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As has been established, ionizing radiation has a blastomatogenic property. Various type, of "external e 
radiation ~ ,  x and B rays, neutrons) and radiation with radioactive elements entering the organism can lead 
in given conditions to malignant growth of that organ or tissue subjected to their influence. Thus, cancers and 
sarcomas cff the skin, the tissue, of the buccal cavity, and various internal organs in persons follo~mg the, ao 
peutic irradiation with x-rays and radium are known [3, 6, 14, 20 and many othet~. In cases of depotlt of  
radioactive elements in the organism, a malignant process tonally develops in the organs and tissues, accum.. 
ulating these substat, ces 'lungs, bone system) or secreting them at, for example0 the colon [11, 15, 16e 17j etc.]. 

The por of producing tumors ofmany organs and tissues by textemal* radiation, or by the effect of 
radioactive element, entering the organism has been experimentally demonstrated. On these questiom, ex- 
temive material has been accumulated and presented in detail in a number of reviews and monograpla rJ ,  7. 
14, 15, 21]. 

Recently much attention has been paid to the study of the po~ibility of the development of malignant 
turmort of the bone tissue with affections induced by radioactive substancea. Thh is due to the fact that many 
radioactive elements possess the capacity of depositing and maintaining thermelves for a long time in the bones 
(the majority of products of division of xtranium, plutomum and other elementl). 

Martland wa~ the first tc describe the development of bone sarcomas in pertom with radioactive t u l x m  
deposited in the organism. Since then, many experimental papers have appeared in which the development of  
tumors of the bone tissue in various animah upon lntroddction of various radioactive elementt,~montinm, 
yttrium, cerium, zirconium, radish, plutonium, etc., has been described [7, 8, 9, 19, etc.]. Recentlyt them 
experiments have been reproduced in monkeys [1]. 

It is,however, necessary to say that m ~ y  questio~ connected wi~ the study of the development of tumors 
of the bone tissue under the influence of radioactive substances remain unexplained. There are no descrlptlom 
of the malignant process previous to the changes in the bone4 the transitioaal "pre-sascomato~e" Rates ha~e net 
been studied~ there are no detailed descriptiom and classificatiom of developing tumortr the *threshold" doses 
of radioactivity have not been clarified nor have the "latent ~ periods for the various ratiloacttve substances, 
and so on. 

----~S,:le~attflc director of the work - Conesponding Member of the Acad. Med. SeA. of theUSSR Prof. N. A. 
~aevslet. 
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Having some experience in this field, wc wish to draw the attention o| ,,~vcstigators to the questions in~ 
volved in the study of the devclopmen: of malignant tumors of the bone tissue under the influence of radio~ 
active su/'~tancc~. This problem may be of interest not only for radiologists, but also for specialists working in 
other Ii^lds. 

Tumors induced under the Influence of radioactive substances constitute a good and easily reproducible 
model for stud}.ing the processes of malignant growth of the tissues, the dynamics of malignant growth and for 
its subsequent investigation. 

Tumors of the bone tissue upon introduction of radioactive substances fixed in the bones are most easily 
induced in rats. At given doses of radioactivity, the substance Introduced in these animals regularly eausel 
osteogenie sarcomas to develop in 6-8 months, in 40-80~ of the cases. A very large number of anlmais (up to 
$0~) a~e afflicted with tumors upon introduction of radioactive strontium (St u and StuN,. 

The radioactive substance Ln a smaU volume of physiological solution or distilled water L~ introduced orally, 
subcutaneously, intraperitoneally or intravenously. The most expedient route for rats must be considered to be 
the intraperitoneal method of introduction, since it is very simple and hence safe for the research worker, and 
requir~ relatively Httie radioactive substance. 

We kept under observation some hundreds of rats which were given radioactive strontium (St ~) intzapcd- 
toneaUy in doses of 0.1. 0.2, 0.4. 0.8 and 1.6~ C per I g body weight. In the largest percentage of eases 
tumors appeared in the rats which received the substance in a dose of 0.4 IJ C per g.. This dose should gen- 
erally be regarded as optimal for reproduction of tumors [6, 8, 10, etc,]. With smaUes doses (0.1 and 0.2~ C), 
tumor- in our experiments "occurred much less frequently. With dosea of radioactivity of 0.8 and 1.6 9 C pez 1 
g body weigh t, a picture of sub-acute or acute radiation affection was observer in our animals which died with- 
out developing tumors. 

In the animals receiving the substance in a dose of 0.4 la C per 1 g body weight, tumors developed in approx- 
imately 70-80% cases. Ho~,-ever, these findings require elaboration since the majority of rats in om experlmenla 
were sacrificed (which was taken into account) at various stages afte.r introduction of the substance in ordm to 
study the d~r~amic of change in the boa6 tissue and intema! organs. In one group, consisting of 100 rats, tumom 
developed in 73 animals at periods from 180 to 300 days after introduction of the substance. These findingJ 
correspond in general to those presented in the literature. 

