
RIOPHYSICAL STTSDIES ON BONE TISSUE 

XII.  E.rperinieiitrrlly produced ectopic bone tissue 

I N T R O D U C T I O N  

‘The experimental production of ectopic hone has  heen described by 
several investigators. Levander ( 1938) obtained cartilage and bone in 
rabbit muscle by the injection of alcoholic extracts of hone tissue. He 
was of the opinion that  the development of ectopic bone was due to 
some osteogenic suhstance in  the extracts. Similar views have been ex- 
pressed by other authors, see Lacroix (1951)  for survey. I t  was shown, 
however, by Heinen et al. (1949)  that ectopic hone could be produced 
in rabhits by the injection of alcohol alone. 

The purpose of the present investigation is to study ectopic bone 
by biophysical methods and to discuss the findings in relation to noriiial 
bone tissue. A comparison between the ectopic bone and the bone tissue 
froin a few cases of osteogenesis imperfecta will also be given. 

M A T E R I A L  

Injections of one to two ml of 40 % ethanol were made at  several 
loci in the biceps and quadriceps of four young rabbits. After three 
months two macroscopic bone specimens, 5 mm in diameter were found 
at  the sites of injection. In the other cases only hard scar tissue was 
observed. Thin sections (about 50 microns) of the ectopic bone were 
obtained by grinding. For this purpose the small pieces of ectopic bone 
were embedded in plastic (methylmethacrylate). For comparison long- 
itudinal and transverse sections from the long bones of young rabbits 
were prepared by grinding. Sections of the bone from some cases of 
osteogenesis imperfecta were obtained in a similar way. 

6 ACTA ORTH. XXIV,  2 



A t  15 'I' I 1  0 I) S A N I )  'r 11 I< 0 II 15 'I' I (; 'i I. (: 0 N S I I) I< I{ A 'I' I0 N S 

'I'he t1istrit)iitioii of iniucr:il s:ills i n  the groiintl sections o f  the 
ectopic bone W;IS studied t)y iiiicrol.:itlioSrnl,hy. In  csscntials the iiictliotl 

dcscribed by Eitgsfriirn ant1 Weyslerll (1951) was followed. For a ge- 
neral discussion on the use of x-ray iiietliods in histocheniistry see 
Engstriirn (1953). For some of the ex1)eriinents a Machlett OIXi 50 
x-ray tube \;\'as energized with 8 I<\' :ind eiiiittetl x-rays with short 
wirelength limit of 1.5 A. I n  other c:iscs the 015G 50 tuhe, which h:is a 
0.2 nun thick Be-window, w a s  run with 24 kV fully rectified D.C. :incl at  

Fig. I .  
Arrangement for microradiography with Machlett OEG 50 x-ray tuhe. 

Inherent filtration 0.2 mm Be. Tungsten target. A, X-ray tuhe;  B, Camera; 
C, Shutter for camera. 

Fig.  2. 
muipmen t  for stereomicroradiography and x-ray diffraction. A, X-ray tube, 

Cu-target ; B, Extension tube for the stereomicrocamcra, labelled C ;  D, fluorescent 
screen; E, 19 cm Hilger powder x-ray diffraction camera; F, Guinier camera for the 

registration of diffraction diagrams with monochromatic x-rays. 
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wlicrc indices i :inti o stand for the itiorg;itiir :itit1 organic I'r:irLioti rc- 

s1)cctivcly. 'l'hc 1ii:iss :it)sorl)tion cocffirictit tticrc;iscs willt Llic in- 

creasing wavelength of the x-rays and also with the incrc:isiug atoriiic 
nuinher of the absorber. A t  certain critical wavelengths, however, there 
occur :ibrupt changes in absorption, and these ch:inges are  called all- 
sorption edges or discontinuities. For cxnmple Ca has its shortest at)- 
sorption edge (K-edge) a t  3.3 hi., nitrogen has its k-edge at  31.4 A. I n  
general the position of the absorption edges of a given series ( K ,  L, 
M. etc.) is shifted towards longer wavelengths with the decreasing 
atomic number of the absorber. 

Ci- 

The mass absorption coefficient is composed of two terms : 
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-is the true protoelectric absorption coefficient and  the mass scat- 
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difficult to assess. However, it is only for very short x-rays and ele- 

5 
ments of low atomic numbers tha t  -- has to be taken into account. In  

the wavelength range used for historadiography of thin bone sections 
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the.values of are much greater than those for  --and therefore a t  the 
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experiments reported in this paper 

with - (For  details see Engsfriim 1946).  

- can be neglected in com1)arison 
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For bone tissue the values of the mass ahsorption coefficient (s) have been calculated for the inorganic fraction, apatite 

[C~IO(PO*)~ ; (OH)~] ,  and for nitrogen which serves as a representative 
for the organic fraction. The numerical values of the Inass absorption 
coefficient are given in 'Table 1. 

