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S~geons ~sualiy cmp|oy al'loplasty, i.e., u~mplJntattcx! of nonliving plates {metal, horn, plastic) to r t -  
place Jekct~ in .~onrcgeneraOng, integumentary, human cr~nl~l box~.~. However, foreign material carmot 
avoid c~.~,~sing ~ome b . ~ f f ~  effect c~ tx:elth)' living tiss~'s and orgara-  for exatnp|e, the benin; ~e~ef~e hlo- 
lc,gicat methods for co~:ring de,eL,  wfth living bony tt~t~ ti~01dd F~: de~elopcd. Autoplastic or bomoplattJc 
t~:~iant,~tion of deve k~,~d botts, ot cartil~ge is diffic+~lt a~M t+ attended b)' the resorption of tff~ Lrar~tpiantateg 
~ ~ i o u t  ~ r k s  [8,9, ~0L we pro~,~ed t i ~ e  biolo#c~l meth~xit. ~ e  of which wa~t t ~ d  tuoceL~fMly in another 
I~boratccy [2.3k 

In thh work. we p~o~se a new~ simpler It~thod a~l~ alto p~wnt d~t~ .'~g.~rding the depe, n~ency of mamma-  
li~rl integ~m~cntary ct~fiM bones' regcner~tlc~d on age, 

Wke,'a sr ~p d~e ex./x~riment:, we startled from the folWwing premtsc~ It. casc~ where a defect is ard-  
~cialty f~d~ced in the integ~mentdry r bcmc, of rake,  d~s  .~nd other ~nima-is, altho~gh re~ct~eration owcr 
tim act,~l edge of t?~ ~dccayed b~me in the pcziostem~ it absent, slight signs of o~tcogez~esis arc nevenhelem 
evident [ 10~. Orgam regcr~cratr more efficiently and completely when their component tissuc~ a ~  destro)~ed [ ~  
T~e tails ~nd r  of mature axolotls can regenerate ~hcn their tiss~es are completely destro}~,d [8]. A. 
N, St~d~ts~ 3" [ 12] also obtained complete r~gcacration after destroying mu~cle= capoble of rege.~eration in roos- 
tte~-, and ra~. Wc proposed fl~at slightly decaying mammaLianintegumentary crania! bon~.  noaregeneraung 
under ordinary condifio~s, can be stimulated to r-~gemr:t~on by ~,~'~n~ of artificial intensification of their decay 
by de~tr~c.fio~ 

E X P E R I M E N T A L  METHODS 

A total of 54 animals were used in the exper|ment. DestrJctioa experiments were conducted on 11 mduR 
white mice and 11 whi~e ra~. and experiments to determine the de~ndency of regeneration on age, oa .t five- 
day old kittens ~ad on 8 eight-day old rau. Beside* thig a cranial r~of de~c t  wa*artifldallyinduced ia 10 
adult mice ~nd t0 ad~lt rats, which were twed as the con~ol. The operation wal pe~or~ed under startle r 
t iO~  After ether alesthcsia h~d been administered and the fur had been plucked and shaved, an incision war 
made into'the skin of thd head to hhc left of tl~ center line, Rectar, gula: pieces, constituting about half of the 
surface of the parietal hones, were ex~kpared trom the cranium on the right; the piccg:s were 6x3  mm ia the 
mice, 8xG mm in the rats and 20x 15 mm in the kittens. In the rats .and kittem, the boric was ,awe.d outwitha 
special saw, but a scalpel was used foe the operation on the mice. Special care was taken to prevent damage 
rp the cerebral membranes, although ~hey were slit in one or two p la~s  in a few ca..e/, In the  destruction ex-  
pcrimenu on the mice and rats, the sectioned cranial roofs were ground lnto a powder on a curing grinder of 
V. E. Sokolov's design, the bone dust was moistened with a solution of penicillin ptepmred in a physiological 
solution, and the resulting thick paste .was transplanted homoplastically in a thick layer on to the region of tim 
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cranial defect, partially covering the edge of.the old bone. Afmr the operation, the reg/onof the wound was 
drenched with penicillin, the =kin wa= sutured, the wound= were covered with slzeptocide, and the an/real= wel~ 
injected with perdcfllin In do~es Of 2,000 to IO,O00 unil= for a period .of 2-G dayt. All the animals lived. In the 
destruction expe r imen~hemJce  were sacrificed on the 10th, 16th, 60th* 84th and 120th day=, and the rats, on 
the 23rd,. 80th and 150th days after the operation, In ~e  experiment= examining the age  factor, the k/nero were 
killed on ~he 34th, 60th andgGth day=, t he rau  on the 60~,  10~nd and 1P.4~d~y= &f'~ the optr~t/on. 
pieces were fixed in 10% formalin, Zenker'~ fluid with added formalin or acetic acid. dccalcined in ~ m t r ~  
acld,imbedded in celloidin-p~rMfln, cut /n to  lateral ~etlon= l 0 micron= thlck and san/ned by Mallor)-'~ method 
or with hematoxylin-eo~/n, 

