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Lytic bone disease is a major feature of multiple myeloma (MM): 70-80% of patients have osteolytic lesions at diagnosis, up to 90% develop lytic lesions during the course of their disease and  10%-15% present with diffuse osteopenia or osteoporosis at diagnosis. 
Conventional Radiography: Conventional radiography remains the gold standard for the evaluation of bone disease in MM patients. Lytic lesions on plain X-rays are typically punched-out lesions with absent reactive sclerosis of the surrounding bone in the flat bones of the skull and pelvis. In the long bones, there is a range of appearances from endosteal scalloping, to discrete small (<1 cm) lytic lesions, to mottled areas of multiple small lesions, to large destructive lesions. These lesions correspond to nodular replacement of marrow by plasma cells with entire bone destruction. A “complete skeletal survey”, according to the IMWG guidelines, should include a posteroanterior view of the chest, antero-posterior and lateral views of the cervical spine (including an open mouth view), thoracic spine, lumbar spine, humeri and femora, antero-posterior and lateral views of the skull and antero-posterior view of the pelvis. The presence of lytic lesions in the skeletal survey is included in the definition of symptomatic myeloma, which needs therapy. However, plain X-ray has several limitations: i) it reveals lytic disease when over 30% of the trabecular bone has been lost; thus approximately 20% of patients at diagnosis have normal skeletal survey; ii) it cannot be used for the assessment of response to therapy as the lytic bone lesions seldom show evidence of healing; iii) new compression vertebral fractures do not always indicate disease progression and may occur due to on-going bone loss or reduction of tumor mass that supports the bony cortex; iv) lack of accurate visualization of some areas; v) reduced specificity versus benign causes of osteopenia; vi) observer dependency; vii) lengthy period on the examination table; and viii) poor tolerance by patients with severe pain and extended lytic disease. 
Computed Tomography (CT): CT allows the detection of small osteolytic lesions that are not revealed by plain radiography. The advantages of CT vs. conventional X-rays includes: i) the superior diagnostic sensitivity of CT in revealing more osteolytic lesions, mainly in areas that cannot be accurately visualized by plain radiography, e.g. scapulae, rib or sternum; ii) the superiority in estimating fracture risk and instability; iii) the duration of the examination, which is practically three times less than that of standard radiography; iv) the complete diagnostic evaluation in a single examination without having to reposition the patients, which is important when examining patients in pain; v) the demonstration of other unsuspected pathological processes; and vi) the superiority in planning the radiation therapy or the surgical intervention. One of the negative points against CT is the radiation dose delivered to patient, which is up to 400 times higher than that of conventional radiography. To overcome this problem, whole-body low-dose CT was introduced and was found to be superior to whole-body MRI in detecting residual osteolytic abnormalities; however, this is not widely available. Another disadvantage of CT is that it is non-specific for the evaluation of osteopenia/osteoporosis. Furthermore, caution is needed regarding the use of iv contrast as this could result in significant renal dysfunction, which is common among myeloma patients. 
Magnetic Resonance Imaging (MRI). MRI has been widely available for the evaluation of myeloma bone disease during the last two decades. MRI is more sensitive compared to conventional radiography in the detection of osteolytic lesions. In general, the advantages of MRI over conventional radiography and CT scan include: i) the excellent imaging of the axial skeleton due to the greater sensitivity of the method; ii) the discrimination of myeloma from normal marrow; iii) the accurate illustration of spinal cord and/or nerve root compression, soft tissue extension, head and neck plasmacytomas, avascular necrosis of the femoral head and iv) better evaluation of cardiac amyloidosis and/or soft tissue amyloid deposits. Furthermore, the presence of focal lesions on MRI correlates with shorter overall survival (OS) in several studies, in patients who received both conventional chemotherapy and novel agent-based regimens. One of the advantages of MRI is the depiction of marrow infiltration. Five MRI patterns of marrow involvement in myeloma have been recognised: (1) normal appearance of bone marrow despite minor microscopic plasma cell infiltration; (2) focal involvement; (3) homogeneous diffuse infiltration; (4) combined diffuse and focal infiltration; and (5) variegated or "salt-and-pepper" pattern with inhomogeneous bone marrow with interposition of fat islands. Low tumor burden is usually associated with a normal MRI pattern, but a high tumor burden is usually suspected when there is diffuse hypointense change on T1-weighted images, diffuse hyperintensity on T2-weighted images and enhancement with gadolinium injection. Diffuse MRI marrow pattern correlates also with poor prognosis in patients who are treated with conventional chemotherapy or novel agent-based therapies and changes in MRI pattern correlate with response to therapy. MRI may also contribute in the definition of symptomatic disease in asymptomatic myeloma patients with normal skeletal survey. However, further studies will reveal if abnormal MRI is going to be incorporated in the definition of symptomatic myeloma.

The Role of PET/CT in Multiple Myeloma: F18-fluorodeoxyglucose PET/CT (FDG-PET/CT) is reliable for most bone lesions that are at least 1 cm in diameter using a standard SUV cut-off of 2.5 to indicate the presence of disease. For lesions smaller than 5 mm in diameter, it has been suggested that any amount of FDG uptake should be considered positive regardless of SUV. Lesions between 5–10 mm are considered indeterminate if the SUV is less than 2.5. The sensitivity of FDG PET in detecting myelomatous involvement is approximately 85% and its specificity is approximately 90%. By combining MRI of the spine/pelvis and FDG-PET/CT, the ability to detect sites of active MM is >90%. PET/CT provides additional information for the assessment of MM bone disease in areas not covered by MRI, but further studies are needed before its broader use in MM. 

Other Imaging Techniques: Traditional technetium bone scintigraphy scanning is not recommended for MM patients as its specificity and sensitivity at diagnosis and follow-up is lower compared to conventional radiography. Dual-energy X-ray absorptiometry (DXA) is a valuable method for the definition of osteoporosis and in MM it may influence the decision to begin bisphosphonate treatment. Limitations of the method include its influence by spondylosis, spinal osteophytes and vertebral collapse, its difficulty to recognize myeloma osteoporosis from other forms of osteoporosis. DXA fails to predict disease progression.

In conclusion, conventional radiography remains the cornerstone for the evaluation of MM bone disease. Whole body MRI can give complementary information to skeletal survey and is recommended in patients with normal conventional radiography. MRI of the whole spine should be performed in addition to the skeletal survey as part of staging in all patients with a solitary plasmacytoma of bone. Urgent MRI is also the diagnostic procedure of choice to assess suspected cord compression in myeloma patients even in the absence of vertebral collapse. CT of the spine or other areas of the skeleton may be considered to clarify cases of clinical concern in the absence of MRI and to guide tissue biopsy. PET/CT can give complementary information to MRI but its use in MM has to be clarified by further studies. The incorporation of abnormal MRI to the definition of symptomatic myeloma also needs to be clarified. 
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