INVITED REVIEW ARTICLE

Nagoya J. Med. Sci. 72. 111 ~ 117, 2010

TISSUE-ENGINEERING BONE FROM OMENTUM
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ABSTRACT

Tissue engineering of bone is an interesting field of research. Many approaches to bone tissue
engineering such as from bone marrow stromal cells in vitro have been reported. Furthermore, a model
of vascularized tissue-engineered bone flap has been reported. However, there has been no report of bone
tissue engineering using omentum. We present a study of tissue engineering of bone from omentum in a
rabbit model. The omentum, which was elevated based on the right gastroepiploic vessels, was wrapped
by the periosteum from cranial bone in the abdomen of rabbits. We harvested the omentum thus wrapped
1, 2, 4, 6, 8, 12, or 24 weeks after surgery. Within 1 week after surgery, woven bone was formed and
clusters of osteoblasts were observed. At 8 weeks, medullization, including the presence of granulocytes,
was confirmed. This technique might prove useful for creating tissue-engineered bone flaps for reconstruc-
tive surgery.
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INTRODUCTION

Vascularized bone transfers using microsurgical techniques have become a common reconstruc-
tion technique for correcting osseous defects. However, such a procedure is limited by donor
site availability and the required shaping of the bone. Tissue engineering of bone, which would
be useful in such cases is mainly used in two different ways. One procedure is to regenerate
bone by injecting bone marrow-derived stem cells into the defective site." The other procedure
is to transplant bone to that site using a bone graft previously prepared for it as a so-called
prefabricated flap.®” In reconstructive surgery for cancer, since the periosteum does not usually
remain at the bone defect site, it is difficult to regenerate bone using the former procedure. In
addition, defects of bone alone rarely occur, and most cases of bone defects also require the
filling of soft tissues.®'?

Higher flexibility of the greater omentum is useful for reconstructive surgery as it facilitates
not only filling of the site of infections such as myelitis, but also filling of complicated defects
of soft tissues.”*'> If a bone graft can be regenerated from the highly flexible greater omentum,
it would allow reconstructing the bone defect site and filling soft tissues. We present a study
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Fig. 1 The omentum was wrapped by the periosteum from cranial bone in the abdomen. Arrow indicates the
periosteum from cranial bone.

establishing a unique in vivo model in rabbits for examining the tissue engineering of bone
using omentum.

MATERIALS AND METHODS

Twenty-one Japanese white rabbits were used in our study. First, the periosteum of the cranial
bone was removed under general anesthesia. The size of the periosteum was 1.5 X 1.5 cm. The
omentum was then elevated based on the right gastroepiploic vessels in an open laparotomy.
The end of the omentum was wrapped by the periosteum of the cranial bone in the abdomen
of each rabbit (Fig. 1). Three omentums wrapped by periosteum were harvested at 1, 2, 4, 6,
8, 12, and 24 weeks after surgery. The harvested specimens were evaluated by radiography and
a histologic examination. The density of the regenerated bone and tail bone was examined by
radiography. One sample was prepared from each animal by excision of the greater omentum
covered with the periosteum at the center. To examine osteoblasts and osteoclasts in fat tissue
of the greater omentum covered with the periosteum, a histological examination was performed
using hematoxylin-eosin and Azan staining. The bone marrow, which is important to the bone
quality, was examined in the samples. Findings obtained from all 3 animals 1, 2, 4, 6, 8, 12,
and 24 weeks after surgery were evaluated.

RESULTS

Macroscopic and radiographic findings

The omentum wrapped by periosteum for up to 2 weeks was soft as a fat, and no bone
was formed macroscopically, as shown by radiography. Four weeks after surgery, the harvested
omentum was as soft as cartilage, though radiography revealed areas with a density similar to
that of bone (Fig. 2). Six weeks after surgery, the harvested omentum was slightly hard (Fig. 3),
and radiography revealed areas with a density similar to that of bone (Fig. 4). At 8, 12 and 24
weeks, the omentum wrapped by periosteum was as hard as bone, while radiography revealed
a density identical to that of bone.
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Fig. 3 Six weeks after surgery, the harvested omentum was slightly hard.

