defect in  th e  abdominal 
w a ll, the fascia was sewed circularly to the margins of the muscles w ith  knotted  
s ilk  sutures and the skin wound was united . Thus, what we did w as to  repair 
b y  preserved fascia the defect produced b y  extirpation of the bilateral rectus 
abdom inis muscle and part of the linea alba (Fig. 1). In operations on larger 
anim als not one, but tw o layers of fascia were used and care w as taken  that



Fig. I . Repair of abdominal wall defect by means of fascial transp lan t preserved by lyophilisation
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th e  fibres in the two fascial grafts should m eet crosswise. This m ethod seem s 
to  be the m ost suitable in hum an subjects, too.

Fig. 2. Histologic appearance of a fascial tran sp lan t four days after transplantation . N uclear 
sta in ing  is absent, the collagen fibres are slightly undulant, a few immigrated leucocytes can

be seen
Fig. 3. Histologic appearance of transp lan t 14 days after transplantation. F ibroblasts have 

penetrated  from the environm ent between the collagen fibres (A =  transp lan t)

In  the experim ental animals the surgical wound healed primarily, except 
in  one case in which suppuration due to  extrinsic causes resulted. Where prim ary
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w ound healing had occurred, no hernia developed later. Twelve animals were 
killed at intervals from  1 day to 10 months after the operation for exam ination. 
The remaining anim als are still alive.

Fig. 4. 3 months following transplantation the tra n sp lan t can still clearly be distinguished 
from  the adjacent tissues (A =  transplant)

Fig. 5. Richly cellular connective tissue septa are visible betw een groups of collagen fibres in th e
transp lan t

In the animals k illed  during the first 3 m onths after operation the outlines 
o f the transplant w ere visible to the naked eye. The fascia was found to  be



HOMOTRANSPLANTATION OF FASCIA PRESERVED BY LYOPHILISATION 1 7 7

tense and held well. The outlines of older transplants became more and more 
ind istinct and 6 m onths after operation they  were hardly visible. In  the latter  
cases the border between the fascial transplant and the recipient tissues could 
be visualised only in serial histological sections.

H istologic studies revealed the following. In the animal killed one day 
after transplantation the nuclei in the fascial transplant showed no staining. 
In  the animal killed after 4 days the pattern was similar ; the collagen fibres 
were m aintained, slightly  undulating (Fig. 2). A t sites, there was some round 
cell infiltration around the transplant. 14 days after transplantation cells have 
in filtrated  between the collagen fibres of the transplant from the adjacent 
connective tissue and remained in the interfibrillar space (Fig. 3). In the animal 
killed after 3 m onths the fascial transplant could still clearly be distinguished  
from  the surrounding tissues (Fig. 4). The transplant was slightly “undulating” 
in  appearance, the collagen fibres were swollen, w ith  occasional homogeneous 
areas. As compared to the neighbouring tissues, the transplant was poor in 
cells, but connective tissue septa rich in cells were present between the single 
groups o f collagen fibres (Fig. 5). In these connective tissue septa, and at sites 
also between the swollen collagen fibres, there were collagen fibres, new ly formed 
vessels growing in from the environment. Foreign body giant cells were not 
visib le either in the transplant, or in its environm ent, except at the site of the 
sutures. The transplant was surrounded by young, richly cellular connective 
tissue w ith abundant vascularisation (Fig. 6). This connective tissue could 
sharply be distinguished from the fascial transplant poor in cells and formed 
an interm ediate between the transplant and the m uscles o f the recipient (Fig. 7). 
In the animal killed 6 m onths after transplantation the fascial transplant with  
the connective tissue septa in it showed a niche-like pattern ; the collagen fibres 
were not any more swollen (Fig. 8). There was no inflam m atory reaction, vascu­
larisation was sufficient, the preperitoneal fa tty  tissue and the peritoneum under 
the fascial transplant were normal. The 6 to 10 m onths old transplants became 
more and more similar to normal fascia in histological appearance. Thus, the 
devitalised fascial hom otransplant has become “ live tissue” again, gradually, 
over a period of half a year ; in this process, functional stress undoubtedly had 
its role.

