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Surgeons usually employ altoplasty, i,c,, wansplantation of nonliving plates (netal, hom, plastic) to re~
place defects in nonregenerating, integumentary, humaa cranial bones, However, foreign material cannot
avoid causing some honmful effect on healthy living tissucs and organs ~ for exainple, the brain; therefore bio-
fogical methods for covering defrets with Hiving bony  tisue should be developed, Autoplastic or homoplastic
‘ransplantation of developed bone or cartilage is Jifficult and is attended by the resorption of the trangplantates,
1n pieviens warks [8,9,10], we proposed three biological methods, one of which way wsed successfully In another
laboratory (2,3) ‘

In this work, we propose a new, simpler incthod and alio present data regarding the dependency of mammns«
Hen integumuontary cramal booes’ regeneration on-age,

When serting up the experiments, we started from the follawing premiser, In cases where 3 defoct iy ard=
ficially induced in the integumentary cranial bones of mice, dogt and other animals, although repencration over
the actusl edge of the undecayed bone {n the periostewn is abrent, slight signs of ostcogenesis are nevertheless
evident {10}, Organs regencrate’ more efficicntly and completely when their component tissues are destroyed {9],
The tails and exuentitics of mature axolotls can regencrate when thelr tissues are completely destroyed (81 A,
N, Swuditsky [12] also obt2ined complete regencration after destroying muscles capable of regeseration in roos-
ters and rats, W¢ proposed that slightly decaying mammalian integumentary cranial boass, nonregenerating
under ordinary conditions, can be simulatwd to regencration by means of antificial intensificaton of their decay

by destruction,

EXPERIMENTAL METHODS

A towl of 54 animals were used in the experiment, Destruction experiments were conducted on 11 adult
white mice and 11 white rats, and experiments to determine the dependency of regeneration on age, on 4 five-
day old kinens and on 8 eight-day old rats, Besides this, a cranial roof defect wasartificiallyinduced in 10
adult mice and 10 adult rats, wiich were nsed as the control, The operation was performed under sterile condi~
tions, After cther anesthesia had been administercd and the fur had been plucked and shaved, an incision was
made into the skin of the head to the left of the center line, Rectangular pieces, constituting about half of the
surface of the parietal hones, were extirpated from the cranium on the right; the picees were 6x3 mm in the
mice, By 5 mm in the rats and 20x 15 mm in the kittens, In the rats and kittens, the bone was sawed outwitha
special saw, but a scalpel was used for the operation on the mice, Special care was taken to prevent damage
tp the ccrebral membranes, although they were shit in one or two places in a few cases, In-the destruction ex=
periments on the mice and rats, the sectioned cranial roofs ‘were ground into a powder on a cutting grinder of
Vv, E, Sokolov's dusign, the bone dust was moistened with a solution of penicillin prepared in a physiological
solution, and the resulting thick paste was transplanted homoplastically in a thick Jayer on to the region of the



cranial defect, partially covering the edge of the old bone, “After the operation, the region of the wound was
drenched with penicillin, the skin was sutwed, the wounds were covered with streptocide, and the animals were
injected with penicillin in doses of 2,000 to 10,000 units for a period of 2-5 days, All the animals lived, In the
destructon experiments, the mice were sacrificed on the 10th, 18th, ¢0th, 84th and 120tk days and the rats, on
the 23rd, 80th and 150th days afier the operation, In the experiments examining the age factor, the kittens were
killed on the 34th, 60th and §6th days, the rats on the 60th, 102nd and 124th days after the operadon,
pieces were fixed in 10% formalin, Zenker's fluid with added formalin or acetic acid, decalcined in 5% nitric
acid,imbedded in celloidin-paraffin, cut into lateral sections 10 microns thick and sained by Mallorys method
or with hematoxylin-eosin,

EXPERIMENTAL RESULTS

In the destruction experimens, unfortunately, the paste sometimes fell out of the defect region while the
skin was being sutured, When it was displaced, a thin, supple, fibrous layer appeared in the region of the de~
fect, just as i the control, with the artifical inducement of a simple defect, In the places where the paste re-
mained in place, the cranial defect was completely or partially filled with newly formed, regeneiated bone,

