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Abstract 
It is very important to accurately characterize skull lesions so that appropriate treatment decisions can be made. False 
positive readings may lead to unnecessary surgical intervention or radiation. We present a case of a parietal lesion seen on 
Diffusion weighted (DW) MRI, and further characterized with NaF18-PET/CT and CT in a 69 year old male. This is the 
first case to report the use of DW MRI, NaF18-PET/CT bone scan and CT in the diagnosis of a skull lesion. DW MRI is 
known to have high specificity to detect malignant lesions in the skull. If a similar case such as ours in encountered in 
everyday clinical practice, a differential diagnosis of a benign etiology should be considered. 
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1 Introduction 
To our knowledge, this is the first case to report the use of both DW MRI and NaF18-PET/CT bone scan in the diagnosis 
of a skull lesion. Prostate, breast and lung primaries account for the majority of skull metastases. Metastatic tumors of skull 
are more common than primary skull tumors. Tumors usually spread to bone hematogenously. Bone metastases may be 
asymptomatic or may produce pain, swelling, and pathologic fracture [1]. DW MRI method relies on the diffusion of water 
molecules across cells and tissues for imaging [2]. It can detect physiological abnormalities even before structural changes 
are apparent. This technique has great versatility because it can be used for making a primary diagnosis and prognosis 
prediction, following the treatment response after chemotherapy or radiation and restaging of tumors. Cancerous lesions 
have higher cell density, fibrous tissue and areas of necrosis compared to surrounding normal tissues [2]. Thus, tumors 
present a greater barrier to water diffusion than normal tissues. Neoplastic lesions can show up as high intensity lesions of 
DW MRI. The advantages of DW MRI include quick imaging time, noninvasive protocol, no radiation exposure and no 
need for contrast. However, there are limitations for this type of imaging. It is very prone to artifacts such as motion and 
breathing artifacts [2]. The standard 1.5 T MRI used in our case is best for DW MRI protocol because it can reduce the 
background noises. Moreover, sclerotic lesions such as metastasis from prostate cancer do not show up as high intensity 
lesions [2]. NaF18-PET/CT can detect bone metastases based on the osteoblastic reaction. It has the advantage of being able 
to image the whole body in one exam. It has higher sensitivity than Tc-99m MDP bone scan and it can more accurately 
differentiate between benign and malignant lesions [3].  
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2 Case report 
This case report was approved by the institutional review board. This is a 69 year old white male without any history of 
cancer but with a history of chronic smoking, alcohol abuse, osteopenia, migraine headaches, left sided weakness, 
myoclonus, intermittent loss of consciousness and frequent falls. He denied any urinary or bowel incontinence but he had 
1 recent episode of dyssarthia. In addition to this, he had tinnitus and gait instability. His family history is positive for 
cancer. He had an MRI exam to evaluate the left sided weakness and it found a right parietal calvarial lesion measuring 
1.1cm, which was suspicious for metastasis (see Figure 1a, 1b). Two days later, the patient underwent a DW MRI to 
further evaluate the previous findings (see Figure 1c). The DW MRI showed an enhancing 1.1cm right parietal lesion with 
associated reduced diffusion. This lesion was again regarded as highly suspicious for metastasis. There was no evidence of 
stroke on DW MRI. Complete blood count (CBC), calcium and vitamin B12 levels were within normal limits. Serum and 
urine protein electrophoresis was negative for immunoglobulins. Three days later, our patient had a head CT and it showed 
a 6 × 10 mm lytic right parietal lesion which extended to the inner table of the calvarium (see Figure 1d). One day later, the 
patient had a whole body NaF18-PET/CT bone scan and it showed minimally increased osteoblastic activity within the 
right parietal calvarium, which corresponded to the abnormal focus seen on the recent MRI (see Figure 1e, Figure 2). Five 
months later, he had a head CT to assess the stability of the lytic skull lesion (see Figure 1f). The most recent head CT 
showed no interval change in size for the lytic right parietal lesion with no new lesions identified.  

 

Figure 1. The imaging exams are done in chronological order from left to right. The arrows show the focal lesion on right 
parietal bone. (a, b) T2 weighted MRI image. (c) DW MR image. (d) first CT image. (e) NaF18 bone scan of calvarium.  
(f) last CT image. 

3 Discussion 
DW MRI is very specific for detecting strokes and metastases. A study by Nemeth et al reported 100% specificity for DW 
MRI in detecting skull metastasis [4]. It was found that DW MRI was comparable to or more sensitive than FDG-PET/ 
CT [5, 6]. Moreover, Mosavi et al found that whole body DWI MRI has higher specificity than NaF 18 PET/CT for detection 
of bone metastases caused by prostate cancer [7]. In the skeleton, the uptake of FDG occurs directly into tumor cells, 
whereas the uptake of fluoride ion depends of skeletal reaction to tumor, with accumulation on the mineralizing surface of 
bone rather than in the tumor itself [8]. Sclerotic metastases are relatively acellular and lower volumes of viable tumor 
tissue have lower glycolytic rates [8]. In prostate cancer with mainly sclerotic skeletal metastases, FDG-PET has low 
sensitivity [8]. In breast cancer, FDG-PET has a high false negative rate [8]. This may be because of different affinity of lytic 
and sclerotic lesions for FDG, both of which may occur in breast cancer. FDG PET produced more false-negative findings 
for bone metastases than for non-osseous metastases because of the low uptake of FDG by bone [9]. NaF18 PET can more 
correctly identify bone lesions as benign or malignant [8].  

Our patient had both DW MRI and bone scan and the lytic right parietal lesion was detected on both exams. Lesions with 
focal fluoride ion uptake are associated with malignancy while a diffuse uptake indicates a benign condition. Furthermore, 
benign lesions can have the appearance of hyperintensity on DW MRI because they can contain fat cells, pus, edema, cyst, 
scar tissue, fibrous tissue and necrotic tissue and this can hinder the movement of water molecules. On MRI, age related 
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