In Vivo Bone Engineering in a Rabbit Femur
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The repair of bone defects in reconstructive surgery
has significant limitations. Donor site morbidity,
limited supply of autograft, and risks and compli-
cations associated with allografting and synthetic
bone substitutes are among the most significant. In
an effort to address these problems, the search for
an ideal bone replacement has led to the develop-
ment of a new method of poly(lactide-co-glycolide)
(PLGA) foam processing, enabling the production
of a biodegradable scaffold with similar porosity to
human trabecular bone. In this study, these scaf-
folds were evaluated for bone repair in vivo in a
femoral critical-sized segmental defect in New
Zealand White (NZW) rabbits. Three groups of
nine animals were investigated. In the first group,
the critical-sized defects were empty. Scaffolds
alone were implanted in the second group, whereas
autologous bone marrow cell-loaded scaffolds were
implanted in the third group. Animals ambulated
freely for 8 weeks after surgery, and bone forma-
tion throughout the defects was serially assessed
radiographically and quantified using a bone for-
mation index (BFI) measure. Postmortem radiogra-
phy and histology were also undertaken to examine
bone formation. There was a significant effect of
applying this technology to the amount of bone
formed in the defects as determined by the BFI (F =
3.41, P < 0.05). The mean BFI for the cell-loaded
scaffolds was greater than for the control group at
all measured time points (2-, 4-, 6-, and 8-week ra-
diographs). This difference was significant for the
2- and 8-week radiographs (P < 0.05). Qualitative
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histological assessment confirmed these findings.
We concluded from these findings that these PLGA
scaffolds loaded with marrow-derived progenitor
cells yield significant bone formation in a critical-
sized rabbit femoral defect. This technology com-
prising a novel scaffold design and autologous
cells may provide an alternative to current strate-
gies for reconstruction of bony defects.

Key Words: Tissue engineering, PLGA scaffold, mar-
row cells, bone, critical sized defect, rabbit femur,
bone formation index

he repair of bone defects in plastic and or-

thopedic surgery continues to pose a num-

ber of clinical problems. Although autolo-

gous bone has been the historical standard
for these procedures as a source of reconstructive
material, it has significant limitations. In particular,
donor site morbidity, including pain, loss of func-
tion, and local injury in the harvesting procedure,
and a limited supply of bone are among the most
significant of these. The use of allograft also carries
with it significant problems, including disease trans-
mission, host rejection, and lack of osteoinductive
properties.'

In an effort to address these problems, the
search for an ideal material has led to the develop-
ment of several reconstructive options to engineer
new bone tissue. These include synthetic osteocon-
ductive bone substitutes and osteoinductive com-
pounds such as bone morphogenetic protein or de-
mineralized bone powder®® and, more recently,
osteoinductive calcium phosphate materials.” The
development of synthetic resorbable scaffolds of ei-
ther inorganic or polymer composition®” as carriers
of progenitor cells of various tissues has facilitated
the move toward this ideal material.''" Further-
more, the ability to expand potentially osteogenic
bone marrow-derived mesenchymal stem cells by
cell culture has enabled the loading of such scaffolds
with bone progenitor cells for in vivo implanta-
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tion.'*'? Although various cell-based strategies for
bone tissue engineering have been extensively re-
viewed elsewhere,'*" these and other studies have
also illustrated several issues that have still to be
addressed in scaffold design. For example, some cal-
cium phosphate scaffolds demonstrate a limited abil-
ity to degrade in vivo,'® whereas others degrade too
rapidly in the presence of explanted marrow.'? Fur-
thermore, both inorganic'* and organic®® scaffolds
have been used whose geometries preclude invasion
by bone cells and tissue. Nevertheless, some inor-
ganic and organic biodegradable scaffolds have been
shown to permit tissue invasion®' and result in bony
union of critical-sized defects and restoration of
function after seeding with either autologous mar-
row-derived cells in ruminants' and lagomorphs™
or bovine cells in athymic mice.”®

Such cell-based scaffolding strategies for bone
engineering should, from a practical therapeutic
standpoint, rely on autologous cells and degradable
scaffold materials. Thus, although previous work has
demonstrated the feasibility of various aspects of
such an approach, a complete strategy has yet to be
adequately demonstrated in a clinically applicable
and reproducible manner.