In earlier experim ents, P eer [14] proved that the fate o f the fresh fascial 
hom otransplant (which has not been preserved and consequently, whose v ita lity  
has not been interfered with) is closely similar to ívhat we have outlined above. 
Here, too, cellular elem ents soon perish and are replaced by fibroblasts penetrat­
ing from the environm ent.

I t  is more difficult to form an opinion concerning the fate of the collagen 
fibres and of the few elastic fibres in the transplant. We do not know of any 
m ethod that could offer decisive proof regarding this point, so that we are unable 
to  make any definite statem ent. Attem pts have been made to elucidate the
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problem  by impregnation, because collagen fibres of different ages are known 
to  sta in  differently, but no decisive proof could be obtained to show that, for 
exam ple, whether or not 6 m onths after transplantation the collagen fibres are

Fig. 6. Richly cellular, abundan tly  vascularised connective tissue around the transp lan t
(3 m onths after operation)

F ig. 7. The junction betw een connective tissue shown in Fig. 6. and muscle fibres of the recipient
organism  (3 months after operation)

identica l with the original fibres. It  is believed th at the process taking place in 
th e  fascial transplant is sim ilar to  that occurring in hom otransplants of bone [3] ; 
th e  collagen fibres are gradually broken down, but meanwhile new collagen
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fibres are produced by the fibroblasts originating from adjacent tissue and the  
tw o processes, breakdown and neogenesis, create a dynam ic equilibrium m aking  
the transplant wholly capable o f  function. The ability  of fibroblasts to  produce  
collagen has been confirmed b y  W olbach [21], Stea rn s  [16], H am [10] and 
b y  others. H am has suggested that fibroblast would be capable of producing  
elastin, too, though this statem ent is still debated. As far as the success o f  the  
operation is concerned, th is problem is not at all significant because th e  trans-

Fig. 8. Histologic appearance of transplant 6 m onths after transplantation

plant retains its original structure even after reorganisation. Evidence supporting  
this view  has been obtained by Ch a n d y  [5] who over a period of 4 years follow ed  
up the fate o f  fascial strips from cattle after preservation in 70 per cent alcohol, 
and transplantation into m an. After 4 years the transplants were still d istin ­
guishable from the recipient tissue, exhibited characteristic structure and had  
sufficient strength, in spite of the fact that as heterotransplants they w ere more 
exposed to the noxious effects o f  tissue incom patibility than hom otransplants. 
To this should be added the more recent observation made by P e e r  [14] th a t  
the fascial transplant preserved in  alcohol elicits severe tissue reaction even  
when used as a homograft ; no such tissue reaction has been caused by lyophilised  
m aterial in our transplantation series. U sher  [19] rem oved a strip o f preserved  
fascial transplant 37 days after transplantation and found it  to be equal in  ten sile  
strength to fresh fascial strips, in spite of the fact th at at that tim e reorganisation  
was well advanced.

On grounds of the above experim ental evidence and data in the literature  
we believe th a t fascia preserved b y  lyophilisation is suitable for use as hom o­
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transplant, so that th e  p atien t can be spared th e  additional operational stress 
o f  obtaining the au top lastic  fascia.

Fascial transplants can be used in a w ide variety  of pathologic conditions. 
A part from the surgical treatm ent of hernia, fascial transplants have been 
em ployed successfully in  arthroplasty, in surgery for rectal prolapse, in muscle 
paralysis (for exam ple in  trapezoid palsy), for the repair of dural, urethral and 
tracheal defects, for replacing tendon, in the surgical treatm ent o f spina bifida 
and  meningocele, in facia l paralysis, in neurolysis for covering the affected 
nerve, for the external strengthening o f aneurysm us of greater vessels, in 
nephroptosis, in habitual dislocation of the patella  and of the humeroscapular 
jo in t, in rupture o f  th e  liver  for preventing incision by sutures, etc.

In our own experim ents, lyophilised fascia l transplants have been used 
for repairing defective tendons, as tendineosus, gastric-intestinal suture and 
for the repair of vascu lar defects. An account o f  the latter experim ents will be 
published at a later d ate.