EXPERIMENTAL Rs ULTS 

In the destruction experiment, tmfortunamly, the paste =ometim~ fell out of nhe ~efect region while the 
skin was being s~ured. When it wps displaced., a thin, supple, fibro~ laser appeared in the region of the de- 
fect. just as i~ the con~l, with the artificaI inducement of a simple defect. In the places where the paste re- 
mained in place, the cranial defect was completely or partially filled with .,~wly formed, regenerated bone. 
The regeneration process of the .c-areal bone d.iffezedsomewha~ in ~he mice and ra~. I~ bo~h, a rvddening of 
~he skin and a severe infi~mmatlon of the ti~ue i~ the region of the wound was observed the ft~st days after the 
operation. Tb3~ abated on the ]~h  day In the mlce; ~n the reSien of the defect, between the edges of the crani- 
al bone, a thlclr laye~ of immature connective ~i~e fom]ed, made ~p of in)all arid ~ t r ~ w ~ t  larger bone partl- 
cles, distributed at far, dora, wh|cb L'ccame or ~lo~g the line of tension (Fig. IS.. The cells had di~ap- 
~a~ed is alm~s'. ~lt of the p~r~IC]e~, aSd ~bv bc~y sub~r was p~ni~ll)' dissolved. S~cha/~cvJce w~  oh- 

2 

Fig. 1. Destroyed ~s~ue tn the region ~f the defect [n a parietal bose of a 
mo~e on the IC~ day after the operation, 
I) connective ti.~ue: 2) bone ~rticl~s~ 

served tn both the central and ~cripher.~! ~tl~ of the ~ar~p]~=:e~ rz~ass, where the particles lay on the edge of 
the old bone. On ~e 16th day ~her ~ operation, the connec:ive tlssuc and the whole destroyed raass .be~=n 
to thicken. On the 8Oth day and 120th day, ~.~e dcstaoyed t~ta~ became firm and hard, iike norr~l cranial 
brae. and coraisted of rs~wly formed, co.~rse-fibere, d bone, [n which many aceUular bone particle= appeared, 
sealed Into it, colored lil<e nocrr~l bone ~nd showing no signs ofnecros~. TLe newly fom~ed bone was especl- 
ally.thick ar.d dense in ~he parts adjoining d~e old bone 'Fig. 2). It had nobone marrow cavities and was con- 
slderably younger fl~n the old bone. which Pad a lamu~a~ed, dense st~ctme with many bone marrow cavitleat. 
The edges of the did bone adjoising the destroyed mau and the newly for~ned bone wCze somewhat mcce re- 
juvenated than the more distant portions of tlm old booed Many bone cells appeared in the bone paz~clez lying 
on the old bone: the panicles were enveloped in newly formed, dense bone. which also contlined osteocytes, 
and were organically fused with the surto.~dlag bony tissue. The periosteum on the old bone, where the bone 
panlclea lay, d~appeared and was cl~n~ed .~nto newly formed bone, A new perlo~eum, coveting the upper 
sudace of ~e newly formed bone. which had replaced the destructive mass, formed from cc,~nect/ve tissue, 
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~h,~ p ~ t ~  was ~s to thai ~ c r ~ e d  by T. P. Vitmgradova [4] In experirr~Rs c,Iablishtng U~I. in plastic 
o}~rat~om perfom~'d on humans, pir of  h y a l i ~  carralage ~timulate the surroanding connective tir~ur .to 
r r~ tan~a-p~e  into a perio~teurrg In cases whcr~ the ~ramplanmd ~ had either fallen out or been c o m -  
~k:e~ty res~bed..i .e. ,  wheni t  wa~ not retained. ~ w .  ~Icl,,. coar~r-flbered bone neve~rl~I4r~ formed In the 
regi0~ of t~" defr it~ ealcificatioa was ~ m r  retarded. 

