Abstract 74: Orthopaedic Research Society; Vol. 32. 2007.
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EFFECTS OF AGE AND STRAIN MODE ON OSTEON-RELATED REPAIR
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INTRODUCTION: Osteon and hemi-osteonal formation is integral in
maintaining skeletal homeostasis. Deterioration of homeostasis is not
only associated with the reduction of bone mass, but also with the
degradation of bone tissue mechanical properties (i.e. bone “quality™),
bath which lead to fractures. In cortical bone, bone quality is greatly
enhanced by regional prevalence of specific osteon “morphoypes” that
are distinguishable by their collagen erganization (e.g. parallel-fibered
vz, alternating 2™ osteons) [1,2]. These morphotypes differentially affect
energy absorption by influencing osteon pullout and microdamage
(rndx) propagation [3,4]. Swdies of human and non-human bones have
shown that spatial distributions of morphotypes are asseciated with a
prevalent! predominant habiteal strain mode (i.e. tension vs.
compression) between regions of the same bone [5,6]. These
structurefunction relationships are alse clinically important because
they dircctly comrelate with healthy tissue. The idea of preventing the
degradation of this relationship that occurs with age poses a compelling
challenge — can the mechanisms involved in spatialtemporal formation
of osteon ‘morphotypes’ be controlled and ultimately used in attenuating
bone sencscence? This investigation employs an animal model as a
means toward the end of controlling 2™ osteon construction. Regional
differences in osteon morphetypes might form in response 1o differences
in mdx morphologies or strain environments (e.g. tension ¥s.
compression) [7]. Therefore, using the rat ulna loading model (Fig.1A)
we examined the affects of age and strain mode on mdx and resorption
formation. We tested the hypothesis that location (medial “compression”
vg, loteral ‘tension’ Fig.1B) and age comrelate with differential
mdxresorption production that, in tum, correlates with the formation of
distinctive psteon ‘morphotypes” in the compression/iensi niges.
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METHODS: Twenty-four male Fischer rats {12, 5 month-old, 351g +
22g; 12, 15 month-old, 430g + 18g) were obtained from the National
Institute on Aging (Bethesda, MDY, With IACUC approval, 8 rats of
each age formed the experimental groups and the remaining animals
were used for load'strain calibration. The right forearms were subjected
to evelic axial compressive loading from the flexed carpus to the
olecranon using a pneumatic-driven leading apparatus (AMTI,
Watertown, MA). The load strain calibration experiment showed that
300K pstrain was sufficient to produce ~ 85% of fracture displacement
which has been shown 1o cause a “high” level of mdx [8]. Fatigue
loading was performed at 2 Hz with a load force of 20-25 M for 5 and 15
maonth-old rats respectively. The contralateral ulnae served as non-
loaded controls. In each group one ulna fractured during loading leaving
them with n=7. All animals ambulated normally within 24 hours. Afler
18 days the animals were sacnificed by CO; inhalation, and the ulnae
were dissected free of soft tissuwe, fixed in EYOH, and bulk stained cn
Bloc in 1% basic fuchsin (Mallinckrody Baker, Inc.). Ten transverse
sections were cut from the mid-third diaphysis, mounted on slides and
ground to ~50pm. Mdx entities were quantified in medial
(“compression”) and lateral {*tension”) regrons using a PCM-2000
confocal microscope (Nikon, Melville, NY'). Bright-field and circularly
polarized light (CPL) microscopy was also used to examine each scction
for damage and osteon "morphotypes.” The specific mdx entities
quantified included: coarse linear, fine linear, wispy, diffuse matrix
damage (DMDY), and dendritic disruption (DD (Fig.1). Among the mdx

entities, DD could only be quantified using a visual analogue scale
derived severity score, Resorption space densities (Rs. NACLUAr) were
quantified in two groups: <50um and =530pm diameter. Kruskal-Wallis
ANOVA was employed for comparisons with significance set at p<0.03
RESULTS: In support of the initial hypothesis, there were significant
differences in mdx densities, including DD mdx, betwesn young and old
animals, with the young having significantly greater mdx (2, Limm® vs,
1. 1fmm?, p= 0001}, However, the older animals showed significantly
greater Rs NACLAr, Significant ‘compression” vs. “tension’ differences
in Rz NACLAr were found only with Rs <50 um diameter and only in the
older rats (Fig. 2). There were significant compression vs, (ension
differences in the coarse linear and wispy mdx types, which occurred in
both groups (Fig.2). Considering all mdx entities (excluding DD in
each group, there was greater mdx density in the medial “compression”
cortex vs, lateral “tension’ cortex in young (1. 4/mm’ ¥s, 0.5/mm?®, p <
0.001) but not in older animals (0.6/mm?® vz, 0.5/mm?, p = 0.6). The
hypothesis that distinctive mdx entities would correlate with tension-
and compression-specific osteon “morphotypes” could not be adequately
tested, because only a few of the resorption spaces filled in by 18 days
post-loading (Fig.1G). Consequently, our CPL examination for osteon
‘morphotypes’ only revealed a few completed 2°° osteons (Fig. 1H)
Mevertheless, 63% of resorption spaces were found to be associated with
mdx (within 50um of a mdx entity) supporting the possibility that they
were repairing mdx.
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DISCUSSION: Resuliz of this study showed age- and strain-mode-
related differences in mdx and resorption densities between the medial
‘compression” and lateral “tension” regions. However, our protocol did
nat allow sufficient time for osteon infilling even though previous
studies noted that intracortical remodeling in the rat ulna 15 well
underway at 10 days post fatigue (). For this reason we could not
adequately test the hypothesis that specific 2™ osteon ‘morphotypes’
correlate with specific mdx forms or densities. Although 2* osteons are
not known to occur in laboratory rats under typical circumstances, they
do form after metabolic stress (calcium deprivation) [10] and as a
consequence of ftigue loading [11]. Therefore, if more time 15 allotied
for osteon infilling {up to 28 days) [11], then the rat ulna loading model
still appears 1o be viable for investigating the mechanisms regulating
osteon construction. Additional studies are warranted to determine if
specific forms of mdx correlate wath the formation of specific osteon
‘morphotypes” that have been described in higher mammals, The
significant medial-lateral mdx differences might reflect the strain-mode-
related differences in thresholds for mdx formation. Cur data are
paradoxical in view of previous studies suggesting that mdx forms mare
readily in tension because ambient strains in tension are typically lower
than those in compression. An additienal imponant finding of the
present study is that some forms of mdx quantified were not closely
spatially associated (1.e., not within 50pm) with remodeling activity, For
example, our findings are consistent with findings of Bentolila et al. [%]
showing no obvious association of diffuse matrix madx with the
activation of repair-directed remodeling. [Supported by OREF 01-024)
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