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The healing of the bone defect by the application
of the free transplant of the greater omentum
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Abstract
In our investigation the process of the bone healing was observed. As the model the femoral bone of the New Zealand rabbit was used. The identical bone defect was created on the left and the right femur of the each experimental animal. On the right side the defect was covered with the fitting muscle tissue and with the free transplant of the greater omentum on the left side. The healing of the defect was observed by the x-ray and histological examination. The results of the investigations showed that the process of the callus formation and its mineralisation are much quicker and thicker on the defect that was covered with the free transplant of the greater omentum.
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Introduction
The disturbances in the healing of the fractures occur more often when the circulation is severe damaged by trauma (FROST, 1989a; HULTH, 1989; McKIBBIN, 1978). Hereford the necrobiotical changes in the bone tissue and the fitting structures are caused by the lack of the circulation (FROST, 1989a). In this process the part of the osteogenic cells, which are necessary for the reparatory process also, perish (EINHORN, 1995). 
The sources for the osteogenic cells are:
1	the determinate bone cells that are precursors to the periost, endost and the bone medulla and which produce the bone tissue without previous stimulation (DIAZ-FLORES et al., 1992).
2	the inductible bone cells precursors which main part is made from the unidentified mezenchim cells of the fitting muscle tissue and their cover. Those cells under the influence of the local growth factors and the mechanical factors metaplasticly change in to the osteogenic cells, which afterwards participate in the bone tissue construction (BAX et al., 1999; BOSTORM, 1998; FROST, 1989b; REDDI, 1998; ROSS et al., 1986; SCHMITT et al., 1999; TRIPPEL et al., 1996; TASHIJAN et al., 1985). 
For the healing of such fractures the method was needed which could improve the circulation of the bone tissue and increase the quantity of the osteogenic cells in the fracture zone. In this purpose, numerous methods are used in practical clinical work and most certainly  is application of bone morphogenetic protein and homologous bone transplant one of most qualitaty methods for healing of complicated fractures.(VUKICEVIC et.al. 1995., PECINA et al.,2001., DJAPIĆ et al., 2003.). But in our work we decided that the free omentum graft could be  more suitable because of the following qualities:
1	its vitality (HOSGOOD, 1990)
2	its capability of the spontaneous formation of the anasthomosys and revascularisation with the tissues it contacts (KARASAWA et al., 1993; MASUMORI et al., 1992; PIAFARRE and HUFNAFEL, 1968; VINEBERG et al., 1968)
3	its high content of the mesenchimal cells with metaplastic capacity (KARASCH, 1975)
4	its content of the cells that have the fagocitosis possibility and its very feasibility for the immunological reactions (KARASCH, 1975; HODEL, 1970; MESTNER at al., 1996).
The goal of our investigation was to estimate the possibilities for the application of the free transplant of the greater omentum in the bone defect healing process improvement.

Materials and methods
In this work the six-month old male New Zealand rabbits (Institute of Immunology, Zagreb, Croatia) of the 1.9 – 2.5 kg of bodyweight (an average of 2.1kg) were used. The 36 experimental animals were divided in to the 6 groups of the 6 animals according to the forwardly planned sacryfiction pattern. The experiment was performed in the 3 phases:
1	the operation 
2	the x-ray examination
3	the histological examination
The operation: the experimental animals were inducted in the general anesthesia by usage of ketamine (Narketan, Vetoquinol, Germany) in the doses of the 30 mg/kg of bodyweight IM. After that the 3 operations were performed on the each animal.
First the medial laparotomy was done and tissue of the greater omentum was explained in the size of 5 x 2 cm. After the closure of the laparotomic wound the left femoral bone was explorated and the bone defect was done in the middle section of the diaphisis. The defect was performed in the lateral cortex with the drill of the 3.2 mm in diameter and the hole was made to the medullar channel (Fig. 1). The defect was covered with the free transplant of the greater omentum and stitched to the fitting muscles by the Vycril 4-0 (Ethicom LtD, Belgium) after the closure of the operation wound on the left leg the procedure was repeated on the right leg (Fig. 2). The only difference was that fitting muscle tissue covered the second defect.
The experimental animals were sacryfied under the previously determined pattern on the 7th, 14th, 21st, 28th, 35th and 42nd day after the operation. After the euthanasia was done both the femoral bones were prepared for the x-ray and the histological examinations.
All the femoral bones were radiologically observed with the x-ray device using the films for the mammography.
The parts of the femoral bones with the defect were firstly decalcified, than incorporated in the paraffin and cut in the 5-micrometer slices. They were colored by hematoxilin-eosin method.
All procedures were performed according the European document about keeping and handling the laboratory animals (86/609/EEC) (GREEVE et al., 1993).