!:: g~w ~a~. L {!7.,: J~t~oic,J >-one 1g~a~: wa, , ~  mco@otated imo ~'~e. r egen~a~ ,  b~l stLm~ated the s~r~o~tr~d- 
3;2 c3=cadct{kc ~/~ ar ~o fe~ea~ra:a'~-eo ~ew f o ~ } a t ~  j:~I as cartilage, er ext~act~ f~om iL ~ti~'atal~ con~ective 

':~ ~-~:.~&~., and Iook ~ ,  ~:} i*~cc~.stra~'~or,~. Was Ib.i~ tizsue l iv ing ,  Er it wa{, sir, cr many bone particles 
)n }~,:: .~ac,' c~:a, ,aed lav.e },c~e ccg~. bu.* e~"en if ~ere were no li~e borne cells. ~ e k  basic bone s~bstance wou{~ 
:,-~<:~hcie= i,,a~ b~.ea 2re:cPeed ar':C would have s-tai~d the same as r~ormal bone. T~,i~ q~.st~on W~ be re~ lv -  

~ : c  s~ec~l feature of ~i~ wcck was ~ ~ of t.~ desmaction method to obtain ~er~er~tion of  the tntego 
~a=~a.~:" ~ a ~ a |  bones in .several k i ~  of  ad~at~ mammats, which or~nari ly a~  nor~egeaera~ng,and obcaLqcd 
a ~ : t ~ e  ~ s ~ .  / $~mila~ mctL~>d ~as been ~*r by s~rgeom s~ar on tabular ~ ' . ; ( G J ,  

T~$ s~m?le ar~ effective method of e r a ~ {  bo~e dc~ruction m~st be perfected on dog~ afterwhlch, it 
ma:  b ,  eomLd~red ~ar c l i ~ c a |  t~a~. It does not c a ~  inf tammato~ ~ I r ~ n a  or co~mi~a~e~ in ll~e cerebral 
~ m a r a ~ e s  o~ in t l~ brain. 

|a the experiments examaning the L~dlur162 of  the age facto, on the regenera~on of  ~ t a t e g u m e n t a r y  
cranial ~ s ,  complete r e g e ~ r a t ~  ~'='.accd iaaL1 of the kittens a f a r  the cranial bone piece: had been re-, 
: :~.~d ffi~. 31. Regeneration wa~ mo~ ~ t e ~  aRmg the c o ~ ' ~  of  the large bk, od vcascls lying in the ~ o o v ~  
br162 the. con~l~ttons of ~he cor~x of the eeae~al  hemisphereg then spread o ~ r  the r surface of  the 
d~a mater in the regioa of  the defect, On th~ a4:h day after the operatio~ ~ c o n ~ l i ~  tiasur stage of  
c~ndal development was reached, and ap~oxL'na~ly  one-third of  t he i egeoe~ te  ~uthr was filled with yotm~, 
newly-fo~m~d b o ~ .  On the 60th day, ossffkatic~ had extended over ~ e  entire surfaoa of 1 ~  defect, and on 

the ~ t h  day, the s~all-~vr bone had beoome very th/ek. The borne regenerated by new fomaatlo~, 
, ~ i ~  to bo~e deve lopm~t  in normal embryogeae~ig The edgesofthe thick, old bone "~te notie.~ w i t h n u ~ -  
e m ~  ~ e  mar~e~ l a c ~ a r  avxl sha~ly delimited from the regenearatiag bon~,although lx~th Ixa~s w~rr in~l~*a:tly 
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joined in many places with connective tissues which had not yet omlfled, The shape of the rcgcnerated bone 
followed that of the b ra in -  the ridgesand the prominences on the inside surface of the regenerated cranial bones 
always conformed exactly and ~rtcfly to d~e surface of the tmderlying brain and vessels l)ingln the g r~ve t  b e -  
ween the brain co~volutiom, In one case where, due w intracranial prenure, the brain with the membtane~ pro., 
~ d e d  like ~ Jmob into the boue defect; the bone regenerate formed exactly the same prominence. 