The current limitations of these approaches are
related to the architecture and composition of the
implantable constructs themselves, which should al-
low a three-dimensional distribution of cells in vitro,
thereby accelerating bone healing in vivo. For ex-
ample, scaffold macroporosity has been known to be
a critical factor in cell migration and bone matrix
elaboration in vitro,** but pore bridging and occlu-
sion of scaffold pores by cells have been shown to
occur with both inorganic***2¢ and organic***” scaf-
fold materials. We have also shown that this problem
can be avoided by increasing the nominal macropore
size.”"?>?%2% The size and number of interconnectin%
channels within the scaffolds are also important.”
Kadiyala et al'?> showed that bone grew preferen-
tially along the implant/host interface but not
throughout the bulk material of macroporous scaf-
folds exhibiting no macroporous interconnectivity.
Similarly, Ishaug-Riley et al*® found that, with poly-
(lactide-co-glycolide) (PLGA) foams of 300- to 500-
pwm pore size, bone cells and tissue were only found
within 300 wm of the outer edge of the scaffold,
which inhibited cell growth and survival below the
first pore layer.

A new method of PLGA 75:25 production devel-
oped in our laboratory has overcome this obstacle as
demonstrated in vitro.”**' The new processing route
enables the production of a biodegradable scaffold
with similar porosity to that found in human trabec-

ular bone, facilitates the formation of bone through-
out the scaffold, and thus overcomes previous geo-
metrical limitations. Moreover, in vitro studies
indicate that the rate of degradation of this scaffold is
slower than that of bone formation in vivo, suggest-
ing its applicability in vivo.*> The combination of
mesenchymal stem cell isolation and expansion
methods together with this new method of PLGA
scaffold production seems to be a promising solution
to the problems thus far encountered.

Therefore, in the current study, PLGA scaffolds
were evaluated for bone repair in vivo in a femoral
critical-sized segmental defect in New Zealand
White (NZW) rabbits. For this study, three groups of
nine animals were investigated. In the first group,
the critical-sized defects were left empty. Scaffolds
alone were implanted in critical-sized femoral de-
fects of the second animal group, whereas expanded
autologous bone marrow cells were loaded onto the
scaffolds implanted in the third group. Animals were
allowed to ambulate freely for 8 weeks after surgery,
and bone formation throughout the defects was as-
sessed radiographically every 2 weeks using a novel
radiographic density measurement method that we
have called the bone formation index (BFI). Postmor-
tem radiography and histology were undertaken to
examine new bone within the defects.

MATERIALS AND METHODS
Animal Model

he NZW rabbit model for a nonhealing (critical-

sized) defect of the femur has been previously
established.”>® Based on these studies and our pilot
study, we used the following model: NZW rabbits
with a unilateral femoral osteotomy gap of 1.2 cm
created surgically under general anesthetic and sta-
bilized by a 2.7-mm mandibular reconstruction plate
fixated with three screws on either side of the oste-
otomy site. Three treatment groups (nine rabbits per
group) were compared for quantity of bone forma-
tion by the BFL

Animal Population and Group Allocation

A total of 27 female NZW rabbits (Riemans Fur
Ranches Limited, St. Agatha, Ontario, Canada) were
entered into the study. The weight of all rabbits
ranged from 2.0 to 2.5 kg before surgery (no statisti-
cal differences were seen in the increases in weight
between animals at sacrifice). The animals were
housed in individual cages at the Sunnybrook Health
Science Centre Animal Research Facility and were
cared for in accordance with Canadian Council on
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Animal Care Guidelines. All rabbits underwent a
1-week quarantine period before commencing the
experiment, during which they were screened to ex-
clude acute and chronic medical conditions. All ani-
mals were provided with food (Shur-Gain, St.
Mary’s, Ontario, Canada) and water ad libitum. Ani-
mals that developed any signs of illness or those re-
quiring medication during the holding period were
excluded from the study. An overnight (14-hour)
food and water deprivation period preceded all gen-
eral anesthetic procedures. Rabbits were randomly
assigned to one of three treatment groups: I, II, and
III. Two animals died during surgery, and another
was excluded as a result of infection. These animals
were replaced in the study to maintain the individual
group size (n = 9).

Scaffold Processing

Poly(pL-lactic-co-glycolic acid) scaffolds were pre-
pared as previously described.”® Briefly, glucose
crystals were dispersed in a PLGA 75/25 solution in
dimethylsulfoxide (BDH, Toronto, Ontario, Canada).
The polymer was precipitated, and the glucose crys-
tals were extracted in water from the precipitated
polymer. Scaffolds were dried to constant mass (0.01
mm Hg, 72 hours) before use. The scaffolds were
cylindrical in shape, with a diameter of 1 cm and
length of 1.2 cm. Scaffolds were sterilized using an
argon gas radiofrequency glow discharge plasma
sterilization procedure at 100 W for 4 minutes. Scaf-
folds for cell culture were permeabilized with 70%
ethanol for 10 minutes, washed in a-minimum es-
sential medium (MEM) three times, and then seeded
with cells (see below).

