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Brdi Tracking of Preosteablasts in Formalin Fixed, Decalcified
Regenerating Bone. E.C. Wahl*', 1. Aronson*?, mms{ CKE.

i3 Arkansas Children's Hospital Research Institute, Linle Rock, AR,
USA, *Departments of Orthopedics and Pediatrics, University of Arkansas for
Medical Sciences, Linle Rock, AR, USA.

Distraction osteagenesis (DO is a limb lengthening procedure that induces rapid bone
formation by slowly setching & surgically introduced fracture at 2 prescribed rate and
rhythm. In aeder 1o track the pre-ostecblasts in the distraction gaps of rais, we wtilized two
types of immuschistochemical markers. The first was an injection of bromoedeoxyuridine
(Brdll}, a thymidire analog, followed by immunochistochemical staining for BrdU positive
puclei. The sscond was the antibody against proliferating cell auckear antigen (PCHA)
Four male Spragus Dawley rats {350g) underoent standard DO surgery. External fixators
wese placed on the left tibiae and mid-disphyseal tibinl osteotomies were performed
immediately following fixator placement. Distraction began ome day after surgery at
0, 2enm b.i.d, (0.4mmiday) for 12 days. On the twelfth day of distraction the rats were given
an intraperitoaeal injection of BrdUl labeling reagent (1ml/100g). A rat was sacrificed 2,
24, 4%, and 72 hours afier the injection. At the time of sacrifice, the disiracted tibine were
harvested and stored in neutral buffered formalin (NBF) until processed for histology. A
small section of intestine from each rat was also collected a5  positive Brdl! control. After
fixation in MEF, the tibise were decaleified in 5% formic seid, dehydrated, and embedded
in paraffin. Scrial scstions were then stained with either 2 mouse monoclonal antibady
against PCMA (PC-10), a monoclenal antibody against BrdU, or o normal mouse 1gG for
pegative control. A comparison of PCNA+ cells and HEE stained cells in serial sections at
each time point demonstrated that the PCNA+ cells were located in the zone cutlining the
sew osteoid columnes and in the $inuscids between the columns. No PCNA+ cells were
soted in the pew microcolumns, A comparison of BrdU+ cells and H&E stained cells in
sesial sections af the 2 and 24 hour time points demonstrated thar BrdlH+ cells were also
located outside the microcolumns. At the 48 hour time point, BedU+ cells first appeared
scattered throughout periosteal new bone, microcolumns, and camilage. This same pamemn
was observed at the 72 hour time point, except that a greater majoriry of cells in the new
columns were labeled. The results demonsirate for the first time that during DO at least 2
subset of the prolifesating cells, jussaposed to the newly developing ostecid column tips,
ean be “tracked” over a 48 -72 hour period, into the osteoid columns, confirming their
identification as preostechlasts.
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Comparative Analysis of Confocal and Light Microscopy for Detecting In
Vive Microdamage in Wild and Domesticated Animals. W, E. Anderson*’, I
G, Skedrog®. "Univ, Utah Dept. Orthop. Surg., Salt Lake, UT, USA, *UafU,
SLC, UT, USA.

Microdamage (mdx) accumulation is belisved to be important in the etiology of stress
and fragility fracrures. But detecting in vive bone mdx is difficult, Confocal mictoscopy
appears to be gaining popularity s the “gold standard” for detecting mdx because it is
considered mare sensitive than light microscopy. We tested this hypothesis using one
caleanens from each of 11 wild deer, 11 wild elk, 11 domesticated sheep, and 11 noa-racing
horses. In addition 1o examining entire beme sections, we also examined prevaleat/
predominant mediallateral “shear” regions and caudal “tension™ regions to see if these
relatively more deleterious loading environments are associated with increased in vivo
mdx when compared to cranial “compression” regiong. | smm-thick mid-diaphryseal
segments were bulk stained in 1% basic fizchsia [Burr & Stafford 1990 Clin. Orthep.]. Two
investigators, blinded to the kypotheses, rigoreusly examined three 100micron-thick slices’
bone at 1040 using transmitted light and confoeal microscopy for various forms of in
viva (fuchsin stained) mdx (linear microcracks, diffuse mdx, wispy mdx, and osteonal
debonding). Confocal microscopy was conducted using a Nikon PCM-2000 with a green
HeNe LASER (543nm wavelength excitation; 565 LP filer). Evalustion in light
mieroseopy revealed 15 linear microcracks in 132 scctions: nine in deer {4 bones), two in
elk {1 bone), and four in horses (3 bones). In addition to confimming the presence of the 15
linear microcracks with light microscopy in the dees, elk, and horses, evaluation using
confocal revealed 83 additional mdx entities (debonded, wispy, and diffuse), none of which
could be detected with light microscopy. Frequencies of additional mdx entities included:
deer (n=45; all bones), lk (n = 24; all bones), and horses {n=14; 9 bones), Mo mdx was
detected in sheep calcansi wsing light or confeeal microscopy. These results confirm the
greates sensitivity of confocal microscopy. Highes levels of physical activity may explain
why the wild animals exhibited significantly more mdx. Approximately 60% of mdx was
concentrated in the caudal cortices where tensile strains are prevalent’predominant,
possibly acesunting for the high remodeling activity in this regicn. Confocal microscopy
may help determine if bones subject to habitual bending incur similar regicnal variations in
mdx prevalence andfor if these regional variations are minimized by regional adaptations
{e.g., ostean densities, collagen orientation) that serve to “loughen” the bone. In turn,
confocal microscopy may help determine how strain distributions might increase frasture
propensity in some bones, especially with aging (e.g., proximal human femur).
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Assessment of Neovascularization in Fracture Healing of COX-2 -~ Mice
Using Micro-Computed Tomography. C. Xie*', A, 5. B Lin*,

