Three-Dimensional X-ray Antiscatter Grid for Advanced Multiple

Projection Dual Energy X-ray Absorptiometry (AMPDXA) Scanning System

It is a known fact that humans lose bone mass throughout their adult life and that within any given population age group there are a significant number of men and women with low bone mineral density (BMD).  It is believed that throughout most of adult life, aging bones become more structurally efficient and retain their strength even though bone mineral density declines, but to maintain bone strength, an accustomed level of loading on the skeletal system must be maintained.  Absence of loading such as prolonged spaceflight (or disuse) can cause uncompensated loss of bone strength.  Even reduced loading (caused by muscle wasting and inactivity in the elderly) can cause a disruption in the bone strength maintenance mechanism. Besides application to monitoring the bone loss in astronauts, the AMPDXA system can be used to precisely monitor the progress of osteoporosis in elderly patients.

The Johns Hopkins University, under sponsorship by NASA, is developing a precision scanner system, AMPDXA, for monitoring the deleterious effects of weightlessness on the human musculoskeletal system during prolonged spaceflight.  The instrument uses dual energy x-ray absorptiometry (DXA) principles and is designed to measure BMD, decompose soft tissue into fat and muscle, and derive structural properties (cross-sections, moments of inertia).  Such data permits assessment of microgravity effects on bone and muscle and the associated fracture risk upon returning to planetary gravity levels.  Multiple projections, coupled with axial translation, provide three-dimensional (3-D) geometric properties suitable for accurate structural analysis.  This structural analysis coupled with bone models and estimated loads define the fracture risk.  The AMPDXA will be able to detect 1% changes in bone mass and geometry and 5% changes in muscle mass.  

The AMPDXA system did have a problem with image quality due to incomplete removal of x-ray scatter.  Antiscatter x-ray grids are used to improve x-ray image quality.  Unfortunately, commercial grids are inadequate (typically unidirectional and flat) in their ability to collimate electrons for high precision bone structural measurements as required by the AMPDXA.  Improved precision has been achieved by using either of two advanced, two-dimensional, anti-scatter grids with performance superior to conventional grids.  The grids were designed and constructed using advanced fabrication techniques.  These techniques have now been used to fabricate the three-dimensional grid of the invention (see Figure 1) which is made in a three-step process.  First, the lead is machined by a special electrical discharge machining (EDM) process.  Second, the lead grid is chemically polished.  Third, the chemically etched grid is attached to a curved Plexiglas surface.

The new grid of the invention overcomes many of the disadvantages found in commercial grids, including not being equidistant to all x-rays (i.e., curved) and not uniformly covering all directions.  The grid of the invention will be able to produce higher contrast levels with a lower patient dose penalty compared to conventional grids.
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Figure 1

Examples of three-dimensional grid produced by electrical discharge machining and chemical etch of lead for the AMPDXA system
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