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Abstract

Bone transplantation as a mean to reduce the fracture healing time in large defects was attempted for the first time more than 300 years
ago, with nowadays several techniques and methods of assessment of its efficacy. The bone graft was longtime thought as initiating the
osteogenesis from the recipient, but new data show that cells from the graft contribute to osteogenesis and to its incorporation into newly
formed bone. There is no accurate assessment of the microdensity of bone graft cells in evolution so far, the only studies published recently
referring to newly formed bone area. We have performed bone transplantation on seven dogs and have analyzed the microdensity and the
morphometric features of bone graft cells. We have found that the cellular microdensity increases both in the graft and in the recipient
bone, simultaneously with a decrease of cell size and circularity during maturation.
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= Introduction

Bone transplantation as a mean to reduce the healing
time or to restore functionality in fractures with large
defects has been first attempted in 1668 by Job Janszoon
van Meekeren, a Dutch surgeon [1], and ever since was
performed using a variety of techniques and sources for
bone tissue, ranging from iliac crest autotransplants to
different in vitro synthesized replacement for bone tissue
[2], augmented nowadays by the availability of highly
purified growth factors and cytokines which stimulate
bone formation and contribute to rapid fracture healing.

Depending on the pathology and on the size of the
defect, several types of bone transplants may be used,
from local vascularized pedicle bone grafts in conditions
associated with avascular necrosis [3, 4] or in post-tumor
resection with large musculoskeletal defects [5, 6] to
grafts with angiogenesis and osteogenesis stimulated by
cytokines (VEGF and FGF-2) [7], impacted spongy
bone autotransplants [8, 9] or even synthetic materials
followed by cancellous bone implants stimulated by
growth factors and cytokines [10].

The ability of bone marrow and periosteum to induce
bone formation is well documented, but the osteocytes
from cancellous bone autotransplants were supposed to
undergo apoptosis, while leaving it only as a scaffold
for newly formed bone from periosteum or bone
marrow. This theory has recently been contradicted by

Komiyama H et al, who showed that bone cells from
GFP transgenic rats are able to migrate and populate
the recipient site and also to differentiate into HSP47-
positive macrophages [11].

Apart from this model, several methods have been
used to assess the ability of the bone graft to incorporate
in the recipient site and to stimulate the formation of new
bone between them. Most of the studies use different
radiographic scores or computer tomography to evaluate
the efficiency of the bone grafting [12—14], while the
assessment using scanning electron microscopy [15] or
histological analysis is rarer. There are only two studies
published so far that use computer-aided morphometric
analysis of the bone formation in different experimental
settings, measuring the area of newly formed bone
[16, 17].

To the best of our knowledge, this is the first study
that uses computer-aided morphometric analysis to
quantify the cellular density and shape during
experimental bone transplantation.

& Materials and Methods

After obtaining the approval of the Ethical Board
of the Faculty of Veterinary Medicine, University of
Veterinary Medicine and Agricultural Sciences, Timisoara,
Romania, seven dogs were performed autologous iliac
crest bone transplants to the lower third of the femoral
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shaft under general anesthesia with 20 mg/kg body
weight Inactin completed with analgesia (Morphine
0.2 g/kg body weight). The grafts contained periosteum,
compact bone, cancellous bone and bone marrow and
were fixed to the receptor site previously prepared by
excision of bone tissue with screws. After completion of
surgery, the limbs were immobilized until we have
sacrificed the animals.

The sampling of the specimens for histological
diagnosis was performed at intervals of 7, 14, 21, 45, 60
days to 6—8 months. They were fixed in 10% buffered
formalin, followed by decalcification and usual primary
preparation. For the histological study, we used the
method of decalcification with trichloroacetic acid in
concentrations of 5% and 10%.

The usual primary preparation consisted in embedding
in paraffin and sectioning the decalcified samples at 5 pm
thickness. After sectioning, the slides were dewaxed and
rehydrated, then stained with Hematoxylin—Eosin as
well as Masson’s trichrome method for the evaluation of
the cells and bone matrix.

Low magnification images were obtained using a
Nikon Eclipse 180 microscope equipped with a Nikon
DS-U2 CCD camera. The morphometric analysis was
performed with ImageJ software. Basically, the color
images were transformed in black and white, than an
intensity and diameter threshold was applied semi-
automatically, using bony areas as regions of interest
and then counting and measuring the cells in the bone
matrix lacunae, in both the transplanted tissue and the
receptor, after calibration of the image. We have then
compared the density of the cells and their morphometric
features in evolution, at seven days and 60 days after the
transplant.

Statistical analysis was performed on exported data
using Microsoft Excel 2007 from the Microsoft Office
bundle.

& Results

Histological evolution of the transplanted bone

Representative images of the transplanted bone-receptor
complex can be seen in Figures 1 and 2.

o

Figure 1 — Macroscopic image of the entire bone with
the transplanted bone-receptor complex at 25 days after
the transplant.

We have noticed the presence of the transplanted bone
on sections from all experience animals, predominantly
as spongy bone, with trabeculae of different shapes and
sizes, surrounded by hyperplastic periosteum that fills
the space between it and the receptor bed almost
completely.

Dilated blood vessels were also noticed on
histology, although not significant in all of the cases.

The lacunae in the transplanted bone tissue, as well
as in the receptor bed, were dilated, with osteocytes
present and increased in number, with an apparent
higher density in the transplanted fragment.