The density of the apatite is ahout 3 and for the waterfree organic 
fraction the density is about 1,2. When the x-ray extinction for a 
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Fig. 3. 
Extinction for x-rays of various wavelengths in 1 micron thick layers of apatite 

and protein. 

1 micron thick layer for apatite and protein is calculated the results 
shown in figure 3 are  obtained. The  x-ray absorption of the protein 
fraction can he written: 

(with negligible error) by 
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Fig.  4 .  
Gcometrx of x-ray image formation in microradio$raphy. F, Focal spot on target; 
D, Diameter of sample; U, Umbra; P, Penumhra; T, Total shadow; A, Distance he- 

tween the focal spot and the image plane; B, Distance between sample and 
image plane. 

From the figure it is evident that for the wavelength range used, 
practically all absorption is due to the mineral salts and therefore the 
microradiograms registered under these conditions show the distrihu- 
tion of mineral salts. 

One of the important factors for the image definition in the micro- 
radiogram is the geometry during the exposure. Since the focus of an 
x-ray tube consists of a surface, a t  least a part of the shadow (T) 
produced by the object consists of penumbra, P, (Fig. 4) .  The par t  of 
the shadow consisting of umbra, U, may generally he expressed as  

AD - BF u = 
, ; A  -- €3 

where A is the distance from focus to image plane, R the distance from 
object to image plane, F the diameter of the focus and D the  diameter 
of the object. 



F i g .  5. 
Resolution test of microradiographic proccdure used. JIicroratliogram of silver grid. 
Each bar is 3 microns wide. The resolution i s  1)etter than 0.5 micron. Voltage: 5 kV. 

Filter: 0.2 m m  Be. Lippman film. 

Differentiation with respect to B gives 

d U  h(D - F) 
~~ - .~ ~~~ 

tlB (A - B)2  

which for this discussion can be written, 

dU 
~ = ( D - F )  
d B 

d u 
d B 
d U 

d R 
d u 
d B 

If D > F ; - -  > 0, U increases with B;  

I f  D = F; ~ = 0, U is constant; 

If D < F; - - < 0, U decreases a s  B increases. 

The dimension of the smallest ohject that gives an  image with a 
B 
A 

certain relation to the size of the object is represented by - * F. 

The resolution of the rnicroradiographic technique we used is 
highly satisfactory. Figure 5 shows an  enlargement of a microradio- 
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Fig. 6. 
A. Microradiogram of a cross section of rahhit femur (diaphysis). The section mas 
ground to a thickness of 50 microns. The varying degree of mineralization is well 
demonstrated. The whiter a structure appears in the picture, the higher its content 

of mineral salts. 

B. A portion of Fig. 6 A  at higher magnification. The osteocytes appear as x-ray 
transparent black dots. The lamellar structure of the osteons can he seen in the 
originals, indicating that the ratio organic to inorganic materials varies jn the 

different lamellae. Voltage: 24 kV. Filter: 0.2 mm Re. Eastman Kodak 
Spectroscopic Plate 649. 



gr:itii of :I silver grit1 (kindly sii1)I)licd I)y Prof. V. IS. Cosslctt, (hm- 
t)iitlge, 1Sngl:intl) in wliich llic widest h r s  :ire 3 iiiic*rous. I t  is clc:irly 
tlc.iiionstr:itctl tli:it thc x-ray tccliniquc h:is ;I rcsol ution twtter t1i:iri 

0.5 Iiiicroti in ohjects with good contrast : i i ic l  1)one tissue is such :in 
object. 

The chemical nature of the ininer:il sdts depositcd in the cctopic 
bone tissue was studied by wide angle x-ray diffraction. Powdered 

Fig.  7. 
bIicroradiogram of a longitudinal section of the growth zone of metatarsus. The 
epiphyseal plate (at the top in the figure) shows no x-ray absorption and therefore 

contains no mineral salts. Voltage: 24 kV. Filter: 0.2 mm Be. Eastman Kodak 
Spectroscopic Plate 649. 

ectopic bone was examined in Debye-Scherrer cameras having dia- 
meters of 57 mm and 190 mm. The latter camera (Hilger) was used 
for precision measurements of the lattice parameters. In order to study 
orientation of the mineral component in the ectopic bone the sections 
which had previously been microradiographed were examined in a 
Chesley (1947) microdiffraction camera. 

After microradiography and micro x-ray diffraction the ground 
sections were decalcified, mounted in saline, and examined in polar- 
ized light in order to determine the orientation of the organic fibrillae. 