Fig. 3..  Complete cranial bone regneration i 0 ~ VJttc~ c,~ O~c 
9~th day after removal of the bone piece, which i, show~, n,:,.t 
to cr~Murr~ Seea from below. 

In tSc c,~:rimc~tl ~ the baby rau which ]a~ted tJ? to 124 days, tl)c cr~nlal b~e onl ) te~e~e~ted In 
ea~eS; i~ C c~L them was no re&~ncratioa, but th, defec: wax ovc~gro~'n with a supple fibro~ layer~ T~ ic- 
g~.~cr~tc~ bor:- w~s not unifoma in t~|ckn~s; it was ~ck at th~ edges of the old bone ~nd thin in other pl~cr 
b ~  ~om~ti~:~cs f~mcd thich pla~es. In out p~ccc~h~g ex~:rlmcnts, it was shown that the cranial Ix)no, can rc- 
genc,,,~.~,' c~',p,~t ~1) i~ 26 ~a}~ in p~p~c'~ a m~nlth old ~ i,5,8,9,10, l 1], The prc~cnt data show ttmt complete 
teg~.t~cr~tio~ r ~ '  c~anial rc~f 5o~es can a t ~  ~.~c~ in 5-day old kittens, altI~ugh more slowly than in the 
dogs. ~fhc cranial bonc~ do not regenerate wclt in g-day old baby rats (2 ~ i t i v e  easel vert.m 6 negativ~ c~cs,L 
b'Jt can regeaetam, The cranial bonef do not regenerate in ~dult doge rats and mice. as we were able to con- 
clude ea, lier. Co~teq~ntly..the example afforded us by the cranial bones of mammals confirmsone of the 
principal rule~ of res~.neratiort. Le.. that t~r ability to regenerate "decreasesas the att~mal grow, older. Cranial 
bone rcger.erasion in ~ destractien experimen~ was similar to that occmring hi )otmg a~nlalt,  which have 
the ability m ~ege.~erate a given organ. 

Therefore, ~omopIastic transplantation of frcshl)~destro)'ed material oo, taitlcd f~cm the integumentary 
(.r~ial bo~csc,mes the bone in t~e regio~ of fl~c cranial bone defect to.be cornpletcl)' restored in adult mice 
a~J ~a~. L w~.os~ inte~rrsentary bones c~nnot r~e~'~crateo 

The rcge~e:ation of newly-formed bone it effectcd by the influence of the destroyed material on tim con,  
~cctcd tipsy, which it stimulate, to beecme bone (in tatsk In mice. the destroyed matt-rill also participatel 
dirccr in th~ formation of tim new bose. 

Unli]~ adult animals, which cannot reger~etat, the lntegummtary bones of the cranium, }~otmg animals) 
.5--da} Old kitl~ns and 8-day old baby rat.% like one-month old puppies, can regcncra~ these organs completely. 
R~2gcactatic~ of the integumentary, aatt ial  bones ~ceed~ similarly to tile new formation of bone which oe~utt 
in embr)-ogen~it, 

Cranial bone tegcncration artificially effocteM by the destruction method is similar to that occurring ~ft~tr 
simple extitpatiov, of a cranial bone piece In young anirrmlt. 

S U M M A R Y  

In order to stimulate regenerative bone formation in adult mammals experimenu were conducted in 
replicing cranial bo~e defects by ground cranial bode. In tau the homotranspianted bone-grindings rewlve~ in 
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~.ht~c week*..in mic~ - mc~re slowly - t h c y  ~L-eprcserved for several monda, Done grlndings stimulated trana- 
formation of local ctmnective ~iuue into genuine bone tlxtue, and replaced cranial bone defects both in rats and 
mace. 
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