Schwarz', R. E. Guidberg**, R. &', X. Zhang'. 'Orthopasdics,
University of Rochester Medical Center, Rochester, NY, USA, Ceorge W,
Woodruff School of Mechanical Engineering, Georgia Instinute of Technology,
Atlanta, GA, USA.

Angiogenesis has been shown to play & key role in bone segeneration and fracoups
repair. We previously demonstrated that COX-2-f- mice exhibited impaired fractups
healing, as evidenced by significant delay in meseachyme differentiation and cart
mineralization. To funher determine whether delayed mineralization in COX-2./ mice
wis associated with the deficiency in necvascularization, we used micro-computed
temography (Micro-CT) to examine the gquantity and quality of vasculature in the fracture
callus of COX-2-- mice and their wild type control mice, A mid-diaphysesl fracture wag
created via 3 point bending in mouss femur and subsequently stabilized by o metal pig
placed in the inramedulllary canal. MicroCT vascular imaging was obtained via perfisiog
of a lead chromate based contrast agent Microfil followed by complete decaleification,
Segmentation was performed using software provided by Scanco o contour oul the
periosteal external callus and endosteal intemal ¢allus, excluding the cortex of the
fracured femur, The three-dimensional reconstruction of microvasculature within frachey
callus demonstrated a dramatic reduction of neovascularization in COOX-2-- mice
compared 1o the wild fype contral at day 14 post-fracture {Figuse). Clusters of highly
connected, closely spaced, and [3otropically oriented small vessels were observed in wild
type mice, but were almost absent in COX-2 /- mice, Quantitative analyses demonstmted
that the volume fraction of mineralization within fracture callus vwas reduced by 2.5 fold,
whereas the total vessel volume fraction was reduced by 3.75 folds in Cox-2+/ mice
{pa0.0%, n=3). Accordingly, vessel separation was increased by 1.5 fold and the average
thickness of the vessels was decreased by 25% in the knockouts (p<0.05). The dramate
differenice seen between COX-2 knockout and wild type mice was the connectivity of the
vessels, Wild rype mice demonstrated about 23 fold higher connectivity than OOX-2-%
mice. Taken together, our data suggests that deficiency in angiogenesis may play a key role
in delayed fracture healing in COX-2-/- mice.

Discloswres: X. Zhang, Nane,
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Automated Volumetric Imaging of /n Vivo Bone Formation Labels. G.1.
Kazakia®*', M. Singh*?, W. Yao', N. E. Lane’, T. M. Keaveny'. 'UC, San
Francisco, CA, USA, UC, Berkeley, CA, USA, *Stanford, Stanford, CA, USA:
*UC Davis, Sacramento, CA, USA,

In vive sdministered fluorcscent labels are indispensable in the stody of
metabolism. Standard histomorphometsy - particularly in mineralized Lissues
technically challenging and labor intensive. Moreoves, histomorphometric measures
on thin sections allow only 20 measures of the 3D structures of interest. With ren
interest in the role of bone quality in ostcaporosis, the distinetion berween 20 and 30
measures of histological structures such as remodeling spaces and microdamage ?“YE
important. The goal of this work was to apply a novel technique For visuslizing 3
distribution of fluarochrome labeled components within large biological specimens t
reconsiruction of an fn vive administered bone formation label. This method is _b’-"’d -
computer controlled milling technology and combines an arrayed imaging technique ol
fluorescence capabilities, thus enabling 30 fluorescence imaging of bone specimens of st
size at high reselution (on the order of a few microas). Biglogical specimens €00
fluorescent labels are embedded in an opaque resin and mounted onto the system

bone
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e
for serit
milling and imaging. After each milling pass, an imaging station excites the e
fleorochromes and captures the emitted fluorescence through a series of filters- .um
example, an in wivo calcein-labeled femur from & six month odd female Sprague-Dawley
was harvested and imaged, The proximal femur was fixed in 10% NBF, dﬂl"!'d”“'i'lm
embedded in opague MMaA, Autofluorescence was exploited to caphure beae !TW'-'I’_"" |
using a UV excitation filter and a DAPI emission filter. Caleein fluorescence Was poits
using a FITC filter sst. Two 23 image arrays (one per filter set) were ca fo et
exposed surface. A 5 mm length was imaged using 680 slices at an in-plane rcﬂ’““’:;‘w
microns/pixel and an out-of-plane resolution of 8 microns. Two superimposed ol gecond
data sets were readered for visuslization - one representing bone morphalogy Bﬂd;‘d iheit
representing bone formation zones. Spatial distribution of bone forming zo0es i
relation to local bone architecture were clearly distinguished and substructures "Ih i
entire osteon (length 1.36 mm; mean diameter 129 microns) were igolated, Imaginé