- Tumors appeared in the rats start~g from the 180th day after tJRroduction. In rare cases an earlier de- 
velopment of maUgnant growth was observe& The largest number of tumors appeared on the 200-gS0th day 
after introduction of the substance; they, as a rule, appeared in the metap'nyses of the long pipe bones - of the 
tibias, femoral and shoulder bones. Plural development of tumors ~l various bones in d~r same animal was of. 
ten observed. At first, 190-210 days aft~r introdi.'cing the substance, in many rats there appeared tumo~ pria- 
cipaUy in the proximal metaphyses of the tibias and also in distal metaphyses of the femurs. Later, they began 
to arise also in the proximal metaphyses of the femurs and shoulder bon~. Not infrequently the tumors de- 
veloped in one animal simultaneously in different bones. Metastas~.in the lungs were often observed. A quan- 
titative law applying here cannot be established since many ra~ were sacrificed (in order to study the dynamlm 
of malignant growth) which still had comparariveAy few tumor nodes in one bone. 

As is known, radioactive strontium, similar in its chemical pr~pe~xies to calcium, upon introduction in the 
organ~m deposits itself at sites of re-formation of bone substance [% 5, 12, 13, 18, etc.]. In growing rats, these 
in the first place are the areas of the enchondzal ossification of the long pipe bones. It is also necessary to 
take into account that in rats the largest growth in length.for exaraple of the tibia bone, occurs on account of 
the proximal epiphysis,and in the femoral bone on account of the dLstal one [9, 10]. Therefore, one can with 
assurance postulate that the largest quantity of radioactive substan~:e is accumulated precisely at these sites 
of particulasly intensive bone formation. 

The histological Findings confirm this hypothesis. The most ma:ked morphological changes are found pre- 
ci.w~y in the areas of growth of the long pipe bones, in the first pla~:e in the proximal mexaphyses of the tibtal 
bones, distal metaphyses of the femoral bones, and also in the prox~ mal metaphyses of the shoulder and femoral 
bones. These changes culminate ~ disturbance of theprocess of es chon&al bone formation and resorlxlOn of 
part of the re-formed bone substanc~ with the development of celh~lar-flbrous tissue containing a large amount 
of ~steoclas~ .. 
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Fig. 1. External appearance of tumor of the fight femoral bone, developing 
in rat, 230 day~ after intraperitoneal introduction of radioactive strontium 
ia dose 0.4 li C per g. 

Fig. 2. Tumor emerging from femoral bone. Consists of  atypical o ~ e o b l a ~  
and poorly formed ravines of the osteoid substance. 
Mlcrophotography. 
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Fig. 3. Tumor of tiMal bone, Together with immature bone tlsme 
it is also composed of c~,-~L1ageous and fibrose ~ u e .  
Micropho~aphy.  

Subsequently gro~b of the bone ~ l eng th  h dowed'down and distorted. FO_-maUon o1 pathological bone 
substance occurs wI~ch does not undergo fmther rebmld~g- In themetaphysls, aromld t~e remaining non- 
resorbed bone substance and newly formed pathological bone substance, there occurs g~0w'th of the cellular- 
fibrous r.L~ue with formation of atypical immature bone substanCe~ differing in appearance. 

r 

With the passage of time the processes of bone formation ~se i~c,rea~ingiy distmbed. Sections of polymorph 
atypical osteogen~c ceUs appear. They qmckly multiply ~nt~U~ producing basic bone substance. Then these 
tissue formations, having a tumor~like appearance, spread at the s~de of the epiphysLs ~ondsal blad~ filling 
the cavity of the metaphysis, ~md @~ough the bone marrow to ~ r  side of the diaphyr~. Usually penetration 
of the tumorous masses through the destroyed cortical substance of the metaphysis outside the bone takes place 
early. 

Tie ext~m~ t=~ro= growths often r~ch Zarge propomon~ !m~ ~e a S~e~ shape "~th a "bumpy" 
surface (Fi~ I~ On incision ~to the tissue of the tumor, hemor~ag~ a~e visible with ulceratiom on the 
surface. External tumorous nodes are ~u~11y coveted with a connective ~u~ Capsule. Tumorous growth does 
not spread to ~e neighboring bones. 

Histologically the tum~ have a varied and complicated s~eture..Their cellular elements represent 
productive osteobla~ts and fibrob1~ts, and less often carl.lagen0us ceils. Often palymorph distorted forms are 
also found. Tie basic substance represented byosteoid is partiai1::~calcinated with Ix>orly formed bone sub- 
~tanCe, collagen and carthage. Often the tumors in appearance t~emble so-called osteoblastosarcomas (Fig. 2). 
However. almost always in their ~mpo~ition one can find fibro~-li.~ue and accumulation of car-v=lage-like 
cells (Fig.3)~ Occasionally the t~-nor~ approx~nate in s~ucture tO a pol~rnorphoceIlular sarcoma~ in a numbe~ 
of cases they resemble in appe~nce ch0nd~sarcoma, fibro~a~coma, esc.. 

Thus. under the influence of ~:.acloactive substances in given conditiom, one may expesimentally obtain a 
model of tumors of the bone tissue: which can conve.niently be eta,lie& The tumors develop ~t the site of 
most marked morpbological ch~,es, pecular to the given affection -- in the metaphys~ of the long pipe 
bones. Malignant growth is preceded by a long evolutiV~ process of d~orted -bone formation with disturbance 
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of the mutua! relations between resorption and re-formation of the bone and development of cellular-flhro~ 
tissue, which undergocs characteristic changes. 
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