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ABSTRACT
Ten mature rabbits was used in this study. The animals were divided into
two equal groups. Femoral mid—shaft fractures were induced, and destruction of
both periosteum and endosteum for about one centimeter around the fractured
ends was performed. The fractured bone was immobilized by intramedullary
pinning. Group 1 considered as control, while group 2 was implanted by sufficient
amount of auto—bone marrow at the fracture site. The radiographic results
revealed that, the destruction of both periosteum and endosteum leads to
delayunion and some percentage of nonunion. While the bone marrow in group
two promoted and enhanced the fracture healing.
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INTRODUCTION
Periosteum, endosteum and bone marrow next to the fracture focus
provide cells that proliferate and differentiate in fibrous tissue, fibrocartilaginous
and hyaline cartilage, all of them part of new bone formation (1, 2).
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Quantitatively, the periosteum contributes more than bone marrow in
healing in destruction (3, 4). The interaction between periosteum and bone
marrow is significant (5, 6). The endosteum is a layer in the reticular connective
tissue that lines the medullary cavity. Its pleuripotent cells sub serve both
haematopoisis and osteogenesis (7). The periosteum together with endosteum acts
as a limiting membrane of bone, controlling the ingress and egress of ions (8).
Destruction of both periosteum and bone marrow result in absence of bone
formation around the destructed area (9). Osteogenic precursor cells are stem cells
derived from mesenchyme and have the potential to undergo mitosis and
differentiation into mature cells (10). These cells are present in deep periosteal
layer and in the endosteal layer, which lines the internal medullary surface (11).

Bone marrow contains many cellular elements that may contribute to
fracture repair (6, 12). Bone marrow has been show to contain a population of rare
mesenchymal stem cells that are capable of forming, bone, cartilage, and other
connective tissue (13, 14). Bone marrow when placed in a fresh femoral defect
and given in sufficient amounts, produced a rate of union comparable with that of
autologus bone graft (15, 16). The object of this study was to investigate the
ability of bone marrow for enhancing of fracture healing with destruction of both
periosteum and endosteum.

MATERIALS AND METHODS
Ten mature rabbits from local breed weighting between 1.5—1.75 kg were
used in this study. The animals were kept under the same conditions of housing
and feeding during the experiments. Animals were divided into two main equal
groups.

Group 1 (control group): The femoral bone was exposed and transverse
mid-shaft fracture was induced. About one centimeter of periosteum and
endosteum were destructed from each side of fractured ends.

Group 2 (experimental group): Similar procedure that described in group
one, but in addition to that sufficient amount of bone marrow was injected directly
into the fracture site.

Surgical operations were carried out under general anesthesia using atropine
sulphate 1mg/kg B.W., intramuscularly, ten minutes later a mixture of xylazine
hydrochloride and ketamine hydrochloride was administered intravenously at a
dose 10, 40 mg/kg B.W., respectively. After inducing a transverse fracture in
mid—shaft of femur, one centimeter of periosteum was stripped from each side of
fractured ends by using surgical blade. In addition, one centimeter of endosteum
was destructed from each side of fractured ends by using curved surgical blade.
The fractured bone was immobilized by using intramedullary pinning (2.4¢ x 120
mm Steinmann stainless steel). In group 1, closure of the muscles and
subcutaneous tissue was performed by two rows of simple continuous technique
using catgut No.3-0 and the skin closed by simple interrupted technique using silk
No.1-0. While, in group two, following closure of muscles (as in group one),
sufficient amount of bone marrow which was aspirated from the proximal part of
femur of the other side from the same animal, was injected directly at the
fractured site, then the surgical operation was completed similarly as in group one.
After operation, the animals were injected intramuscularly penicillin—
streptomycin at dose of 10.000 i.u, 10 mg/kg B.W., respectively for four days.
The pins were removed at the end of ninth week in group 1, while at the end of
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seventh week in group 2. The animals were observed daily for recording any
information that related with movement of animals, condition of the fractured leg,
and appearance of prominent callus formation. Radiographical studies of fracture
healing were done weekly with anterioposterior and mediolateral views.

Results

Clinical observations revealed that, the inflammation at the site of
operation appeared in both groups on 2nd days following operation. This
inflammation then subsided on fourth and fifth days after operation. The callus
formation was detected clinically by palpation at the site of fractured bone, which
revealed that, the callus palpated at the end of 3™ week in both groups. However,
the callus in group 2 was larger than group one. During palpation of fractured site,
the movement of fractured ends disappeared at the 6 week in group 2, while in
group 1 disappeared at 8™ week in three animals, but this movement in remaining
two animals was not completely absent until the end of experiment. Therefore
depending on these results, the pins were removed at ninth and seventh week in
group 1 and 2, respectively.

The results of radiographical studies of both groups are summarized in
Table 1.

