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Diffraction pat terns  of the scat ter  of x rays  f rom samples of human bone tissue and callus 
were  obtained. The degree of mineral izat ion of callus is less  than that of normal  bone tissue, 
evidence of the immatur i ty  of the callus. 

Certain functional p roper t i es  of bone tissue are largely determined by its crysta l l ine  s tructure.  This 
is  character ized by a definite quantitative ratio between its mineral  and organic components. During r epa ra -  
tive regenerat ion of bone quantitative changes take place in the content of the mineral  component of the bone 
tissue, i.e., of hydroxyapatite.  

The object of the present  investigation was to study differences in the hydroxyapatite content of bone 
tissue and callus. 

E X P E R I M E N T A L  M E T H O D  

The ord inary  methods of determining the degree of mineral izat ion of bone tissue, as well as  the 
method of microroentgenography which has recently been used [2, 4], are  ve ry  tedious. Photometr ic  es t i -  
mation of microroen tgenograms  likewise introduces an additional e r r o r  into the determination. In the 
present  investigation the bone tissue was studied by the x - r a y  d i f f rac tometry  method. 

The di f f ractogram is a curve showing the intensity of the sca t tered  x - r a y  beam as a function of the 
angle of scatter .  It provides  information on the nature of a crystal l ine substance and on its quantity. The 
resul ts  of x - r a y  di f f ractometry  of bone tissue, crushed and p re s sed  into pellets,  have been published. As 
regards  the d i f f rac tometr ic  study of the quantitative content 3f hydroxyapatite in immature  bone callus com-  
pared with normal  bone tissue, very  little information has been obtained. The experimental  mater ia l  con- 
sisted of samples of bone tissue and callus obtained from the diaphyses of human long bones. The samples 
of bone tissue were  taken from cadavers  of persons  dying accidentally. 

In some cases  samples  of normal  bone t issue were  obtained during operations,  so that the s t ructure  
of normal bone t issue and callus could be studied in the same person. The samples were cut in the form 
of rectangular  parallelepipeds.  One edge of the parallelepiped was paral le l  to the axis of the medullary 
channel (direction 1 in Fig. 1). Two other  edges were perpendicular  to this axis. Direction 2 coincided 
with the tangent to the surface of the diaphyses,  and direction 3 with the radius of the medullary channel. 
In each case the beam of x rays  was directed parallel  to one edge, and was designated 1, 2, or  3 depending 
on its d i rect ion relat ive to the sample.  

The samples of bone callus and bone tissue were investigated with the URS-50IM dif f rac tometer  with 
a BSV-2 tube and copper anticathode. The intensity of the scat tered x - r a y s  was monitored by means of a 
type MSRT counter and recording system. The diffractogram was automatically recorded  on the automatic 
wr i te r  of the diffractometer .  Altogether  60 di f f rac tograms were analyzed. 
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Fig. 1. Diagram showing posit ion of p r i m a r y  x - r a y  beam relative to sample of 
bone t issue [a) f ragment  of long bone; b) specimen] ; 1, 2, 3) direct ions paral le l  
to which the p r i m a r y  x - r a y  beam is aimed. 

Fig. 2. Dif f rac tograms of samples of bone t issue (1) and bone callus (2). 
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Fig. 3. Dif f rac tograms for  
normal  bone t issue (a) and 
bone callus (b) in direct ions 
1 and 2. 

EXPERIMENTAL RESULTS 

Analysis of the diffractometric scatter curves shows that maxima of 

scatter are due entirely to hydroxyapatite. The location of the characteris- 
tic maxima of hydroxyapatite were identical on diffractograms of bone tis- 

sue and bone callus, but the height of the maxima on the curves differed. 

The roentgenogram of a system consisting of a mixture of substances is 

known to be the result of superposition of the roentgenograms of the indi- 
vidual substances, and the intensities of the lines of the roentgenogram 

are proportional to the quantity of the substance in the mixture. The con- 

tent of hydroxyapatite in the bone tissue callus could therefore be esti- 
mated from the intensity of the characteristic maxima on the diffracto- 
grams. 

Diffractograms of specimens obtained at operations on the same 

patient are shown in Fig. 2. Analysis of these diffractograms reveals 

significant differences between the degrees of mineralization of the bone 

tissue and bone callus. Similar differences were also observed between 

samples of bone tissue and callus obtained from different people. On 

analysis of the diffractograms, the degree of mineralization was found to 

be independent of sex and age (between 20 and 50 years). 

Par t i cu la r ly  important  resul ts  are  obtained by comparing d i f f rac tograms for the same pa i r  of 
samples:  a sample of bone callus and a sample of bone t issue placed in different posit ions relative to the 
direction of the x - r a y  beam. Di f f rac tograms for  normal  bone t issue (a) and for  bone callus (b) for two 
identical orientat ions of the sample relat ive to the p r i m a r y  x - r ay  beam (along direct ions 1 and 2) are given 
in Fig. 3. With samples  of exactly the same dimensions (13.5 x 13.5 • 5.6 ram) a charac te r i s t i c  difference 
in the degree of mineral izat ion of the normal  bone t issue and bone callus was found. 

In addition, the distr ibution of the hydroxyapati te c rys ta l s  is evidently more regular  in normal  bone 
tissue. 

These resul ts  indicate that the d i f f rac tometr ic  method can be used to verify the degree of miner ia i iza-  
tion of bone t issue and bone callus. The degree of mineral izat ion of bone callus was shown to be less  than 
that of normal  bone tissue, and this may possibly indicate immatur i ty  of the callus. In o rde r  to obtain a 
quantitative es t imate  of the hydroxyapati te content as it va r ies  with the degree of maturi ty of the callus by 
analysis  of curves  of the d i f f rac tometr ic  investigation of bone tissue, appropriate  experiments  are  being 
conducted on animals. 
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