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In  previous re p o rts  [1, 2] we h a v e  d iscussed  th e  ex p e rim en ta l use of 
fillings m ade of p o ly m eth y l m e th ac ry la te  sy n th e tic  resin  an d  ny lon  m esh  for 
th e  re p a ir  of thoracic  defec ts . The re su lts  induced  us to  ex ten d  th e  experi­
m en ts  also to  o ther fields an d  n ex t p o ly m eth y l ac ry la te  tu rn in g s  w ere used 
for th e  filling of bone cav ities . The evidence o b ta in ed  in  an im al experim en ts 
an d  in  operations ca rr ied  o u t in  coopera tion  w ith  D r . K . P a p  show ed th e  
po lym erized  m eth y l-m eth ac ry la te  p roduced  by  th e  P las tic s  R esearch  In s t i tu te  
to  be su itab le  for su rg ica l purposes. I n  ag reem en t w ith  o th e r au th o rs , we 
h av e  fo u n d  considerable appositional bone fo rm ation  a round  th e  sy n th e tic  
resin  endoprostheses. E a rlie r , one o f us (Bornemisza) observed th a t  a con­
nec tive  tissu e  capsule is form ed a round  collodium ized p o ly m eth y l m e th a c ry ­
la te  tu b e s  which have  been  succesfully used for th e  re p a ir  o f  defects 
in  th e  abdom inal a o r ta  [3]. Thus, th e  p lastic  in  question  u n d o u b ted ly  
ex e rts  a co n tac t p ro life ra tiv e  effect. T h is is p resu m ab ly  th e  m ore m arked , 
th e  la rg e r  th e  surface o f  th e  m ateria l. H einze [4], who m ade a careful 
s tu d y  o f  th e  use o f p la s tic s  in su rg e ry , found th a t  sy n th e tic  resin  can 
be u sed  also in  a sep tic  env iro n m en t, th u s , for exam ple, in  cases o f  chronic 
osteom yelitis .

T he filling of b one  cavities due to  d ifferen t conditions (cysts , cavities 
form ed in  th e  course o f  chronic osteom yelitis , etc.) is o ften  v e ry  difficult. 
A ltho u g h  several m e th o d s have been developed to  solve th e  p ro b lem , i t  is 
alw ays d ifficult to  find  th e  one m ost su ited  in  a g iven case. T he com m onest 
m eth o d  em ployed for filling non-infected  cav ities is th e  use o f bone g ra fts . 
T his is n o t a simple p rocedure . To o b ta in  th e  au to p lastic  bone g ra f t, th e  p a tie n t, 
a lread y  exposed to  su rg ica l stress, has to  undergo  a second o p era tio n , w ith  all 
th e  inconvenience an d  risk s  i t  en tails. As our experim en ts [5], to o , te s tify  
h o m o io transp lan ts can  be  used  a t a d v a n ta g e  b u t p rese rv a tio n , as well as the  
choice o f  th e  donor, o ften  p resen t d ifficulties. As regards h e te ro tra n sp la n ts , 
on th e  b asis  of the ex p e rim en ta l and  clin ical resu lts  th e re  is som e re luc tance  
to  th e ir  use. In  c o n tra s t w ith  th is, a llop lastic  resins, w hich are  cheap , easy 
to  p u rch ase  and  re s is ta n t to  infection , o ffer ce rta in  ad v an tag es. T he physico­
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ch em ica l, m echanical a n d  biological p roperties o f po ly m eth y l m e th ac ry la te  
h a v e  been discussed in  d e ta i l  in  earlier rep o rts  [2, 6].