Bone Marrow Harvest

Rabbits from all three groups (n = 27) underwent
bone marrow aspiration from bilateral iliac crests.
Two weeks before the scheduled date for the osteot-
omy and after a 1-week holding period, aspirates
were isolated and cultured as described below. The
rabbits were anesthetized with Ketamine (ketamine
hydrochloride, 50 mg/kg), Rompun (xylazine, 5
mg/kg) and acetylpromazine (0.75 mg/kg) by
means of intramuscular induction and mask inhala-
tion (2%—4% halothane volatilized with O,) for main-
tenance. The iliac crest sites were prepared with 1%
povidone iodine solution, and an 18-gauge spinal
needle was introduced into the dorsal iliac spine. The
trochar was removed from the needle, and a syringe
containing 3 ml heparin solution (1,000 U/ml) was
attached to the hub. A total of 3 ml marrow was
aspirated from each ilium (6 ml per rabbit).
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Culture Technique and Isolation of
Osteoprogenitor Cells

Group III marrow aspirates were diluted with phos-
phate-buffered saline and passed through a 100-um
cell strainer. The resultant suspension was layered
on a Ficoll gradient run at 1,400g to isolate further the
nucleated marrow cells. This cell suspension was
placed into a fully supplemented medium: o-MEM
supplemented with 15% fetal bovine serum, 50
mg/ml ascorbic acid, 10 mM B-glycerophosphate,
100 M dexamethasone, and antibiotics (0.1 mg/ml
penicillin G, 0.05 mg/ml gentamicin, and 0.3 mg/ml
Fungizone).>*3° These primary bone marrow-—
derived cells were seeded on PLGA 75:25 1-cm® cy-
lindrical scaffolds as follows. Cells were maintained
in culture for 6 days with medium changes at days 2
and 5. On day 6, cells were trypsinized (0.01% and 10
mM EDTA in phosphate-buffered saline) and seeded
on separate prewetted scaffolds at a concentration of
7.5 x 10° cells/cm®. The culture medium was
changed at days 10, 12, and 15, and after 15 days,
each of the nine cell-loaded scaffolds was delivered
to the Animal Research Facility at Sunnybrook
Health Science Center for implantation in the Group
III rabbits.

Operative Procedure

All 27 rabbits underwent the following operative
procedure. An induction mixture of Ketamine (keta-
mine hydrochloride, 50 mg/kg), Rompun (xylazine,
5 mg/kg), and acetylpromazine (0.75 mg/kg) was
administered intramuscularly, followed by a main-
tenance inhalational anesthesia of 2% to 4% halo-
thane volatilized with O, and delivered by snout
mask administered by a qualified veterinary techni-
cian.

The lateral left hind limb of each rabbit was
shaved and prepared with antiseptic solution (10%
povidone iodine) and sterile draped with the rabbit
in the right lateral decubitus position. The left femur
was exposed through a lateral longitudinal incision.
The quadriceps muscles were retracted, and the en-
tire femoral diaphysis was exposed. The periosteum
was stripped from the bone using a periosteal eleva-
tor. A 2.7-mm titanium eight-hole linear reconstruc-
tion plate (mandibular, Leibinger) was then applied
to the anterolateral cortex and fixated with six 2.7-
mm diameter bicortical screws, with three on either
side of the proposed osteotomy site. A reciprocating
saw was then used to resect a 1.2-cm long segment of
central diaphysis under saline irrigation. This size of
defect was used, because our preliminary studies
(unpublished) showed that a 1-cm defect, as has been
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reported in the literature, was not a nonunion model.
In all animals operated on, the femoral periosteum
was stripped for a distance of 0.5 cm on either side of
the osteotomy. No marrow extirpation was under-
taken.

The osteotomy site was left unfilled in the nine
control rabbits (Group 1) or filled with the cell-free
PLGA scaffold in nine rabbits (Group II) and cell-
seeded with PLGA scaffolds in a further nine rabbits
(Group III). The incision was closed in two layers,
and the rabbits were returned to a padded crib with
oxygen delivery by mask until spontaneous and pur-
poseful movement was noted.