The regeneration process of the cranial bone differed somewhat in the mice and rats, Ja both, a reddening of

the skin snd 2 severe inflammation of the tisut in the region of the wound wat observed the first days afier the
operation, This 2bated on the 10th day ia the mice; in the regicn of the defect, between the edges of the crani-
1 bone, a thick layer of immatwe connective tissue formed, made up of smalt and somewhat larger bone parti-
eles, distributed st random, which became woriented along the line of tension (Fig, 1), The cells had disap~
peared in almost ali of the particles, and the bony subuance was partially dissolved, Such.a picnue was ob-
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Fig.-1, Destroyed tissue in the region uf the defect in a parietal bone of 2
mowse on the 10th day after the operation,
1} connective tissue; 2) bone particles,

served in both the central and peripheral part of the wansplanied mass, where the particles lay on the edge of
the old bone, On the 16th day zfter the operation, the connective tissue and the whole destroyed. mass began
to thicken, Cn the 80th day and 120th day, the destroyed mas became firm and hard, like normal cranial
bone, and consisted of newly formed, coarse-fibered bone, in which many acellular bone particles appeared,
sealed Into it, coiored like normal bone and showing no signs of necrosis, The newly formed bone was especi-
ally thick ard dense in che parts adjoining the old bone Fig, 2), It had mo ‘bone maircw cavities and was con-
siderably younger than the old bone, which had a laminawed, dense structure with many bone mamow cavites,
The edges of the oid bone adjoining the desroyed mass and the newly formed bone wese somewhat more re~
juvenated than the more distant portions of the old bone, Many bone cells appeared in the bone particles lying
on the old bone; the particles were enveloped in newly formed, dense bone, which also contajned osteocytes,
and were organically fused with the surrounding bony tissue, The periosteum on the old bune, where the bone
particles lay, disappeared and was changed into newly formed bone, A new periosteum, covering the upper
surface of the newly formed bone, which had replaced the destructive mass, formed from connectve tisue,



The picture was siinuiar to that observed by T, P, Vinogradova [4] in experiments citablishing that, in plasdc

operations performwd on humans, picces of h}amm cartilage stimulate the surrounding connccdve tisiue to
metamorphose (n1o 2 periosteum, In cases wherz the wansplanted tissue bad either fallen out or been com~
pletely resorbed, de,, when it was not retained, new, thick, coarse-fibered bone nevertheless formed in the
region of the defect, but its calcification was somewhat retarded,

t,. 2, Dense, sbwiy-formed bone iathe region of 3 cramal defect fn &
e on the Forl duy afer wansplantation of e Jestroved bone,

Pt rets, the destrored mas was flly moeorhed by the 28rd day #fwr the operation, and, at the sarme
e, now 3oy boene farred b the Tndd e of e leyer while regeneration occunted from the edges of the
o3 neme, U the B3th and 1800k daye afor e operation, the newly formed boae fooked like well-developed
minde, vonicksd with thie odpes of the ofd bone and Hike sinall platss distributed over U rest of the defect
wrfece, Hi ulogical s stoady <howed than the rogene sating boue was thunner and younger than the old craniai bone,

Yo the rams, the wiﬂ?{};mf Sone thisue was 1ot mcor;matfed into e regenwrate, but stimulated the surrcund-
Lo conmwetind D Yo mgenerauve, new formation just as cartilage, or extracts from it stimulate connective
¢ o mecenw vafilage 77,131 In the mice, the destroyed tissue was itself incorporated into the newly formed
v herndes, aad took part in izconstrucdon, Was this tssue living ® Evidently it was, since many bone particles
a4 mice contaned lve bone colls, but even if there were no live bone cells, their basic bone substance would
severtneles have been nreserved 2nd would have stzined the same 25 normal bone, This guestion will be resolv~-
wd by ospecial study,

The specisl feature of this work was the we of the destruction method to obtain regeneration of the integ-
amentary cramal bopes in several Kinds of adult mammals, which ordinarily are nporregenerating, and obtained
2 pontise reqlt, £ similar method has been used by surgeons successfully on tubular bones [6]