In  the presen t e x p e rim e n ts  i t  has been a tte m p te d  to  enhance ap p o sitiona l 
b o n e  form ation  b y  using  p o ly m e th y l m e th ac ry la te  as endoprosthesis in  d iffe r­
e n t  operations (Fig. 1). T h e  m ateria l has th e  a d v a n ta g e  th a t ,  be ing  a b y ­
p ro d u c t , it  is p rac tica lly  w ith o u t cost and , b e ing  n e u tra l to  tissues and  m ost 
chem ica ls , it  can be m ix ed  w ith  an tib io tics an d  ch em o th erap eu tics , a p ro p e rty  
m o s t  advantageous in  in fe c te d  areas. T urn ings seem  to  be superio r to  globules, 
b e cau se  the  la tte r  have to  be  form ed an d  sh ap ed  an d  lose th e  ac tive  ag en ts  
in  th e ir  crevices m ore ea s ily , th a n  the tu rn in g s .

Fig. 1. Magnified appearance of the methacrylate turnings used

To fill large cav itie s , tu rn in g s  can be used  sim u ltaneously  w ith  p la s tic  
o r  ev en  bone g rafts  to  p ro v id e  sufficient m ech an ica l s tre n g th . T hus a w ide 
v a r ie ty  of com binations is  possible.

W hen m aking th e  tu rn in g s  to  be used  fo r such  purposes, all k inds o f  
c o n ta m in a tio n  m ust be a v o id ed  carefully and  th e  w ork  should be carried  o u t 
w ith  in terrup tions so as to  p rev en t depo lym erisa tion  due to  h e a t, th e  m ono­
m e r ic  form  of the m a te r ia l  be in g  toxic.

In  earlier ex p erim en ts  w ith  thoracic fillings m ade of p lastic  tu rn in g s  in  
n y lo n  sac, histological ev id en ce  was o b ta ined  show ing th a t  connective tissue  
tra b e c u le s  with am ple v a sc u la r  supply  had  developed, in te rw eav in g  th e  tu rn in g s . 
T h e re  was no sign of in f la m m a tio n  or tum o ro u s g row th , e ith e r a t  gross or a t  
m icroscopic exam ination . T h e  final outcom e w as th a t  th e  fillings, w hich in i­
t ia l ly  h ad  been m erely  a llo p lastic , had  becom e “ au to -a llop lastic”  as fa r  as 
th e  organ ism ’s own tissu es  w ere represen ted  in  i t  in  a p ropo rtio n  n ea rly  equal 
to  t h a t  of the allop lastic  m a te ria l.

In  our experim ents concerned  w ith th e  filling o f bone cav ities we have in v es­
t ig a te d  w hether th e re  so u ld  develop bony trab ecu les  in  th e  in te rspaces betw een
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th e  tu rn in g s , th a t  would n o t only  fill th e  in te rspaces b u t  would a t th e  sam e  tim e 
form  s tru c tu re s  sufficiently  re s is tan t to  be  exposed to  m echanical s tre ss .

As pre lim inary  ex p erim en ts , b o th  tib ia e  w ere frac tu red  in  7 dogs. On 
th e  le f t side a sm all a m o u n t of m e th ac ry la te  tu rn in g s  was p laced  betw een 
th e  fra c tu re  ends, w hereas on th e  rig h t side, w hich served as th e  con tro l, n o th in g  
w as in te rp o sed  betw een th e  frac tu red  en d s of th e  t ib ia . The fra c tu re d  lim bs 
w ere im m obilized  by  m ean s o f p laster c a s ts  u n til  recovery  was com plete . The

I' ig. 2. Fracture of the tibia. Dog. Radiographic appearance 3 weeks after operation, a) Side 
treated with methacrylate turnings, b) Control side

first co m p ara tiv e  rad io g rap h s were m ade tw o weeks a fte r opera tion , rep ea tin g  
th e  ex am in a tio n  when so req u ired . E x cep t for tw o cases in  w hich th e  frac tu re  
ends h a d  been dislocated a n d  thus the  re su lts  could n o t be e v a lu a ted , callus 
fo rm a tio n  w as found to  be  enhanced on th e  side w ith  th e  sy n th e tic  resin  
in te rp o s itu m  (Fig. 2). A lth o u g h  the tw o tib ia e  could n o t be frac tu red  in  ex ac tly  
th e  sam e w ay  and th e re  could  have been differences in  healing , th e  resu lts  
w ere considered  as a s ta n d a rd , the m ore so as histo logical ex am in a tio n  showed 
callus fo rm atio n  to be n o rm a l also on th e  side wdiere m e th ac ry la te  h a d  been 
in te rp o sed  betw een th e  f ra c tu re  ends.