Radiologic Analysis

Rabbits underwent standardized serial radiography
of the osteotomized femurs immediately after sur-
gery and at 2, 4, 6, and at 8 weeks. All radiographs
were size standardized. To quantify the information
on rate of bone formation available in these serial
radiographs and to eliminate the variation in ra-
diodensity between radiographs, a novel measure of
bone quantity based on radiopaque area and ra-
diodensity within the osteotomy defect was devised.
We call this measure the BFIL. Measurements of ra-
diodensity and area were made using the Chemilm-
ager 5500 Imaging System and photodensity analysis
program (version 2.02; Alpha Innotech Corporation,
San Leandro, CA).

Bone Formation Index

The BFI is defined as:
BFIY = (N=1...n) {IN/IX X AN/Ay}

where BFI, is the BFI in the osteotomy gap area y, y
represents the individual radiopaque regions num-
bered 1,2,3... that are visible in the osteotomy gap, In;
is the average radiodensity of the radiopaque region
“N” within the osteotomy site, I is the average ra-
diodensity of the intercortical (between cortices)
space of the diaphyseal bone adjacent and proximal
to the osteotomy site (chosen to represent the radi-
opaque value of bone unaffected by the presence of
the osteotomy), Ay is the average area of the radi-
opaque region “N” within the osteotomy site, and A,
is the average area of the osteotomy gap measured
from the proximal cortical edge to the distal cortical
edge.

Postmortem Preparation and Analysis

In the eighth postoperative week, the animals were
sedated by intramuscular injection of Rogarsetic (40

mg/kg) and Rompun (5 mg/kg) and euthanized
with an intravenous infusion of 2 ml per 4.5-kg dose
of Euthanyl containing 240 mg pentobarbital per mil-
liliter. After sacrifice, the left femur was harvested
and fixed in 10% buffered formalin.

Fixed bone samples were dehydrated in graded
ethanol and embedded in Osteobed bone-
embedding medium. The specimens were then cut
longitudinally through the middle of the fixation
plate. Each hemiblock so produced was prepared for
microscopic observation. One hemiblock was pol-
ished, stained with van Gieson and Toluidine blue
dyes, and mounted on a glass slide. This section was
photographed to provide the histological images of
the specimens. The other hemiblock was also pol-
ished (to 1 pum diamond paste) and sputter coated
with platinum for examination by backscattered elec-
tron imaging in the scanning electron microscope.
Images of individual fields of view were captured
digitally (about 20 per sample to include the whole
osteotomy site) and digitally combined into mon-
tages to illustrate the whole block face.

Statistical Analysis

ANOVA was used to analyze the effect of treatment
(none versus alone versus loaded with marrow-
derived cells) and time (2 versus 4 versus 6 versus 8
weeks) on the BFI. Tukey’s Studentized range test
was used to compare the BFI between treatment
groups for the four time points.

RESULTS

As mentioned previously, three animals were re-
placed in this study, which ensured the mainte-
nance of the group size (n = 9) for each treatment
group. All animals recovered rapidly and were freely
ambulating after surgery; none experienced me-
chanical failure. Because all animals were killed after
surgery at one time point (8 weeks), the serial radio-
graphs provided the only means of observing the
progress of healing at the operative site, whereas fur-
ther radiographic and histological examination of the
dissected femora was conducted postmortem. Be-
cause restoration of natural locomotor function after
osteotomy would rely on bony union across the op-
erative site, union was assessed postmortem using
both radiographic and histological (light and back-
scattered electron photomicrographs). Thus, for each
animal, union was scored (union = 1, nonunion = 0)
independently by four examiners for each set of data,
where for each examination method, the maximum
union score would be 36 (nine animals per group,
four examiners). The results of these postmortem ex-
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aminations are summarized in Figure 1, where the
maximum union score is normalized to 1 (nonunion
= 0). These results clearly demonstrated that the vi-
sual postmortem assessment score depended on the
type of data being examined, with radiographs pro-
viding generally high scores and light micrography
providing the lowest scores. Given the obvious limi-
tations associated with two-dimensional analyses of
three-dimensional healing (light and electron micros-
copy), we demonstrated that it was possible to prove
union by changing the plane of examination as is
shown in Figure 2. Nevertheless, our results showed
that by the termination of the experimental period (8
weeks), there were no visually evident differences
between union rates in Groups II and III, although
Group I animals (controls) exhibited less union.
Contrary to the postmortem results described
previously, the serial radiographs obtained after sur-
gery and at 2, 4, and 6 weeks revealed obvious visual
differences between experimental groups. We quan-
tified these differences by establishing the BFI mea-
surement as described previously. An example of the
measurement technique is illustrated in Figure 3.
ANOVA revealed an overall significant treatment ef-
fect on the BFI (F = 3.41, P < 0.05) together with an
overall effect of time that demonstrated a significant
increase in BFI for all groups (F = 23.64, P < 0.0001).
Specifically, these analyses demonstrated that there
was no significant difference between the mean BFI
for Groups Il and III (scaffold only [an example of the
scaffold geometry is shown in Figure 4] and scaffold
plus cells, respectively) at 8 weeks, confirming the
visual examination of postmortem data. Neverthe-
less, these means (at 8 weeks) were significantly
greater than in the control group. Indeed, the mean
BFIs for the cell-loaded scaffolds (Group III) were
greater than for the control group at all measured