Results
The visual evaluation of the radiographs.
In the 1st group of the animals sacryfied on the 7th day after the operation there were not observed differences on the radiographs of the left and of the right femoral bones.
On the 14th day the shadows of the paraosal mineralisation could be seen on the both femoral bones. On the right bone those shadows were close to the bone defect but on the left bone those shadows cowered circumflectly the whole diaphisal area in the width of the 2-3 cm including the bone defect. (Fig. 3 and 4)
On the 21st day the x-ray findings are similar to those of the 14th day. (Fig. 5 and 6)
On the 28th day on the right bone the shadow of the paraosal mineralisation is mostly gone and on the left bone was increased of the volume but higher intensity. (Fig. 7 and 8)
On the 35th day on the both bones the regression of the paraosal mineralisation could be noticed but periostal thickening of the diaphisis of the femoral bones could be easily observed on the places of the contact with the free transplant of the greater omentum.
On the 42nd day the x-ray findings of the both femoral bones were similar to those taken on the 35th day. (Fig. 9 and 10)

The histological findings
On the histological specimens the most noticeable differences were on the groups of the animals sacryfied on the 7th, 14th, 21st, 28th, 35th and 42nd day after operation.
On the 7th day on the specimen from the right femoral bone the fibroblastic proliferation is clearly noticeable while on the left femoral bone specimen the incalcination zone is visible besides the strongly expressed fibroblastic proliferation. (Fig. 11 and 12)
On the 14th day on the right specimen the osteoid is observed in the fibroblastic proliferation zone while on the left femoral bone specimen the formation of the immature bone tissue could be noticed. (Fig. 13 and 14)
On the 21st day on the right specimen mineralisation of osteoid was observed, on left specimen is a stronger and wider spread of formation of the immature bone tissue (wool bone). (Fig. 15 and 16)
On the 28th day on the specimens from the both femoral bones the formation of the immature bone tissue could be confirmed, although the tissue from the left femoral bone is wider spread and stronger in its mineralisation.
On the 35th day the findings are very similar as that one on 28th post operational day.
On the 42nd day the immature bone tissue callus was formed in the zone of the defect on the specimen of the right femoral bone while on the zone of the defect of the left femoral bones the mature bone tissue was formed. (Fig.17 and 18)

