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Microdamage Morphology and Distribution in the OVX Fatigue-Loaded Rat Ulna: Effects of Absolute
Estrogen Status and Strain Mode on Microdamage Accumulation and Repair
Horn, JB; Williams, TJ; Mendenhall, SD; +Skedros, JG
+University of Utsh Department of Onhopaedic Surgery, Salt Lake City, Utzh
jskedros@utahboncandjeint.com

INTRODUCTION: Ogteoporotic fragility fractures and stress fractures
are thought to be atributed to the accomulasion and coalescence of bone
microdamage (mdx) (1, 23, These fractores ire usually prevented by
bone remodeling processes that are targeted to areas of mdx (3, 4).
Ostescyte apoptosis thal ocours in areas of damaged bone may act as a
Iecalizing signal for osteoclastic resorption and subsequent repair (3, 6),
Factors affecting how and where this madx accumulates aml is repaired
include age, sex, load strain-mode (compression, tension, shear), and the
amount of previous strain-mode-specific adaptation {7-9), Hormones
such as estrogen (est.) also play a significant role by regulating apoptosis
of osteocyles, osteoblasts, and osteoclasts (10, 11, To better understamnd
the events that proceed fragility fractures and the impact of est. on this
process, we utilized the rat ovariectomy (ovx) fsigue boading model
{12) to test the hypothesis that the lack of est, would lead 1o a higher
amount of mdx accumulation fellowing a single bout of fatigue loading
and 18 days of healing time. In addition, we hypothesized that there
would be stronger strain-mode correlations with specific mdx types in
est, deficient animals due to less repair of fatigue damage.
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Fig.1 A) Diagram of the ral ulng leading moded B) Cross-section of ral uing showing
medial ‘compression’ and lateral Tension” corices C) Diffuse malrix damage O) Dendrigc
disnuption E) Coarse linear mdx (arrow) and fine ndar mdx [arcwhead); scale bars=50y

METHODS: Following IACUC approval, 26 five m.o. female Fischer
344 rats were obtained from the Matl. Inst. on Aging (Bethesda, MD).
Six rats were used for load/strain calibration and the remaining 30 were
divided into two experimental groups (OVX and OVE-ESTL To conirol
the absolute ¢st. status of the animals, both groups underwent ovx and
only the OVX-EST group was repleted with daily p-Estradiel (0.05
mg'kg) injections, while the OVX group remained est, deficiens. The
animals were given 7 days (o recover from surgery before mmechanical
loading of their forelimbs (Fig. 1A) was performed at 2 He and 3000
pstrain (20-25 N). This produced - B5% of fracture displacement which
Ias been shown to cause a “high™ level of mdx (13). All animals
ambulated normally within 24 hours, During fatigue loading two
animals sulfered Mractures in each experimental group leaving N=13.
The contralateral ulnae served as controls. All animals were sacrificed
18 days following fatigue loading by CO. inhalation. The ulnze were
dissected free of soft tissue, Axed in ELOH, and bulk stained gn blog in
1% basic fuchsin (Mallinckrodt Baker, Inc.). Ten transverse sections
were cut from the mid-third diaphysis, mounted on shides and ground o
~Slgem. Mdx entities were quantified in medial (compression) and
lateral {tension) regions (Fig. 1 B) using a PCM-2000 confocal
microscope (MNikon, Melville, NY). The specific mdx types quantified
included: coarse linear microcracks (> 100 microns in length), fine linear
microcracks (< 100 microns in length), diffuse matrix injury (DM}, and
dendritic disruption (D) (Fig. 1C-E}. DMI was calculated as a
percentage of cortical bone area while DD was quantified using a
severily score whergin each entity was given i score of 3 points then
divided by conical area, Two investigators independently quantified
DD and the results were averaged. Kruskal-Wallis Z wests were
empioyed for comparisons with significance setal p=<0.03.

RESULTS: Fig. 2 highlights the results of the mdx quantification.
Intra-group medial (“C") vs. lateral {“T"") companson showed a
significant difference in the coarse lineur mdx in the OVX-EST group
with a higher crack density in the medial cortex. In the OVX group,
there was o significant med fat. difference in the DMI and DY with the
lat. cortices having more mdx (see p values superimposed on bars in Fig.
2). The inter-groap comparison showed that the OVX-EST group had
statistically significantly more mdx in all subtypes excepdt for coarse
linear micrecracks in the lat, (T} cortex, and DMI which was higher in

the OVX group (see H-'ﬂl-lﬂ-'& above bars in Fig. 2).
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DISCUSSION: Our ]!}lpqﬁiqwix ﬂlmm“muld be more midx
accumulation in est. deficient animals {consistent with clinical findings
in postmenopausal women who sulfer fragility fractures) was only true
for the DML This is an interesting finding in light of previous studies
including our own work showing no association between DM and
repair-chirected remodeling (14, 15). Therefore it 15 possible that the
redhection in osteoclast apoptosis by est. deficiency (1 1) and the increase
in osteocyle apoplosis due 1o damage (6) and est. withdrawal (100 that
early est. deficiency leads o a paradoxical increase in osteoclastic repair
of damage in our 5 meo. rats, I the rats were older andfor est. deficient
for a longer pericd of time prior to fatigee loading ( > 7 days as in the
present study) it is feasible that other mechanisms such as increased
porosity and decreased robusticity and bone mineral density could lead
1o a greater mdx burden that would overwhelm repairing capacity such
as seen in long term osteoporosis. It is also noable that DMI was not
only larger in the est. deficient animals but there was also a significant
med/Tat strain-mode difference found as well consistent with previous
reports of this being a tension specific form of mdx (1, 7). These
findings could mean that est. may protect against this subtle form of
mdx, and its accumulation in est. deficiency may lead to a continuing
decline in bone tissue mechanical propentics contributing to fragility
fractures.
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