Summary Unlon Scores

Ecaminaliva Type

Fig1 Summary of union scores assessed by radiographic,
histologic, and backscattered electron imaging forms of ex-
amination.
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time points (2, 4, 6, and 8 weeks). This difference was
significant for the 2- and 8-week radiographs (P <
0.05). The mean BFI for the cell-free scaffold group
(Group II) was greater than for the control group
(Group I, empty defect) at all time points, although
this was only significant at 8 weeks. The quantitative
results of BFI for each treatment group over time are
illustrated in Figure 5.

Qualitative assessment of histologic, radio-
graphic, and backscattered electron images revealed
an unexpected but consistent pattern in the gross
morphology of the newly formed bone, which
seemed to remodel over the survival period, demon-
strating a trend of resorption adjacent to the fixation
plate and bony deposition on the opposing side of
the defect, as shown in Figure 6. In addition, all ani-
mals showed significant quantities of subperiosteal
bone formed on the opposing side of the femur to the
fixation plate. From the serial radiographs, it was
clear that this bone started to form in the distal sub-
periosteal region immediately proximal to the knee
and therefore distant from the osteotomy site. This
bone, which appeared on radiographs as a bony spi-
cule, grew with time to extend outside the osteotomy
site toward the proximal end of the femur and occa-
sionally united with the proximal femoral shaft. This
neocortex formed at a distance of approximately the
width of the natural femur on the side opposing the
fixation plate and was observed in all experimental
groups but not in all rabbits. Both the quantitative
results (BFI) and qualitative assessments (postmor-
tem examination) confirmed that a greater quantity
of bone formed at earlier time points in the scaffold-
containing groups (Il and III), particularly in the cell-
containing group (III).

DiscussiON

In vivo evaluation of the bone formation potential
of tissue-engineered constructs was performed in
three groups of nine animals, where bone formation
in 1) empty defect, 2) scaffold-filled defect, and 3)
cell-loaded scaffold-filled defect was compared. Al-
though most radiographic data and all histological
data were harvested postmortem, the results showed
that there were no significant differences between
the use of the scaffold alone (Group II) and the cell-
seeded scaffolds (Group III). Although both Groups
II and IIT exhibited more union and a statistically
significantly greater volume of bone in defects at 8
weeks compared with control, by this time point,
there was no advantage of employing the cell-
seeding strategy. On the contrary, the serial radio-
graphic evidence clearly showed that the volume of
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Fig 2 (Top) Radiograph of dissected specimen from Group
IIT illustrating the degree of new bone formation both within
and medial (below) to osteotomy site. The fixation plate is
seen above and represents the lateral anatomical aspect. Note
that the neocortex is visible immediately proximal to the knee
(left) and extends proximal to the osteotomy site, which is
almost obliterated by new bone formation. (Middle) Block
face histological view of a hemisectioned specimen from
Group III. Again, the neocortex is clearly seen, but the tra-
becular bone growth within the osteotomy site is also clearly
visible and is being formed on the residue of the implanted
foam, which has been lost during processing for histology
(bone stained red is marked with *). (Bottom) A montage of
backscattered electron images of a hemisection of another
Group IIT specimen. This means of examination provides a
clearer indication of the bone ingrowth into the surgical site.
Bony union is evident in these specimens by each form of
examination.

bone growth in the defect at the earliest postopera-
tive time point examined (2 weeks) was greater in
Group III animals than in either Group II or Group I
animals, indicating an acceleration of healing of the
defect at this early time point. Since the strategy of
use for cell-seeded biodegradable scaffolds in bone
tissue engineering is to allow regeneration of bone
within the wound site, the acceleration of early heal-
ing is an important finding. To more thoroughly ex-
amine these earlier time points would require an ad-
ditional and focused study, however. Indeed,
without cell labeling and proof of functional pheno-
type, we are unable, with this histology-based study,
to unequivocally state that the seeded cells were os-
teogenic or whether their presence provided a stimu-
lus for growth through the release of biologically ac-
tive mediators. Furthermore, the study protocol
using undecalcified ground sections did not allow us
to assess the degree of scaffold resorption.