Discussion
In this research the healing of the bone defect was parallely observed. The defects were made on the both femoral bones of the 36 New Zealand rabbits. The fitting muscle tissue covered the defection the right femoral bone and the defect on the left femoral bone was covered with the free transplant of the greater omentum.
Our presumptions that the free transplant of the greater omentum implanted on the ectopic place between the muscle tissue and the bone will keep its vitality and result by forming of the anasthomosys between the muscle and the defected bone tissue became valid. The angyogenesis and revascularisation were provoked and the undifferenced mesenchimal cells were under the influence of the local growth factors metaplastically changed in the osteogenic cells. Thus the absolute number of the osteogenic cells in the zone of the bone defect increased. The radiological and histological examination of the bone defect area was performed 7th, 14th, 21st, 28th, 35th and the 42nd day after the operation.
On the radiological findings the visually significant difference was observed in the quantity of the callus and the intensity of the mineralisation in the groups of the experimental animals elaborated on the 14th, 21st, 28th, 35th and the 42nd post operational day. In all the groups the quantity of the callus formation and the intensity of its mineralisation were stronger distincted on the specimens where the bone defect was covered with the free transplant of the greater omentum. Also, those specimens had histologically noticeable earlier formation of the bone tissue that fulfilled the bone defects.
On the 42nd post operational day the bone defects covered with the free transplant of the greater omentum were fulfilled with the mature bone tissue callus while those covered with the fitting muscle tissue were shanted with immature bone tissue callus.
The influence of the mechanical factors was suppressed to the minimum because drilling only the cortex of the one side created the bone defect. The periostal callus which circumferently covered the diaphisis of the femoral bone which defect was covered by the free transplant of the greater omentum proved that the bone healing process was more faster and more effectively that one of the control group.
All that was quoted could lead in to the conclusion that the greater omentum tissue has well-developed osteogenic potential. This potential could find some implications in human medicine.
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Figure 1. Scheme of trepanation of femoral bone.

Figure 2. Scheme of covering the femoral bone defect with omentum.

Figure 3. Radiograph of left femoral bone on the 14th post operational day.

Figure 4. Radiograph of right femoral bone on the 14th post operational day.

Figure 5. Radiograph of right femoral bone on the 21st post operational day.

Figure 6. Radiograph of left femoral bone on the 21st post operational day.

Figure 7. Radiograph of right femoral bone on the 28th post operational day.

Figure 8. Radiograph of left femoral bone on the 28th post operational day.

Figure 9. Radiograph of right femoral bone on the 42nd post operational day.

Figure 10. Radiograph of left femoral bone on the 42nd post operational day.

Figure 11. The fibroblastic proliferations on the right femoral bone on the 7th post operational day. HE. Original magnification x 250; scale bar=20μm

Figure 12. The fibroblastic proliferation on the left femoral bone with incalcification on the 7th post operational day. HE. Original magnification x 125; scale bar=40μm.

Figure 13. The fibroblastic proliferation zone with osteoid on the right femoral bone on the 14th post operational day. HE. Original magnification x 125;scale bar=40μm

Figure 14. The immature bone tissue on the left femoral bone on the 14th post operational day. HE. Original magnification x 75; scale bar=75μm

Figure 15. Mineralisations of the osteoid on the right femoral bone on the 21st post operational day. HE. Original magnification x 75 ; scale bar=75μm

Figure 16. The strong and wide formations of the immature bone tissue (wool bone) on the left femoral bone on the 21st post operational day. HE. Original magnification x 125 ; scale bar=40μm

Figure 17. The immature bone tissue callus on the right femoral bone on the 42nd post operational day. HE. Original magnification x 125 ; scale bar=40μm

Figure 18. The immature bone tissue on the left femoral bone on the 42nd post operational day. HE. Original magnification x 250 ; scale bar=20μm


CIJELJENJE KOŠTANOG DEFEKTA APLIKACIJOM SLOBODNOG TRANSPLANTATA VELIKOG OMENTUMA

SAŽETAK
U istraživanju su promatrani procesi cijeljenja koštanih oštećenja na bedrenim kostima novozelandskih kunića.Kod svake eksperimentalne životinje kreiran je po jedan istovjetan koštani defekt na desnoj i lijevoj bedrenoj kosti. Desno je defekt nakon njegova nastanka prekriven priležećom muskulaturom, a lijevo slobodnim transplantatom velikog omentuma.Procesi cijeljenja koštanih defekata praćeni su uz pomoć rendgenoloških i histoloških pretraga.Rezultati istraživanja pokazuju da su procesi stvaranja kalusa i njegova mineralizacija brži i većeg obima u području koštanih defekata prekrivenih slobodnim transplantatom velikog omentuma u odnosu na koštane defekte prekrivene priležećom muskulaturom.
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