The in vitro exchange of radioactive phosphate and radioactive 
calcium (Ca45Cl.) was studied by autoradiography. The ground sec- 
tions were incubated for 15 and 36 hours in a solution containing the 



Fig .  8.  
Ground section of ectopic hone. Microradiogram at low magnification. Note the 

spaces for the hlood vessel network. Voltage: 8 kV. Filter: 0.2 mm He. 
Lippmann-film. 

isotope. The sections were then ground on both sides after the incuba- 
tion. About 10 microns were removed on each side. Agfa Printon 
photographic emulsion was used to record the autoradiographic im- 
ages which were enlarged hy photomicrography. 

R E  s u L . r  s 
Both transverse and longitudinal sections from the long bones 01 

normal rabhits show an  uneven mineralization. The  microradiogram 
(Fig. 6 a )  of a transverse section from the diaphysis of the femur 
reveals a bone tissue mainly composed of lamellar bone with a rather 
high degree of mineralization. The different lamellae are separated hy 
thin highly mineralized lines running axially in the bone. In some 
areas resorption cavities are found and also haversian systems with 
varying content of mineral salts. The difference in mineralization he- 
tween different structures is more evident in Fig. 6 h which shows an 
area in high manifestation with many harersian systems. The newly 
formed osteons which have a low conjent of minerals represent areas 
with recent deposition of mineral salts while with increasing age their 
degree of mineralization successively increases. 



9 I, 

Fig. 9. 
rl. Rlicroradiogram of ectopic bone a t  high magnification. Voltage: 8 kV. 

Filter:  0.2 mm Be. Lippmann-film. 

B. The same section photographed in  polarized light after decalcification, 

A microradiogram of a longitudinal section from a long bone which 
is still growing is shown in Fig. 7 .  The cartilage in the epiphyseal plate 
does not show any significant x-ray absorption hut in the metaphysis 
where the mineralization starts, thin bars of mineralized tissue run- 
ning longitudinally can be seen. These bars which are getting wider 



tow:irds t l i ~  t1i:il)Iiysis sliciw :in iiicrc;isiiig :il)sorption 11rnc.c :in i n -  
C I . C : I W ~  111 incralimtioii i n  this t l i  rcction. 

'l'lic t1isiril)ution of iiiincr:iI siilts i n  sections o f  thr c*ctol)ic I)oiic 
I)rodurctl 1)y alrohol injection in  r:il)l)its c:in I)c scrii in tlir microradio- 
grams shown in  Figs. 8 nntl  9 A .  l'hr Imnr tissue shows a rather high 
and evcii mincraliz:itioii and most of it has  great similaritics with 
Inmellar hone. The vnscularization is rich. A t  some sites structures 
with a low contcnt of niincral salts are seen and soinctimcs these 
structu rcs rcscmhlc 11 nversian systcriis. hIinor areas which show rvid- 

Fig.  10. 

the 002-reflection indicating some alignment of the crystallographic c-axes. 
Nickel-filtered Cu K-radiation. (1.54 A ) .  

Flat fi lm x-ray diffraction diagram of ectopic hone, Slight orientation is seen in 

ence of resorption are also found. In the microradiogram the cells 
appear as black, round to oval shaped spots which are not mineralized. 

Decalcified sections show in polarized light a well organized fibre 
pattern with rather broad, but not especially long bundles running in 
somewhat different directions (Fig. 9 b) .  In transmitted light the bone 
tissue is seen to be moderately cellular and in some areas it has a 
coarse fibrillar structure. 

The in vitro uptake of radioactive phosphate and calcium in the 
ectopic bone tissue takes place at several sites. It could be demonstrated 
that the major part of the labelling in vitro occurs in structures with 
a low degree of mineralization, which is in agreement with previous 
experiments. 

Fig. 10 shows the x-ray diffraction of a part of the area from 
which the microradiogram (Fig. 9 a )  was obtained. It is an apatite 
pattern, identical with that found in normal bone tissue. The 3.44 A 
diffraction ring (002) is slightly oriented. A comparison between the 



x-r:iy t1iffr:iclion Ixittcrns : ind tlic c1cr:ilcifircl scctioii pI1otogr:il)hrd in 
1m1:irizrtl light, indic:itrd that  thc c-asis of thc hexagonal alntitc unit 
cell w a s  :iliiiost 1):iraIlcl with the filwr :isis of the fil)rill:ic. I n  Fig. 11 

Fig .  11. 
Powder diagram in 19 cm camera of ectopic hone heated to 600C" for one hour. 
The diffraction lines are sharper than from unheated bone. This effect is  due to 
the growth of the crystallites. The mark in  the diagram is at an angle of 15". The 
diagram is indexed at the basis of a hexagonal unit cell with the axes a = 9.41 and 

c = 6.87 A. Nickelfiltered Cu K-radiation (1.54 A ) .  

is shown a pattern of heated ectopic bone. Precision measurement on 
this pattern gave the size of the unit cell to be a = 9.41 A and c = 6.87 A 
which values are  also found in normal bone. 

