Replacing conventional spine radiographs with dual energy x-ray absorptiometry in children with suspected reduction in bone density.

SUMMARY
Exposure to x-rays can cause cancer; the lifetime likelihood of this is greater in children than in adults. The radiation exposure from a single x-ray of the lower spine is equivalent to up to eighteen months UK background radiation. Dual energy x-ray absorptiometry (DXA – pronounced “dexa”) is an imaging technique mainly used to assess osteoporosis (bone thinning). Although DXA uses x-rays, this is at a much lower dose than standard imaging. A whole body DXA is equivalent to less than four hours of UK background radiation. Recently in adults, DXA has been used to assess the shape and size of spine bones to help exclude fractures. The same has not been done in children. In 2009, our Department performed 1130 DXA scans in 457 children. From a random selection of 100 of these patients, 45 also had spine radiographs in the same week. These spine radiographs were performed to look for fractures. Given the potential radiation dose savings, this project aims to assess the feasibility of replacing spine radiographs with DXA in children. This requires 1) Comparing the quality of the experience of children and their carers while having spine DXA to their experience while having spine x-rays 2) Calculating actual radiation dose reductions 3) Assessing whether spine fractures are detected as well from DXA images as they are from spine x-rays and 4) Determining the best projection (front to back or side to side) for performing the DXA. 

If DXA is better than or equal to x-rays for detecting vertebral fractures, then potentially there will be

i) Significant reduction in childhood exposure to hazardous irradiation and therefore a lower chance of developing cancer

ii) Increased convenience to patients and carers who need only attend one appointment within the Radiology Department and 

iii) Cost savings to the NHS. 

PATIENT BENEFIT:

i) Replacing spine radiographs with iDXA will allow a one-stop attendance to the Radiology Department for children in whom low bone mineral density and vertebral fractures are suspected. 

ii) Significant reduction in radiation dose for these children. 

iii) Inconveniences associated with transporting and positioning wheelchair bound and fragile patients will be reduced.

iv) Patient and parent user experience will be assessed and where possible and appropriate, recommendations will be implemented. Patients and public (Brittle Bone Society) will be involved in the development of the questionnaire and determining how it should be administered.

LOCAL SERVICE DELIVERY:

i) If iDXA can be used to exclude vertebral fractures, the reduction in numbers of spine radiographs will free slots and radiographers’ time to perform other investigations. 

ii) There is potentially a cost saving to the Department (to be fully determined as part of this study). 

iii) Co-ordination of patient appointments will be simplified, with only one booking required.  

PUBLIC HEALTH:

i) DXA machines are widely available, and results will be readily translatable across the NHS. 

ii) There will be significant reduction in childhood radiation dose exposure and consequently in population lifetime cancer risk. 

There are no obvious disadvantages. Issues of safety and acceptability do not arise as DXA is already in the clinical domain.

BACKGROUND
OSTEOPOROSIS & VERTEBRAL FRACTURES:

Osteoporosis is a generalised disorder of the skeletal system in which there is reduction in bone mass and abnormal bone architecture. It increases bone fragility and renders the individual susceptible to fractures [1]. In the developed world osteoporosis is a major debilitating condition  – its prevalence in the developing world is increasing [2]. The lack of an agreed objective definition in children renders numbers difficult to quantify, however 50% of  boys and 40% of girls suffer at least one fracture during childhood and several hundred children nationally are being treated with bisphosphonates. Peak bone mass is determined by genes and lifestyle but may be modified by nutrition, exercise and disease [3]. Low bone mass in children may occur as a primary (inherited) condition such as osteogenesis imperfecta or secondary to a wide range of conditions as defined by the ISCD [4] in their PDC statements [5] and include

1. Primary Causes: osteogenesis imperfecta, idiopathic juvenile osteoporosis

2. Secondary Causes: 

i) Chronic inflammatory disease e.g. juvenile idiopathic arthropathy, systemic lupus erythematosis, juvenile dermatomyositis, Crohn’s disease, epidermolysis bullosa and thalassaemia

ii) Immobilisation e.g. cerebral palsy, Duchenne muscular dystrophy 

iii) Drugs, particularly systemic long-term steroids and antiepileptic drugs.

In patients with osteoporosis, fractures may occur following even negligible trauma. In adults these are most commonly fractures of the vertebrae and femoral necks. In children vertebral fractures prevail 

DXA:

In adults, DXA is increasingly being used to determine not only bone density, but also vertebral body morphometry – with sensitivity and specificity ranging from 87 – 93% and 93 – 95% respectively (lateral spine radiograph = gold standard) [6]. Image quality of the updated DXA - iDXA - is such that it could potentially replace spine radiography when spatial resolution of the highest quality is not required. 

Currently, children with suspected or known low bone mass will have a DXA scan to determine baseline or follow-up bone density, and AP and lateral spine radiographs to exclude fractures. This approach has two major disadvantages;

1. The child must present both to the DXA room and to the conventional radiography room, which may be located some distance away from each other. This is particularly inconvenient for this group of children, many of whom are wheelchair bound.

2. The radiation dose of DXA is significantly lower than that of conventional radiographs [7]; Table 1, Annex 4. 

As many of these children will have repeated investigations (usually twice a year, occasionally more frequently than this, throughout childhood), it is imperative that techniques are developed which limit radiation exposure.

The lateral spine DXA is not routinely performed at our Institution, but would only add minutes to the overall scan time (currently approximately 10 minutes per child).

To our knowledge, DXA is currently not being used for vertebral body morphometry in children.