Summary

H o m o tran sp lan ta tio n  ex p erim en ts involving th e  u se  o f fascial g ra fts  p reserved  by  lyo­
p h ilisa tio n  for th e  re p a ir  o f a rtif ic ia lly  created ab d o m in a l w all defects in  th e  dog hav e  been de­
sc rib ed . The results h a v e  b e en  satisfac tory . H isto log ical ex am in atio n s show ed th a t  a lth o u g h  the  
s ta in in g  of nuclei soon ceased  in  th e  fascial t ra n s p la n t, fro m  th e  en v iro n m en t f ib ro b la sts  pene­
t r a t e d  betw een collagen f ib re s , revascu larisa tion  to o k  p lace  an d  th e  tra n sp la n t becam e capable of 
fu lf illin g  th e  actual fu n c tio n a l requirem ents. On th e  b a s is  o f successful experim en ts  th e  au thors 
feel ju stified  to recom m end  th e  use of preserved h o m o p la s tic  fascia in th e  surg ical trea tm e n t of 
ab d o m in a l or o ther h e rn ia s  o f  excessive size and also in  o th e r  fields o f surgery .
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Г О М О Т Р А Н С П Л А Н Т А Ц И Я  Ф А С Ц И И , К О Н С Е Р В И Р О В А Н Н О Й  Л И О Ф И Л И З А Ц И Е Й

ДЬ. БОРНЕМИСА, Г. БАКО и Л. ФАРКАШ

А вторы  излагаю т свои эксперим енты  гом отран сп лан тац и и , п р оведенн ы е ф асц ией , 
кон серви рован н ой  п утем  л и оф и л и зац и и . В х оде  св о и х  опы тов они зам ещ ал и  вы званны й  
у  с о б а к  деф ект брю ш ной стенк и  таким  способом . И х  результаты  ок а за л и сь  у д ов л етв о­
рительны м и. Гистологические и ссл едован и я  вы явили, что окр аск а я д ер  п р ек р ати л ась  
в ф асц ии  з а  короткое вр ем я , н о  из окрестности врастали  ф ибробласты  в п р о м еж у т к и  
м е ж д у  коллагенны м и в ол ок н ам и , в трансплантате пр оизош ло вторичное обр азов ан и е  
с о с у д о в , причем  он пол ность ю  испол нил возлож ен н ы е н а  н его  ф ун к ц и он ал ьн ы е задачи. 
Н а  основании результатов  с в о и х  эксперим ентов авторы  реком ендую т п р и м ен ен и е  кон­
сер в и р ов ан н ой  гом оп ласти ческ ой  ф асции при операти вном  лечении гр ы ж  брю ш ной  
стен к и  или прочих гр ы ж , а т а к ж е  и в д р у ги х  о б л а с т я х  х и р у р ги и .

HOMOTRANSPLANTATION D E  FASCIA CONSERVÉ PAR LYO PH Y LISA TIO N

G Y . B O R N E M IS Z A , G. B A K Ó  e t  L . F A R K A S

Les auteurs rendent com pte de leurs expériences concernant l’hom otransp lan tation  de 
fascia conservé par lyophylisation dans les solutions de continuité de la paroi abdom inale du chien. 
Les résu lta ts étaient satisfaisants. Les examens histologiques m ontren t que les noyaux  du fascia 
transp lan té  sont devenus incolorables, que des fibroblastes des tissus environnants se son t glissés 
parm is les fibres collagènes e t que la transplantation revascularisée é ta it apte a rem plir entière­
m en t les fonctions qui lui incom baient. Se basant sur les résu lta ts de leurs experiences, les auteurs 
recom m endent l’utilisation du fascia homoplastique conservé dans les hernies de la  paro i abdomi­
nale, dans le tra item ent chirurgical d ’autres hernies étendues, ainsi que dans d ’au tres domaines 
de la chirurgie.

Prof. György B o r n e m isz a ]
Dr. Géza Bakó ! Debrecen, 12, Seb. M űtéttani In t., Hungary.
Dr. László F arkas
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