This simple and effective method of cranial bone destruction must be perfecied on dogs, after which, it
o be considered for clinical use, It does not oawse inflamunatory phenomena or comnmusres in the cerebral
e niaranes of in the brain,

in the experiments examining the influence of the age factor on the regeneration of the integumentary
cranial bones, complete regeneration cocurred in all of the kittens afwer the cranial bone piece had been re~
mcved {Fig, 3% Regeneration was most intense along the course of the large blood vessels lying in the grooves
between the convolutions of the conex of the cerebral hemispheres, then spread over the entire swface of the
dura mater in the region of the defec, On the 34th day aiter the operation, the connective tisue stage of
cranial development was reached, and approximately one-third of khe‘iagencritc surface was filled with young,
new ly-form@d bone, On the 60th day, ossification had extended over the entire surface of the defect, and on
the 36th day, the still-developing bone had beoome very thick, The bone regeneraied by new formation,
similar 10 bone development in normal embryogeoesis, The edges of the thick, 01d bone were noticed with num-
erous bone martow lacunae and sharply delimited from the regenerating bone, although both bones were indirectly
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jolned in many places with connective tssues which had not yet omified, The shape of the regenerated bone
followed that of the prain— the ridges and the prominences on the inside surface of the regencrated aranial bones
always conformed exactly and surictly to the surface of the underlying brain and vesscls lyingin the grooves be~
ween the brain convolutions, In one case where, due to intracranial pressure, the brain with the mesmbranes pro~
truded like # nob into the bone defect, the bone regenerate formed exactly the same prominence,

Fig, 3, .Complete cranial bone regneration iy « kiftey on the
36th day aficr removal of the bone plece, which is showu nest
1o cranjurm, Seen from below,

I the csperiments on the baby 1ats which lasted up to 124 days, the cranial bone only regenemted in 2
casey; in & cams, there was no regencration, but the defect was overgrown with a supple fibrous layer, The re-
generated bone was not unifarm in thickness; it was thick at the edges of the old bone and } thin in other placey,
but sometimes formed thick plates, In our preceding experiments, it was shown that the cranial bones can e
RERLTAT C6Rs ,,m tely in 26 days in puppics & month 01d{1,5,8,9,10,11), The present data show that complete
regencration of the cranial roof bones can also vecwr In S-day old kinens, although more slowly than in the
dogs, The cranial bonet do not regenerate well in 8-day old baby rats (2 positive cases versus § negative cascs),
but can regenerate, The cranial bones do not regenerate in adult dogs, rats and mice, as we were able to con»
clude eartier, Comsequently, the example afforded us by the cranial bones of mammals confirms one of the
principal rules of regeneration, ie,, that the ability to regenerate decreases as the animal grows older, Cranial
bone regeneration in the destruction experiment was similar to that occurring in young 2nimals, which have '
the ability to regenerate 2 giwen organ, ‘

herefore, homoplastic transplantation of freshiy destroyed material ootained fem the integumentary
cranial hones cawes the bone in the region of the cranial bone defect 1o be completely restored in adult mice
awd rete, wirose imegumentary bones ¢mnot regenerate,

The regeneration of newly-formed bone is effected by the influence of the desuoyed material on the con-
nected tissue, which it stimulates to beccme bone (in rats), In mice, the destroyed material also participates
direetly in the formation of the new bone,

Unlike adult animals, which cannot regenerate the integumantary bones of the cranium, young animals,
S-day old kinens and B-day old baby rats, like one~month old puppies, can regencrate these organs completely,
Rugencration of the integumentary cranial bones pmcaeds similarly to the new formation of bone which occurs
in embryogenesis,

Cranial bone regeneration anificially effected by the destruction method is similar to that occurring afer
simple extirpation: of a cranial bone picce in young animal,
SUMMARY

In ordez to stimulate regenerative bone formation in adult mammals experiments were conducted in
replacing cranial bone defects by ground cranial bone. In rats the homotransplanted bone- grindings resolved in
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three weeks, In mice — more slowly — they weepreserved for several months, Bone grindings stimulated trans-
formation of local connective tissue into genuine bone tissue, and replaced cranial bone defects both in rats and
mice,
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