Table 1: Radiographic findings of the control and treated groups

Week Group 1 (Control) Group 2 (Treated)
There is slight periosteal Theye S s.hght perlosjteal
. . . proliferation at the distance from
1 proliferation at the distance from the .
: . the fracture site. Clear fracture
fracture site. Clear fracture line. line
The periosteum had become more
active than in first week, and form Increased external callus at the
) external callus at the distance of the | distance of the fracture site,
fracture site then begun to migrate which start to migrate to the
into the fracture site. Clear fracture fracture site. Clear fracture line.
line (Fig. 1).
The external callus became more )
. . . The external callus was active
prominent, but still not bridged the . .
3 . 3 : and partially bridged the fracture
fracture site. Clear fracture line (Fig. | . . .
2. site. Clear fracture line (Fig. 3).
Weak external callus bridged the Thick externa! callus that
. . . completely bridged the fracture
5 fracture site. Clear fracture line (Fig. | . ; .
4) site especially from the medial
' side. Fracture line still clear.
External callus appeared thin in spite | External callus similar to fifth
6 of bridging the fracture site. Still week, while the fracture line
clear fracture line. mostly disappeared (Fig. 5).
The external callus was started to
.. ) absorbed. The bone surface has
7 Similar to sixth week. begun to take the normal shape
(Fig 6).
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The external callus still appeared External callus mostly absorbed
9 around the fracture site. Fracture line | and the bone contour taken about
almost not clear (Fig. 7). its normal shape (Fig. 8).

Similar to that observed in ninth Absorption of external callus, and

12 week. The fracture line not clear. the bone.taken nearly its normal
shape (Fig. 9).

Absorption of external callus and the | The bone was taken its normal

16 bone started to take its normal shape. | shape.

The bone was taken nearly its normal

20 shape.

Fig. (1): Radiograph of the femoral bone of rabbit in group 1, two weeks after
operation. Notice the external callus at a distance of the fracture site
then begun to migrate into the fracture site. Clear fracture line.
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Fig. (2): Radiograph of the femoral bone of rabbit in group 1, three weeks after
operation. Notice the external callus, which became more prominent,
but still not bridging the fracture site. Clear fracture line.

Fig. (3): Radiograph of the femoral bone of rabbit in group 2, three weeks after
operation. Notice the external callus became more active and partially
bridging the fracture site. Clear fracture line.
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Fig. (4): Radiograph of the femoral bone of rabbit in group 1, five weeks after
operation. Notice the weak external callus bridging the fracture site.
Clear fracture line.

Fig. (5): Radiograph of the femoral bone of rabbit in group 2, six weeks after
operation. Notice the thick external callus that completely bridged the
fracture site especially from the medial side. The fracture line almost
disappeared.
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Fig. (6): Radiograph of the femoral bone of rabbit in group 2, seven weeks after
operation. Notice the external callus that started to absorbed. The bone
surface has begun to take the normal shape.

Fig. (7): Radiograph of the femoral bone of rabbit in group 1, nine weeks after
operation. Notice that the external callus still appeared around the
fracture site. Fracture line almost not clear.
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Fig. (8): Radiograph of the femoral bone of rabbit in group 2, nine weeks after
operation. Notice the external callus almost absorbed and the bone
contour taken about its normal shape.

Fig. (9): Radiograph of the femoral bone of rabbit in group 2, twelve weeks after
operation. Notice absorption of external callus, and the bone taken nearly
its normal shape.

DISCUSSION

The periosteum, endosteum and bone marrow plays an important role in
the fracture healing. Destruction of periosteum and endosteum lead to absence of
bone formation around the destructed area (9). These observations was confirmed
in our study whereby, the destruction of periosteum and endosteum, ended by
nonunion in two animals of group 1, while the others (three animals) revealed
delayunion. This variation of healing in the same group might be due to the
activity and thickness of external callus produced from the periosteum and
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migrated into the fracture site to connect the fractured ends together. The evidence
of external callus at a distance from the fracture site at the 2" week was observed
in both groups. However, this callus appeared thicker and more active in group 2
than group one. These observations may be attributed to the role of bone marrow
as a source of osteogenic cells, which agree with other workers (12, 17, 18, 9),
whom said that, the bone marrow contains many cellular elements which may
contributes to fracture repair.

The radiographical findings indicated that healing at the fracture site was
observed in the seventh week in group 2. While, three animals of group one
reached to the same stage of healing as in group two, at about the ninth week.
These phenomena indicated that, there is a relationship between osteogenesis,
periosteum, endosteum and bone marrow. These results coincides with other
authors findings (1, 2). In group 2, the bone was taken about its normal shape at
the twelfth week, while the bone in three animals of group one was taken at
sixteenth week. This might be due to injection of fresh bone marrow at the
fracture site which enhanced the steps of healing process and increased the rate of
remodeling, and that was confirm by others (11, 19, 20), whom said that, bone
marrow when placed in a fresh bone defects produces a rate of union.

In conclusion, the study indicated that, the periosteum and endosteum plays
an important role in fracture healing. Destruction of both resulted in delayunion
and nonunion in some cases, which depended on early, thick external callus
formation to bridge the fractured ends. Implantation of sufficient amounts of bone
marrow at the fracture site after destruction of periosteum and endosteum may be
helped in the enhancement of fracture healing.
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