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Mission
The Biomaterials Laboratory develops methods 
to study natural and synthetic biomaterials using 
magnetic resonance imaging and spectroscopy.

•Bone mineral
•Pathological calcification (atherosclerosis)
•Synthetic calcium phosphate ceramic 
implants
•Polymeric implants
•Composite implants
•Intravascular RF coils

Yaotang

David

Denise

Gyunggoo

Jerry

Chris

Porous Porous ββ--Tricalcium Phosphate Implant PorosityTricalcium Phosphate Implant Porosity

Large Pores Small Pores

Pure
water

13 mm
implant

Proton MRI of imbibed water measures internal
porosity distribution in porous structures

11H Solid State MRI of Bone MatrixH Solid State MRI of Bone Matrix

Single image planes from full 
three dimensional data set:
Total proton content

Same as above, except with 
water and fat suppression:
Solid proton content
(mostly collagen)

Photograph of the 
bovine bone 
specimen

Cortical
bone

Marrow

Cortical
bone

Marrow

Axial Views Longitudinal Views

Projection imaging of free 
induction decays

Wu, Ackerman, Chesler, Graham, Wang, Glimcher. Density of 
organic matrix of native mineralized bone measured by water and 
fat suppressed proton projection MRI. Magn Reson Med. 2003; 
50: 59–68.
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Intravascular RF CoilsIntravascular RF Coils

Farrar CT, Wedeen VJ, Ackerman JL.  The cylindrical meanderline radio frequency coil for 
intravascular magnetic resonance studies of atherosclerotic plaque.  Magn Reson Med.  In press. 
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Dewaxing  of a Green β-Tricalcium Phosphate
Ceramic Pellet at 200 °C by Proton MRI

1H spin echo images of a green pellet of β-tricalcium 
phosphate with 50 weight % polyethylene glycol binder at 
200 °C.  Field of view = 120 mm, TR = 1 s, TE = 16 ms, 
number of pixels = 128 x 128, slice thickness = 2 mm, PEG 
particle size = 100 < mesh < 200.

7Li Spin Echo Images of Molten LiCl at 700 oC

Field of view = 100 mm, TR = 1 s, TE = 16 ms, number 
of pixels = 64x64, slice thickness = 5 mm.
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Cho G, Segal E, Ackerman JL.  Nuclear magnetic resonance-compatible furnace for high 
temperature MR imaging and spectroscopy in situ.  J Magn Reson. 2004; 169: 328–334. 

Two Dimensional Solid State NMR Spectroscopy of Bone MineralTwo Dimensional Solid State NMR Spectroscopy of Bone Mineral

1H – 31P heteronuclear correlation (HETCOR) cross polarization/magic angle spinning (CP/MAS)
spectroscopy for structural and compositional analysis of bone mineral crystals.
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Hydroxyapatite (Ca8(OH)2(PO4)6) +
Brushite (CaHPO4·2H2O) test mixture
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Bone mineral specimen

Do hydroxyl ions exist in the
bone mineral crystal lattice?

Historical controversy:
possibly not

Unequivocal solid state
NMR evidence:

YES!

Cho, Wu, Ackerman. Detection of hydroxyl ions in bone mineral by 
solid-state NMR spectroscopy. Science. 2003; 300: 1123–1127.