N ex t, experim ents w ere m ade on 20 dogs. U nder E v ip an  an aes th es ia , 
in  th e  p ro x im a l epiphysis o f  b o th  tib iae  we c rea ted  cav ities as b ig  as possible 
w ith o u t causing  the co rtica l lay er to b re a k , ta k in g  care th a t  th e  cav itie s  be
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e q u a l  in  size. In to  th e  r ig h t  t ib ia l  cav ity  a sm a ll vo lum e of pen icillin  so lu tio n  
w a s  in jec ted  and th e  p e r io s te u m  and  soft tissu es  w ere u n ited . T he c a v ity  in  
t h e  le f t tib ia  was filled w ith  m e th ac ry la te  tu rn in g s  m ixed  w ith  pen icillin  p ow der, 
c lo s in g  the  periosteum  a n d  so ft tissues as in  th e  case of th e  r ig h t t ib ia . N o 
c a s ts  were applied. T h e  re s u lts  were ev a lu a ted  b y  observ ing  th e  e x p e rim en ta l 
a n im a ls , b y  m aking  ra d io g ra p h s  and h isto log ica l stud ies.

In  general, th e  a n im a ls  to lera ted  th e  o p e ra tio n  well an d  stood  on th e ir  
l im b s  in  2 or 3 d ay s . N o n e  o f them  developed  secondary  fra c tu re  o r s u p ­
p u ra tio n .

Fig. 3. Radiographic appearance of cavities created in the proximal tibial epiphysis 2 months 
after operation, a) Condensation around the cavity containing methacrylate turnings, b) No 

such change is visible on the control side

Subsequently , ra d io g ra p h s  were m ade a t  in te rv a ls , th e  first one 1 m o n th  
a f te r  operation. For h is to lo g ica l study  th e  an im a ls  w ere sacrified 1 to  14 m o n th s  
a f te r  operation. As e a r ly  as  in  2 m onths, th e  m a rg in s  of th e  c a v ity  filled w ith  
a c ry la te  tu rn ings a p p e a re d  m uch denser th a n  those  of th e  c o n tra la te ra l, 
c o n tro l one (Fig. 3). L a te r  on  th e  site of th e  c a v ity  filled w ith  ac ry la te  tu rn in g s  
g a v e  a much m ore in te n s e  shadow  th a n  d id  th e  con tro l c av ity , th e  in te n s ity  
o f  th e  shadow in c rea s in g  g rad u a lly . This w as in te rp re te d  as in d ica tin g  th a t  
a t  f irs t condensation d ev e lo p ed  a t the m arg in s  o f th e  cav ity , to  ex ten d  la te r  
in to  its  interior, as a s ig n  o f  in tensive ossification  on th e  side c o n ta in in g  th e  
a c ry la te  tu rn ings, w h ich  g ive  no X -ray  shadow .

