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GEMETIC DIFFERENCES IN BOME RESPOMSE TO IN VIVD
LOADS IN MICE. MP_Akhter, T Satterfield*, DM Cullen, DB
Kimmel. Creighton University; Omaha, NE.

Differences in the bone rﬂm to external loading in low
(CS7BL/€]) and high peak density (C3H/He]) mice
were examined, The general concept of an in ive tibial four-
point bending device used for rats was miniaturized for
mice, [n vive strain during loading was measured directly in
six adult mice of each breed through uniaxial strain g;aﬁi
attached to the right tibial lateral surface, in the center of
loaded region, 3mm proximal to the tibio-fibula junction.
Mext, the right legs of six C57BL/6] and five C3H, He] mice
were externally loaded in the device for 36 cycles/d@2Hz,
6d/ wk for two wks by 9.5H0.9N force, inducing 15404497 e
E{?ﬂ}ms'ﬂhm Ii'?dae ﬁ\:iere wnt;leasuredrrforhn}tarmw area

Ar), cortical area (CtAr), area (Tt periosteal
and endocortical woven bone surface (Wo B/BS), and total
formation surface (FS/BS). Differences due to breed and
loading were tested by two way ANOVA,

C57BL/6) C3H/He]

Variable Loaded | MonLoad | Loaded | Monload |
Ma Ar{emd) | 0.44+0.08 | 0.4440.14 | 0.17£0.03= | 0.1320.03>
CrArmm? | 0.63+0.08 | 0.58+0.12 | 0.5640.05 | 0.56=0.05
TtAr(mm?) | 1.0720,10 | TOIH0.25 | U./a40.065 | 0.700.06°
pWo.B/BS{%) | Tixid 00 S4dde [iF1]
eWo.B/B5(%) | 45230 2] BE14% 00

FS/ B5(% THx12 1057 | Shedees | d2+32

- | | 79413 | 12e10 | sgeow 31279
sdifF due to loading: bdiff due to breed (P<02)

Marrow area and total area were greater in C57BL/ 6] than
in C3H/He|. Periosteal woven bone and formation surface
were higher due to loading in both breeds. However, breed
influenced the endocortical formation response to loading,
C57BL/ 6] being greater than C3H/ He]. We conclude that the
response to external loading of equal force is more robust in
the low peak bone density breed (C3H, He]).
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ELASTIC AMISOTROPY OF OSTEOMAL BOME 1S DEPENDENT ON
THE MECHANICAL STRAIN DISTRIBUTION. Y. Takapo, G.H. Tumner,
DB, Burr, Depanmeniz of Anatomy and Onhopaedic Surgery, Indiana
University, Indianapolis, [N 46202
The relaticnship between mechanical sirain and elastic anisotrogy of
osteonal bone was investigated using an acoustic microscope. Ulnar
eslectomees were performed on three adult loxhound dogs. Thres mone
dogs recebred 8 sham surgery. The dogs were allowed normal kermel
aclivity for 12 months, after which, thees rosetle stmin gages wene placed
on the ridshaft of the radius and in vive surisce peak strains and strain
distributions were measured. Ostectomy caused the neutral axis of the
bending strains 10 be rolated and changed the suface peak strains. Aher
strain measuremants, the dogs were euthanized and mdii were removed
and emibedded in plastic, Cross-sectional and longitudinal 500 mem thick
sections wera cul from the antedicr, postenior, medial and lateral regions of
each radius. Acoustic velocity (AV) was measured for sach section using
an acouslic microscope, From AV measurements, an elastic anisotropy
ratio (AR) was calculated. AR was significantly positvely comelated with
strain (r=0.8, p=0.0001) such that the highest AR were in regions of bone
loaded predominantly in tension and the lowest AR were in compressie
regions. In the osteotomy group, we
1.6= identified a region that had very low
== Os1e0loM™  girging pravious o osteotomy, bul had

g Sham high tensile strains after osteotomy, In
1.5 = this region, AR was significantly higher
% n the osleclomy group than the

camresponding region in the sham
group (n=3, p<0.05) and tha
o o carresponding regien in a baseline
conirel group (n=3, p<0.05). Alering
thr sirain environment caused changes
in the bone tissue making it more
1.2 anisciropic. The new bone appeaned
Bassine  12Momih  lo have more longitudinally oriented
T coflagen fibers under polarized lght. In
*;hf'“b:':':::""wﬂ';“"' FaM  onclusion, the lissus 'quality’ of bone
may depend upon s mechanical

#: Sigrificanaly dffarent oM pading envisonment.
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UMIFORM OSTEOCYTE LACUNA FPOPULATION DENSITIES IN A LIMB
BONE WITH MON-UNIFORM CUSTOMARY STRAIN MILIEU AND
HETEROQGENEQUS MATERIAL CRGANIZATION LG, Skedros, K., Deich®,
M.D Firguich®, and MW Mason® U, South. Cal. and Penn, State Depts. of
Orthopaedics, LA, CA and Hershay, PA; & DWVA Med. C1., Sall Lake City, UT