Morphometric analysis

Two representative binary images along with their
Masson’s trichrome stained counterparts are presented
in Figures 3—6, respectively. In all images, the graft is in
the upper part, while the receptor bed is in the lower
part of the image.

The morphometric parameters measured, were, apart
from the number of bone cells, their circularity, their
area and their perimeter.

The microdensity of bone cells in the transplanted
tissue and in the receptor bed, in immediate vicinity of
the graft, has increased approximately three fold during
the evolution of the bone formation process, between
seven days and 60 days after transplant.

The average microdensity of bone cells per section
was 1107.5+£92.63099 at seven days, while at 60 days
the cellular density was 3357.6+£273.6503. The difference
was statistically significant (p=0.036178 in paired #-test).

The values of the areas occupied by the cells followed
an inverse trend, with a decrease from 36.68554604+
22.29280038 pm’, to 27.68149389+8.932180137 um’,
at seven days and at 60 days, respectively (p=0.83), not
statistically relevant.

The average circularity of the cells, measured as the
ratio between the biggest and the smallest diameter,
was 0.798380944 in the seven days after the transplant,
and 0.35850727 in the 60 days after the transplant,
respectively, which is consistent with the maturation of
the cells and therefore changing in their shape.

Figure 2 — Macroscopic image of the transplanted bone-
receptor complex at 25 days after the transplant. Side
view.
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Figure 3 — Binary image of the graft (upper left) and the
receptor bed (lower right) at seven days of evolution,
40x.

Figure 5 — Binary edited image of a late evolution of
the transplanted bone tissue. New bone formation is
identified in the middle of the image, bridging the
transplant to the receptor bed, 40x.

= Discussion

The purpose of this study was to perform the
morphometric characterization of transplanted bone
cells and receptor bed in experimental conditions.

The former theories postulated the resorption of the
bone transplants, which, according to Duriez J [18],
serve only as a scaffold for the formation of new bone
from periosteum and from the receptor bed. In our
experiments on dogs where we performed autograft, the
presence of preserved periosteum is certainly an asset
for the early healing and accelerated bone formation, as
the stem cells present in its internal layer undergo mitosis
and differentiation into osteoblast and begin to synthesize
bone matrix, thus contributing to the generation of new
bone bridges between the graft and the receptor.

The homotransplants are not always suitable for this
use because of local inflammation, which may appear even
in aseptic conditions. A balance between pro-inflammatory
cytokines that contribute to the integration of the graft
into the receptor and to the remodeling of the newly
formed immature bone tissue and anti-inflammatory
ones that decrease inflammation in later stages thus
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Figure 4 — Masson’s trichrome stained slide of bone
graft and receptor bed. The hyperplastic periosteum of

Figure 6 — Late stage evolution of the graft and the
receptor bed. There is active bone formation from the
graft. Masson’s trichrome staining, 40%.

maintaining the new bone and preventing its lysis is
difficult to obtain in practice. Allografts may be an
alternative, especially when using frozen bone tissue
[19]. Although the authors of the study showing the
migration and differentiation ability [11] did not
calculate the micro-density of GFP-positive bone cells
from the transplant and its evolution in time, our
findings support their conclusions on the fate of bone
graft cells. The micro-density of bone cells in the
transplanted tissue and in the receptor bed, in immediate
vicinity of the graft, has increased approximately three
fold during the evolution of the bone formation process,
between seven days and 60 days after transplant, which
is statistically significant. There are mainly two ways of
the assessment of the integration of the bone transplants
into the host tissue: the measurement of the area of new
bone matrix along with the histochemical demonstration
of immature collagen and early mineralization, or the
study of the cell fate during transplantation. We have not
assessed the area of bone formation, as did other authors
[16, 17] as this was not the purpose of our study; however,
at 60 days, there was extensive bone formation and




398

H. P. Petrescu et al.

integration of the transplanted tissue, both macroscopically
and microscopically. A recent study has used computer-
assisted morphometry the highlight the different percentages
of the areas occupied by bone matrix in representative
images from biopsies of the femoral head of patients
with necrosis of the femoral head and different risk
factors and found no statistical difference between the
groups of patients [20]. This approach of measuring the
area of newly formed bone is suitable in later stages,
although it would be impossible to precisely identify
each components contribution to the bone formation.
The assessment of the histopathological aspect of the
bone transplant interface with the host is more useful in
early stages of the bone integration as it can show the
aspects of the cells from both components. The hyper-
trophic osteoblasts can be noticed even in the areas of
inflammation and necrosis, as a recent published study
shows [21]. The proliferation index of the bone cells in
the bone lacunae as determined by Ki-67 immunohisto-
chemistry may be a useful approach to demonstrate their
involvement in new bone formation, as well as the gene
and protein expression of matrix organic components,
such as collagen 1. Their morphometric aspect is also
highly suggestive for their activation, as upon dividing
and maturation their microdensity increases, and they
become hypertrophic and change their shape and their
circularity, as we have found out in our study.

& Conclusions

All of the experience animals that we have examined
had viable and active transplanted bone structures. Both
the osteocytes and the hyperplastic periosteum of the
graft contribute to osteogenesis and to the integration of
the graft into the receptor bone. The microdensity of
bone cells in the graft increased significantly during the
healing of the experimental fracture. The morphometric
parameters of the bone cells from the graft were
consistent with shape changing of those cells during
maturation.
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