For histological s tu d y  th e  decalcinated  bones were tre a te d  w ith  acetone 
to  dissolve the  a c ry la te , to  allow m aking  sec tions. I t  w as found  th a t  in  th e  
f irs t  3 m onths a ro u n d  th e  filling neither in fla m m a tio n , nor an y  o th e r p a th o -
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Fig. 4. Cavities remaining after dissolution of methacrylate turnings ; connective tissue filling 
the interspaces. Four months after operation 

Fig. 5. Ample vascularisation in connective tissue (4 months)

logical changes had  developed  and th a t  th e  in te rsp aces  betw een th e  tu rn in g s  
w ere g rad u a lly  filled b y  connective tissu e  sep ta . T he tu rn in g s  a n d  th e  con­
nective tissu e  in terw eav ing  th em  form ed a “ concrete  like”  s tru c tu re , w hich 
on w eight bearing , i. e. u n d e r  th e  in fluence o f fu n c tion , becam e m ore an d  m ore 
capable  o f fulfilling its s ta tic a l role. In  th e  co m p act and  th e  spongious lay e rs  th e  
cav ity  system  rem ain ing  a f te r  the a c ry la te  h ad  been dissolved w as clearly
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Fig. 6. Condensation of tissue in the connective tissue septa next to the acrylate filling
(4 months)

Fig. 7. After 11 months the thinner connective tissue trabecules have ossified

v is ib le . These k inds o f  c a v ity  were clearly  d istingu ishab le  from  th e  o rig inal 
o n es o f the spongiosa, p a r t ly  on grounds of th e  presence of red  m arrow  in  th e  
spong iosa  in terspaces, a n d  p a rtly  by  th e  irreg u la r, to rtu o u s , p eaked  shape 
o f  th ese  cavities. In  F ig . 4 th is  cav ity  sy stem  an d  th e  connective tissue  fil­
l in g  its  spaces can  be  seen  as it  appeared  4 m o n th s a fte r  o p era tio n . D u rin g  
th e  first few m o n th s fib ro b lasts  abounded  in  th e  young  connective tissu e , 
w h ic h  contained also o th e r  ty p es of connective tissue  cells, as well as ly m p h o ­
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cy tes  an d  p la sm a  cells. A s i t  can  be seen  in  F ig . 5., th e  co nnec tive  tissu e  was 
am p ly  vascu la rized . A t th e  connective tissue-bone ju n c tio n  th e re  is  a sharp  
line  ; th e  ossification line. I n  the  co n tro l specim en of th e  sam e age th e  cav ity  
is filled w ith  loose connective tissue.

As a re su lt  of th e  c o n ta c t p ro life ra tiv e  effect o f the  p lastic , in  th e  an im als 
sacrificed  a f te r  8 m onths ossification w as considerab ly  m ore m a rk e d  on the 
side c o n ta in in g  the  ac ry la te  th a n  i t  w as  on th e  contro l side. M arg ina lly , a t 
th e  ju n c tio n  betw een ac ry la te  and  b o n e , ossification was m uch m ore  m arked  
th a n  th e  o th e r  side. The ossification o f  th e  connective tissue tra b e c u le s  s ta rte d  
a t  th e  bony  m arg in s  b o rd erin g  the  c a v ity , an d  sp read  g rad u a lly  in to  th e  cav ity  
itse lf. F ig. 6. shows th e  ap p ea ran ce  o f  th is  process a fte r 4 m o n th s . O n the  
con tro l side th e  ra te  of ossification  a lw ay s  re m a in e d  less m ark ed  th a n  on the  
side co n ta in in g  the  ac ry la te  tu rn in g s . In  th e  an im als killed a f te r  11 m onths 
o r la te r  th e  connective tissu e  trab ecu les  h av e  been replaced b y  b o n y  trabecu les 
(F ig . 7). T h e  process was com plete a t  12 m o n ths ; a t th a t  tim e  th e re  is a net- 
w erk  of b o n y  trabecu les filling the  c a v ity  as a whole, w hereas no  su ch  s tru c ­
tu re s  are v isib le  in  the  con tro l c av ity , in  w hich th e re  is ossification  sp read ing  
from  th e  p e rip h ery , b u t th e  cen tre  is filled w ith  connective tissu e  on ly .

