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Introduction: The expected age-related change from red to yellow marrow has been described qualitatively by MR imaging (Ref. 1-2). 
To our knowledge, multi-spectral quantitative magnetic resonance imaging (qMRI) analysis of age-related change of the mandibular 
marrow has not been reported.   
Purpose: To determine the normal T1 and T2 relaxo-volumetric aging patterns of the mandible using multi-spectral qMRI, both globally 
and regionally, and covering an age range approaching the full human lifespan. 
Materials and Methods: Following IRB approval, 36 subjects (18 males, 18 
females, age range of 0.5-87 years) were enrolled for this study. Study population 
consisted of 2 volunteers and 34 patients who underwent brain MRI for various 
clinical indications. No subject carried a history of hematological disorder or 
malignancy. In addition to routine clinical brain imaging, all subjects were imaged 
with the mixed-TSE pulse sequence with a 1.5T MR scanner (Intera or Achieva, 
Philips Medical Systems, Cleveland, OH).  The mandible was manually segmented 
using 3D slicer 2.6, and further divided into 5 sub-segments; (I) anterior region, (II) 
premolar/molar region, (III) angle, (IV) ramus, and (V) condyle. The data sets were 
analyzed using a previously described technique (Ref. 3-4) that provides self-
coregistered and volumetric qMRI data sets. T1 and T2 histograms were generated 
with a pixel counting algorithm and further modeled with Gaussian functions. Peak 
values were derived from the histograms and plotted as a function of age. 
Results: Histograms of the mandible demonstrated expected age-related changes 
in bone marrow components. Examples of T1 histograms of selected subjects are 
shown in Fig. T1 histograms of the whole mandible were primarily bimodal, but 
differed in shape and peak location depending on age. In children age 0-4 years, 
T1 histograms consisted of a small broad peak at around 1400ms and a large peak 
with lower T1 values, suggestive of tooth follicles and red marrow, respectively. A 
separate peak of yellow marrow was demonstrated at around 450ms in subjects 
older than 4 years old, resulting to three distinct peaks in children age 4-10 years 
old. T1 histograms revealed a transition stage between age 4 years and early 20s. 
Finally, in adult subjects over 30 years old, T1 histogram showed a large peak of 
yellow marrow and also demonstrated a small peak at higher T1 values, which was 
suggestive of non-marrow components, such as the neurovascular bundle within the mandibular canal. These age-related changes in 
marrow components were also demonstrated in T2 histograms. T1 histograms of each sub-segment were similar to those of the whole 
mandible, with the exception of tooth follicle components in region I, II and III in younger subjects. However, the temporal progression of 
marrow change to complete adult-type marrow was region-specific, with most delayed maturation seen in region V. The peak values of 
yellow marrow were relatively consistent and independent of age and location, while the peak of other tissues including red marrow 
showed a decline with age in each region. The ratios of mandibular volume to intracranial volume were smaller (0.01-0.02) during 
childhood, remained relatively consistent at around 0.03-0.04 during adulthood, and showed smaller ratio in some of the older subjects.   
Conclusion: Expected progression of marrow change in the mandible by visual estimates is confirmed quantitatively in this 
investigation; such quantitative analysis may ultimately prove useful in detecting subtle marrow abnormalities prior to becoming visually 
apparent. 
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