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Recent evidence suggests that the mechano-sensitivity of osteocytes is mediated by
fluid-flow through bone’s lacunar-canalicular porosity. This idea has been examined in an
analytical model of the wrkey ulna [Srinivasan & Gross, Med. Eng. & Phys., 2000]. Dur-
ing normal loading this bone experiences circumferential sirain gradients thar are highess
along the peutral axis, which wypecally raverses the cranal-caudal cortices. Additionally,
regronal differences in fuid-flow dynamics within the wrkey ulna have been descnibed.
Imercortical and transcortical pressure gradients and fluid flux are largely dependent on
matrix porosity. 'We speculate that heterogeneities in osteocyte lacuna density and non-
lacuna porosity, in addition o other material characieristics, might be imporan consider-
ations in understanding fluid-flow and relaed strain dynamics. A IFaNEverse segmenl was
cut at mid-diaphysis of 11 skeletally mature domestic wrkeys, and four 200X backscat-
tered eleciron images (two endocomical and two pericortical; excluding circumferential
lamiellag) were obtained from comcal octans: O, D-Cr, Cr, D-Cd, Cd, V-Cd, ¥, V-Cr(D'm
dorsal, Cr = cranial, Cd = caudal, V' = veniral). These images were examined for osteocyte
Incuna population densities and non-lacuna porosity (primary and secondary canals, vascu-
lar channels). Secondary osteon population densities were quantified in cortical quadrans
(D, ¥, Cr, Cd). Oclam comparisons demonstrated more lacunae in the Cr and Cd cortices
compared 1o the other locations (p<0.001) [Means: Cr L316.6/mm2; Cd 1.388.0; range in
other regions: D-Cd 966.7 1o V-Cr 1,100.1]. There was relatively greater porosity in Cd, V-
Cd, and D-Cd regions {p<0.05). Howewver, non-lacuna poresity and lacuna density were not
comelated (r = 0.008). Quadrant comparisons showed significantly more secondary osteons
in the caudal corex. Previous data have shown that this region has significantly greater
thickness and bower mineralization (%ash). Pericortical-endoconical comparnisons showed
more lacunae in the pericortical region (1,234.4 vs. 1,170.1, p=0.05) and greater non-lacu-
nar porosity in the endocortical region (p = (U06), These datn demonstrate significant
regional microstrectural heterogeneity, In the context of fluid-flow analyses, it is important
te recognize that regional variations in lacuna and non-lacuna porosities might not be cor-
related. These are important considerations in analytical models examining strains and
fluid flow induced by anisodropy and architectural changes between the continuum and
microstructural levels of bene matrix morphology.
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Mechanical signals play important robes in regulating the homeostasis of articular carti-
lage. Under abnormal conditions, however, mechanical siress maybe a critical factor in the
onset and progression of anhritis. The pathways involved in mechanoransduction are not
fully understood but are associated with increased nitric oxide (NO) production via MOS2,
MOS inhibitors can prevent the onset and duration of anthritis in experimental models but
their influence on other inflammatory mediators such as prostaglandin E2 (PGE2) and beu-
koiriens B4 (LTB4) (derived from the enzymes COX2 and LOX) are nod fully undersiood.
To test the hypothesis that physiological levels of mechanical siress may indwsce the forma-
tion of PGE2 or LTB4, articular cartilage explants from 2 year old female pigs were sub-
jected o dynamic mechanical compression ar 0,1 MPa, 0.5 Hz. This mechanical regimen
has previcusly been shown 1o be associated with increased proteoglycan synthesis, Effects
of the NOS2 selective inhibitor 1400W or the COX2 selective inhibator NS398 were also
tested. PGE2 and LTB4 levels in the media were mesxsured by radioimmunoassay and
expressed as percentage of contrel. COXI, COX2Z and LOX proteins were determined by
immunoblot A 12-fold increase (p <0.03) in PGEZ occurred in response to mechanical
compression which increased 1o 40 fold in the presence of 1400% (p <0001, COX2 but
not COX1 protein was detected, Mechanical compression plus NS398 diminished the
PGEZ and NO induced by mechanical compression alone. LTB4 was not detected in
response (o compression alone but a 300-fold increase {p < 0L001) in LTB4 cecurred in
response Lo compression in the presence of 1400W, with increased LOX protein. These
data indicats that inducible NO has an important negative feedback role in the COX and
LOX pathways in articular cartilage, These findings may have important implications
regarding the pathogenesis of arthritis and the development of new bicphysical and phar-
macological interventions for arthritis,
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