On th e  basis  of the  above resu lts , we recom m end  for filling sm a ll cavities 
m e th a c ry la te  tu rn in g s a lone, and fo r la rg e  ones, w ith  a th in  c o rtic a l layer 
liab le  to  fra c tu re , m e th acy rla te  tu rn in g s  in  com bination  w ith  o th e r  m ethods. 
I t  seem s th a t  in  th is  field p lastics c e r ta in ly  offer some a d v an tag es .

Summary
Experimentally created bone cavities were filled with polymethyl methacrylate turnings 

obtained practically without cost as a by-product of shaping of blocks. The interspaces between 
the turnings were observed to be filled in time by connective tissue septa, which later under 
went ossification. Thus, the cavity in which the acrylate turnings had been placed became 
filled with a network of bony trabecules ; this phenomenon was not observable in the control 
cavity not containing turnings.

Polymethyl methacrylate turnings can be applied in combination with antibiotics 
also in septic areas. They can be combined with the application of grafts, made either of 
plastic or of bone.
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ЭКСПЕРИМЕНТАЛЬНОЕ ПРИМЕНЕНИЕ СТРУЖЕК ПОЛИМЕТИЛ­
МЕТАКРИЛАТА ДЛ Я ЗАПОЛНЕНИЯ КОСТНЫХ ПОЛОСТЕЙ

Д Ь. БОРНЕМИСА и Г. БАКО

Авторы излагают метод для заполнения искусственно вызванных костных поло­
стей стружками, полученными от полимеризированного метилметакрилата в качестве 
отбросного продукта. Они сделали то наблюдение, что в щелях, между упомянутыми 
стружками образовались соединительнотканные прослойки, которые со временем окосте­
нели. Таким образом полость на пролиферативное действие контакта с искусственной 
смолой заполнялась костной тканью со стороны периферии скорее, чем на противополож­
ной стороне. Но параллельно с этим в системе соединительной ткани, заполняющей всю 
полость, произошел также процесс окостенения. Таким образом заполнение костной 
тканью полостей, заполненных стружками искусственной смолы, произошло скорее чем 
на контрольной стороне. Полученная в качестве отбросного продукта стружка искусст­
венной смолы не требует почти никаких затрат и в комбинации с антибиотиками ее можно 
применять также и при септических процессах. Применение стружек можно сочетать 
с одновременным применением костяных шин, либо шин из искусственной смолы.

EXPERIMENTELLE ANWENDUNG VON POLYMETHYLMETHACRYLAT-SPÄNEN 
ZUR AUSFÜLLUNG VON KNOCHENHÖHLEN

GY. BORNEMISZA und G. BAKÓ

Es wird ein Verfahren zur Füllung experimentell hervorgerufener Knochenhöhlen mit 
aus polymerisiertem Methylmethacrylat als Abfallprodukt erhaltenen Spänen beschrieben. 
Es wurde beobachtet, dass in den Spalten zwischen den erwähnten Spänen sich Bindegewebe­
schichten bilden, die sich mit der Zeit verknöchern. Auf diese Weise wurde die Höhle nicht 
nur schneller als die Gegenseite von der Peripherie aus mit Knochengewebe ausgefüllt, son­
dern parallel damit ging in dem die ganze Höhle ausfüllenden Bindegewebenetzsystem auch 
ein Verknöcherungsprozess vor sich. Auf diese Weise erfolgte die Ausfüllung mit Knochenge­
webe der mit Kunstharzspänen gefüllten Höhlen viel schneller als auf der Kontrollseite. Die 
als Abfallprodukt erhaltenen Kunstharzspäne kosten nichts und können mit Antibiotica kom­
biniert auch in septischen Gebieten Anwendung finden. Die Verwendung von Spänen kann 
m it dem gleichzeitigen Gebrauch von Knochen- oder Kunstharzleisten verbunden werden.

Prof. György B ornemisza, 
D r. Géza B ak ó ,

D ebrecen, 12. Sebészeti an a tó m ia , H u n g a ry
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