Our observations were quantitatively based on a
measure of bone formation that we referred to as the
BFI. Other methods of bone quantification have been
reported in the literature, although each has the po-
tential for misinterpretation. Although bony union is
the ultimate clinical goal of any nonhealing bone de-
fect, its evaluation in vivo and postmortem is limited
by the restrictions of any two-dimensional analysis,
as shown in our union scores and postmortem his-
tology. By devising the BFI, we have combined the
factors of area and relative radiodensity within a
bone defect to quantify the amount of bone formed
within the area of interest. In this way, we have mini-
mized the potential for “overreading” or “under-
reading” radiographs. If, for instance, two small spic-
ules of bone are superimposed on a radiograph,
suggesting there is bony union when, in fact, there is
not, the effect on the BFI of relatively dense-
appearing bone that results from this superimposi-
tion is reduced because of the small area involved.
Furthermore, the measurement of defect bone vol-
ume (as opposed to bony union alone) has a signifi-
cant role in tissue engineering, in that bone of a sig-
nificant quantity is often needed in the clinical
setting for which this technology is most applicable.
From these results, we conclude that tissue-
engineered bone using a bioresorbable scaffold strat-
egy can yield a significant quantity of bone in a criti-
cal-sized segmental osteotomy in the rabbit femur.
Although the mean BFI for the cell-loaded group was
greater than for the control group at all periods, it
was not found to be significant at 4 and 6 weeks. This
is likely a result of an inadequate sample size for
these groups, because the trend over time clearly
shows the effect of treatment with the scaffold,
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Fig4 A scanning electron micrograph of the poly(lactide-
co-glycolide) 75:25 scaffold.

which was confirmed statistically with ANOVA (P <
0.05).

Finally, our results demonstrate that this plated
femoral osteotomy model produced unexpected pat-
terns of healing with a “neocortex” developing on

330

Fig 3 Measurement of bone forma-
tion index (BFI) using a Chemilmager
5500. A femur from the control group
shows a small quantity of bone formed
within the osteotomy gap at 8 weeks.
Regions of measurement of area and
radiopacity are delineated by black
lines. Region Ay is the rectangular
area representing the osteotomy gap
area. Regions Al, A2, and A3 repre-
sent areas of bone within the gap,
within which the average intensity is
measured by the Chemilmager as a
representation of radiopacity (and
hence bone density). Ix is the intensity
within the intracortical space of adja-
cent bone, which is used to calculate a
relative radiopacity for the regions
within the gap.

,1 ol
| L

i

Time in Weeks

B control
Efoam alons
Ofoam +calls

BFI

Fig 5 Bone formation index for all treatment groups over
time. Means are significantly different at 2 and 8 weeks.

the femoral side opposite to the fixation plate and
resorption below the plate. The latter was seen to
varying degrees in each treatment group and sug-
gests the presence of stress shielding as a result of the
plate, which may have ultimately affected the quan-
titative results. The development of a neocortex is
more problematic, because it confounds union scores
in this model. This exuberant new bone formation
appeared initially as subperiosteal bone distal to the
defect but grew parallel to the defect even though the
periosteum had been stripped to a distance of 0.5 cm
both proximal and distal to the defect. We believe
that this was a tissue reaction to the changes in bio-
mechanical environment wrought by the plated os-
teotomy site and that it has not been previously re-
ported but would, in part, explain why others prefer
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non-weight-bearing long bones such as the fibular or
radius for investigations of healing in nonunion de-
fects. This complication does not distract from the
comparative differences seen between our three ani-
mal groups, however. Our results demonstrate that
accelerated early healing of critical-sized segmental
osteotomies in the rabbit femur can be achieved by
combining autologous marrow cells with a novel
macroporous biodegradable PLGA scaffold possess-
ing an interconnecting macroporosity.

Further investigation is ongoing to confirm the
efficacy of this cell-seeded scaffold technology as a
means of engineering bone growth in the clinical set-
ting.
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