Osteocytes embedded within bone tissue may be the “sensors™ which
transduce sirmuli relevant in bone aqgan homeostasis and adaptafion.
modificaions in the sensitivity of this netwark is required, then & s Ikely that this
s accomplished by adjustng cell numbers. To examine this hypolhesis,
osteocyte lacuna population densiSes (OLUPDs) were quantiSed in corbeal
locations of the horse radius. [n vivo measuemaents have demonsirated that
during funcBonal loading the cranial cortex receies predominantly tension
siraing with peak magnitudes of approximately 1000 microstrain, and the
caudald cortex receives compression straing of approximately 1250 microstrain.
Twao Smim thick segments were cut from the mid- i proxmal-third diaphysis
of one radius from esch of 10 skeletally maiure stendard beeed horses.
Segments were embedded in polymethyl methacrylate, and bwvo 50X
backscattered electron images were oblained in each of the paricsteal (F),
middle (M}, and endosteal (E) regicns al the cranial, cavdal, medial, and
Iateral corfical locations. Secondary ostecn population density (SOPD),
fractional area of secondany osteon bone (FASB), and porosily (central canals
and ciher vascular channets) were quaniified wsing point counting lechniques,
Osteocyle lacunae were counted indhidually. Mineral content (ash fracion)
was delermined in each corex by ashing (550C) bone specimens from
adjacent segments.  Three-way ANCWVA (section, eotical localkon, region)
showed no statistical differences in OLPD between the bwo segments (p =
0.20}, and all possible comparisons of the 12 regions (p = 0,34). Fisher's
PLED post-hoc tests showed thal OLPD per mm® bone in the cranial cortex is
stasafieally lower than in he caudal (p = 0.013) and lateral {p = 0.002) cortices
{cranial 478+137; caudal 522#152; medial 512+12%; lateral 532#125).
However, these differences represent only approsimalely a two macron
difference in the distance between any two neighboring osteocydes. The
caudal cortex has neardy two-fabd greater SOPD and FASE than the cranial
comex (p<0.01), Lingar regression analysis showed poor comelation betwean
OLPD and SOPD (F = 0.038), FASE (F = 0,033), and parasity (F = 0.008).
Less than 1% d&erence in ash Iractions and equivalent numbers of resarption
spaces betwean cortices suggests uniformily of regional remadelng (renewal)
rates. It is possible that the variation in the customary strain milieu & not
sufficlent 1o require reglonal adjustments in the sensitvity of the "sensor”
network, However, the helersgensous material organization and relatively
unifarm cell densities may reflect both the achievement of optimal tissue
constuckion and ool distribuion for bath cell-rmatrx and cell-cell ineractons,
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THE RELATIONSHIP OF STREAMING POTENTIAL MAGNITUDE TO
STRAIN AND FERIOSTEAL MODELING IN THE LOADED ULMA.
B.E. Beck®, Y.X. Qin* CT. Rubin, K.J. McLeod* and MW, Otier®
University of Cregon, Eugese OR 97200 and Musculo-Skeletal Research
Laborateries, Staie University of New York, Stoay Brook, NY 117948181,

Madial Tibial Stress Syndrome (MTS5) ks an overuse condition of the tibia
which mayy result from periosteal modeling induced by repetitive impact loads.
Improved anderstanding of the biomechanical signalling relevand to bone
modeling may, therefore, facikime the development of mare effective treatment
madalities for MTSS than are currently available,

Tibial boading resalts in the development of both axial and bending straing in
the tiszue, and it has been suggested that the initiation of the modeling response
may be due 10 the bone or perioateal tissse deformation. However, sub-periostenl
bone formation induced in response (o boading has frequently been observed 1o
occur gway from the sites of maximim ssrain, This obéervation indicates that an
alternative tmnsduction process, such as soeaming poientisls, may lak
mechandcal loading 1o the bane modeling response.

Streaming potentials were mexsured o the sites of maximam and minimum
srain on the mid-diaphysic of 6 fanctionally isolated terkey ulnas undes (v
digtinct loading conditions (uxial and bending boads), ot 19 lading frequencies,
from 0.1 10 100 He Significant streaming potentinls were observed under all
recording conditions, with magnitedes which increased with loading magnitude,
and which also exhibited a dependence on frequency of loading, Streaming
potential magnipodes oheerved s the high and low strabn sies wene found not 1o
be sigrificantly different under either bending or axial loading conditions
(Table 1). Howewver, at the higher sirain levels, bending loads gave rise 1o a
significamly kgher average streaming polential measurement than axial loads.
‘The demonstration of significant streamang polemials occuring at sites of
eninimal strain lends suppart to the hypothesis that load-indeced sireaming
potentials, or the cormesponding Muid pressures or Alows, may transdace
mechanical information to isduce periosieal modeling. Fanher, the remarkable
uniformity of the potential mesturements suggests that some mechanism of
spatial integration may play a mode in the signal ransduction pathway through
which mechasseal stimuli inflsence bone ndaptagion.

Axial (x5.d.) Bending (£3.4.)

High serain sit Fheh pv ZIEII0 pv

L strain site PRESIpV 1704130 p ¥
Table I. Repre i tential ements obtained across wina comex

under | Hz axial and bending loading conditions (N=6 animals). fnter-animal
variabiliry is seem to be substantial, Peok induced strairs were J00-600 pe.
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