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INTRODUCTION: Some of the earliest scientific
measurements were calorimetric—i.e. heat produced
or absorbed during chemical reactions or changes of
state. Bunsen (1811-1899) placed small animals on
blocks of ice and used rate of melting as a measure of
metabolic activity. Calorimetry has, of course, pro-
gressed enormously. However, not many biomaterials
scientists are aware of the power of isothermal micro-
calorimetry (IMC) for quickly determining either rates
of biomaterial degradation processes or magnitudes of
cultured cell metabolic responses to biomaterials.
This paper presents IMC advantages, illustrative stud-
ies, and possible future applications.

IMC ADVANTAGES: IMC has six attractive fea-
tures for determining process kinetics and energetics.
Sensitivity. A few grams of sample are usually suffi-
cient for measuring even slow processes, such as oxi-
dation of stable polymers. Rapidity. IMC can capture
rate constants for slow processes in a few hours.
Methods based on accumulation and quantitation of
degradation products can require months. Simplicity.
Studies of slow processes frequently can be carried
out in sealed ampoules, with no need to monitor or re-
plenish the environment, since there is often no sig-
nificant consumption of reactants or accumulation of
products. Universal Detection. Most rate monitoring
techniques record a change in one property; e.g., pH,
so the rate process must be understood in advance.
IMC is a universal detector since heat is produced or
consumed in all physico-chemical processes. Direct
Determination of Kinetics & Energetics. Aggregate
rates can be determined directly at one temperature
using curve-fitting software to find a rate equation.
Heat energy evolved or absorbed in transient proc-
esses (e.g., surface adsorption) can be obtained di-
rectly by integrating heat flow data. Re-Use of
Specimens. If a slow process has been measured, the
IMC specimen is little changed and thus available for
other studies.

PREDICTING BIOMATERIALS STABILITY:
IMC data are used routinely to quickly predict shelf
life of solid pharmaceuticals. To our knowledge, IMC
has not been used to study the stability of implant ma-
terials, other than in our recent work [1,2]. We have
studied stability of UHMWPE, CaSO, bone void

filler, and acrylic bone cement powders in air and
buffered saline. One major finding was that radiation
sterilization icreases the oxidation rate of UHMWPE
7X-10X compared to EtO, and the rate difference per-
sists after ~9 years (!) of post-sterilization shelf stor-
age and/or clinical TJA implantation. Oxidation
embrittles UHMWPE.

MEASURING CULTURED CELL METABOLIC
RESPONSES: The first known IMC study [3] of cell
metabolic response to biomaterials evaluated re-
sponse of granulocytes to dialysis membranes. The
order of difference in response to 4 different mem-
brane materials correlated exactly with clinical studies
of compromised granuloctye and leukocyte function.
We used IMC to study response of transformed
macrophages to TJA wear particles [4] (U.S. NIH-
NIAMSD grant 1R41-AR44581-01). The rate of
metabolic heat generated by ~1.25x10° cells
? ? RPMI was ~22 uW (~18 pWr/cell). Exposure to
~1.25x10° of 1-6 um gel-trapped particles (either Co
alloy or HDPE) raised heat flow by 15-20 uW. LPS
was used separately as a positive control. Also, LPS
further increased metabolic response when adsorbed
on HDPE, but not on Co alloy.

SUMMARY: IMC is a uniquely sensitive, rapid, di-
rect means for quantitating both biomaterials degrada-
tion rates and responses of cultured cells to
biomaterials. Planned IMC studies include surface ad-
sorption of cells and bioactive molecules.
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