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In clinical practice X-ray photographs are often used not only for the qualitative analysis of the images of objects, but also for the determination of some object dimensions. When acquiring an X-ray photograph one should always consider a projection magnification, due to which the determination of true object dimensions can be difficult. This magnification arises due to the finite radiator dimensions, finite distance to the object and between the object and the radiator. This can also happen if the object and radiator dimensions are comparable. If one has to make certain measurements on the X-ray photograph and then to calculate some values from these measurements, errors due to the projection distortion of each measured object arises (fig. 1). For instance, in X-ray morphometry of tubular bones it is necessary to measure the inner and outer diameters of the metacarpal bone when calculating osteoporosis indices. At that the projection distortion of every bone layer is different (Δr, ΔR).

To estimate the influence of such projection distortions the analysis of the X-ray image formation has been made. The case of finite dimensions of the radiator and cylindrical object is assumed. The expression that correlates true object dimension R to that on the image, RM, has been derived (fig.1). This expression considers also the parameters that affect the image formation:
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where  f  — the distance between the radiator and the object surface между;

          2g — the radiator surface area;

          d — the distance between the object and the receiver.

The exact solution of equation (1) is quite bulky, however, it can be found with the help of computers. The extent, to which the radiator surface area 2g affects the process of getting true dimensions of the samples being investigated, has been estimated. For example, at f values of 1000 mm and d of 10 mm that are used in real conditions of X-ray investigations on human's hands, and for RM = 5 mm the following   values   of   true    dimensions    have   been obtained: R = 4,9122 mm for g = 1 mm and R = 4,9268 for g = 0.  Consequently, the transition to the point source (g = 0) at these parameters gives the error in the measurements of true dimensions of 0,297 %, that is negligible. Under the condition of RM << f expression 
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 can be simplified by the expansion into the Taylor series. Consequently, the value of the true dimension R is given by
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The error of reductive calculation of R is ≈ 0,3 %. At the same parameters of f and d the value of r = 2,457 mm has been obtained for rM = 2,5 mm. The projection distortion of true dimensions come to Δr=0,043 mm and ΔR = 0,073 mm. The analysis shows the projection distortion of the tubular cylindrical object being always much greater for the outer diameter ΔR than that for the inner diameter Δr.

Fig.1

In the above example the values of RM and rM have been selected to be close to the values specific for the hand metacarpal bones that have a tubular cylindrical shape. The determination of the metacarpal morphometric indices is carried from the values of RM and rM. Furthermore, the extent of the organism affection due to osteoporosis can also be estimated from these indices. Accordingly, the indices calculation error caused by inaccurate dimension measurements can lead to the incorrect determination of the disease stage in the sense that the extent of osteoporosis affection can be underestimated.
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