D I S C U S S I O N  

The bone tissue produced by the injection of alcohol into rabbit 
muscles has  features of lamellar or coarse fibrillar bone. It is thus 
partly immature in type, but also has areas which are highly differ- 
entiated, where one can find an indication of haversian systems being 
formed. In its general type the ectopic bone tissue has some features 
in common with the bone tissue formed in patients with osteogenesis 
imperfecta (see Fig. 12). In this disease the bone tissue, which is 
formed, does not undergo the same rebuilding which occurs normally. 
The formation of a compact bone tissue with haversian systems is a 
characteristic of normal bone tissue. In osteogenesis imperfecta, how7- 
ever, an immature lamellar type of bone is formed which is only 
partially rebuilt and thus the normal development of the bone tissue 
in osteogenesis imperfecta is disturbed. In  the formation of ectopic 
bone tissue there is certainly a lack of organ differentiation and there 
might be a similar mechanism in operation in the case of osteogenesis 
imperfecta. 

The mineral salt deposited in the ectopic bone, produced by the 
injection of alcohol into rabbit muscles, has  an x-ray diffraction pat- 
tern identical with that  of normal bone. The  physical relationship be- 



tween the organic :ind inorg:inic conipoticnts seems to he it1etitic:il 
with t1i:it in norni:il hone. ’llie c-Elxis of the a~):ititc unit cells bcitig 
appro xi ma t el y para1 Ic l  wit 11 t lie I ii aiii tli rc‘c Lio i i  of t 11 c co I 1:igenous 
fi1)rillue. The width of the s-ray tliflrnction lines intlicnte ;I r:itIicr low 
particle size siniilar to that found in ordinary hone. 

P i g .  12. 
Alicroradiogram of compact bone tissue from a case of osteogenesis imperfecta. The 
“normal” appearance with havcrsian sjstcms is disturbed and the lamellar form is 
dominating. Voltage: 22.5 kV. Filter: Be + mica (Philips diffraction tube with Cu- 

target. Eastman-Kodak Spectroscopic Plate 649. 

The results presented above tend to indicate that ectopic bone pro- 
duced in rabbit has  a molecular structure and composition similar to 
that of ordinary rabbit bone. In  vitro isotope exchange reveals no 
structural difference between ectopic and normal bone. The quantita- 
tive aspects of the isotope exchange have not been examined. 

S U i\I bl A R Y 

The properties of ectopic bone produced by injecting 40 % ethanol 
into muscles of young rabbits have been studied by biophysical 
methods. X-ray absorption and diffraction techniques were used along 
with microscopic examinations in polarized and transmitted light. The 
in vitro exchange of C d 5  was studied by autoradiography. The ultra- 
structure and complexity of ectopic bone tissue as examined by these 
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IAes propriktbs cle 1’0s ectopicpie produit par injection de 30 % 
d’Cthanol dans les muscles de jcuncs lapins ont P t C  6tudiPes h I’aide 
de miithodes l)iophysiques. L’ahsorption de rayons X et la technique dc 
la  diffraction oiit etk utiliskes au cows  dcs examens microscopiques k 
la luniikre polaris6e et transmisr. L’kchange in vitro de CaSj a dtC 
ktudik par autoradiographie. IA structure et In coml)lexitP du tissu 
ectopique examink A l’aide de ces mkthodes biophysiques nioiitre de 
grandes sirnilaritks avec le tissue osseux forink d’nprks les conditions 
physiologiques chez les iii&nies aniinaux. La consti tution de 1’0s ecto- 
pique examink i la moyenne niicroscopique de la lumikre est altCrPe 
par  coniparaison arcc la nianikre dont les 0 s  entikreinent forinks ac- 
complissent leur fonction physiologique. 

Z 1; S A X I  llI E K F A  S S U N G 

Die Eigenschaften voni ektopischen Knochen, der niittels Injektion 
yon 30 % Ethanol in den Muskeln von jungen Kaninchen erzeugt wor- 
den war, wurden mittcls hiophysikalischer Methoden untersucht. Kont- 
genstrahlen, Absorptions und Difraktions-Methoden wurden zusammen 
mit mikroskopi6chen Untersuchungen im polarisierten und iihertra- 
genen Licht angewendet. Der in vitro-Austausch von Cad> wurde mit- 
tels Autoradiographie studiert. Die Ultrastruktur und Kompliziertheit 
von ektopischem Knochengewehe, untersucht mit diesen hiophysikali- 
schen Methoden, zeigt grosse Ahnlichkeit init Knochengewehe, das unter 
physiologischen Bedingungen in denselben Tieren entwickelt vcrurde. Die 
Organisierung des ektopischen, auf der lichtmikroskopischen Basis 
untersuchten Knochens ist im Vergleich mit dein reifen, seine physio- 
logische Funktion versehenden Knochen, T-erandert. 
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