Fig. 4 Radiography revealed areas with a density similar to that of bone 6 weeks after surgery.

Histologic findings

At 1 week, 2-3 pieces of woven bone were formed in all samples, and many clusters of
osteoblasts were observed (Fig. 5). At 2 weeks, 3-5 pieces of woven bone had clearly formed
in all samples, including the formation of cortical bone and haversian canals (Fig. 6). At 4 and
6 weeks, complete cortical bone was observed. There was proliferation of lipoblasts in 2-3
regions of all samples, which differed from omental fat. Canalization, which looked just like
medullization, was observed (Fig. 7). At 8 weeks, a decrease in the number of osteoblasts was
observed in all samples. The hematopoiesis of granulocytes in the canals was observed, and
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Fig. 5 Woven bone was formed and clusters of osteoblasts were observed at 1 week. (OB: osteoblast; OC:
osteoclast)

Fig. 7 Complete cortical bone is observed. Note proliferation of lipoblasts, which are different from omental
fat. Arrow indicates lipoblasts.

the medullization was complete (Fig. 8). At 12 weeks, a disorder of the bone lamination was
observed, and the number of osteocytes was reduced in all samples. At 24 weeks, bone resorption
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Fig. 9 Bone lamination disorder is observed and the number of osteocytes is reduced. Pimelosis of the bone
is occurring (arrows); bone marrow has decreased and has no function.

occurred and bone marrow regressed showing no function (Fig. 9).

DISCUSSION

Many studies of bone regeneration from bone marrow-derived stem cells have been reported
in recent years.">1%19 Furthermore, a model of a vascularized tissue-engineered bone flap has
been reported.*” However, there has been no report of bone tissue engineering using omentum.
From rabbit omentum we successfully regenerated bone that had both osteoblasts and osteoclasts.
Furthermore, at 6 weeks there was a proliferation of lipoblasts, which were different from omental
fat. This was consistent with the early stages of bone marrow formation and medullization, which
included differentiated granulocytes, was confirmed at 8 weeks. There may be three origins of this
regenerated bone. One is direct regeneration from the omentum, the second is regeneration from
the periosteum due to stimulation by the omentum, and the third is regeneration by transmission
from the bone marrow through signaling. Although our experiment did not determine the exact
mechanism, the regeneration of bone marrow was confirmed. Such regenerated bone marrow may
have a hematopoietic function, since it contained blood cell components. To demonstrate this, it
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is necessary to confirm the presence of hematopoietic stem cells. Since the purpose of this study
was to examine whether bone regeneration from the greater omentum was possible, statistical
analysis and analysis by immunostaining will be required in the future. However, with regard to
the establishment of an experimental model of bone regeneration from the greater omentum, this
method is useful because of the simplicity of its model production and the absence of tissues
involved in bone regeneration in the abdominal cavity. The regeneration of bone marrow started
4-6 weeks after surgery, and both the formation of bone marrow and the completion of bone
regeneration were observed 8 weeks after surgery. Bone regeneration has a major influence on
vascularization,>?? while the omentum has abundant vessels and a high potential for angiogen-
esis.?*?» Omentum, therefore, has characteristics suitable for bone regeneration.

In our study, the formation of periosteum around regenerated bone was observed at 8 weeks,
and bone resorption occurred after 12 weeks, because such regenerated bone was not subjected
to a pressure load. The stimulation of bone remodeling is defined as a continuous stress or
tension on bone, such as signals inducing bone tissue absorption, regeneration, maintenance,
and mechanical loading. Although it has yet to be confirmed what biological stimulation is
useful for bone remodeling, speculations include mechanical stimulation such as tension,*®
stress,?” tension energy, tension change rate,”® and microdamage.?” We consider that such bone
regenerated from the greater omentum requires a pressure load for remodeling, though it is not
useful for reconstructive surgery at the present time. However, this bone can be regenerated
without any growth factors or medications, and the method used to regenerate it is very easy
and uncomplicated. We consider that bone regeneration using omentum may prove an attractive
option in regenerative medicine for the reconstruction of bone defects.
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