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ABSTRACT

Background

Objective

Conclusions

: Freeze dried bone graft provide mechanical support and osteoconduction'

With the development of preparation of freeze dried bone graft (Bone tablet)

for clinical use concerns have been raised as to the osteoconductive properties

of such preparations. Several recent studies investigating the histologic

appearance of freeze dried bone grafts have questioned their healing processes'

: to assess the healing processes of bone tablet graft in rat femurs.

Materials and Methods : l0 Sprague-dawley rats were performed osteotomy at Rt' femurs and

Result

left the defect heal spontaneously. Lt femurs were performed osteotomy and

bone graft implantation. The rats were sacrificed at 5 weeks and l0 weeks

postoperatively period. Both thighs and fractures included bone grafts were

sent for histological examination.

: At 5 weeks Rt. femurs (control side) showed periosteal reaction and area of

bone healing. Lt. femurs showed fibroblast and multinucleated giant cell

around bone graft. No area of bone graft incorporated with host bone was

demonstrated. Normal healing of thigh muscle was demonstrated. At l0

weeks. Rt. femurs (Control side) showed new bone formation. Lt. femurs

showed new bone formation and bone graft were encapsulated by dense

connective tissue. Freeze dried bone graft did not incorporate with host bone'

Bone tablet freeze dried bone graft showed foreign body reaction and were

not incorporated with host bone. Minimal tissue reaction can be demon-

strated. This study can not show complete healing processes of bone graft

due to short postoperative period. The healing processes of this bone graft

need more studies and more times for conclusions and clinical advantages.
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FREEZE-DRIED bone is obtained

from cortical or cancellous bone or a com-

bination of the two. The bone maY be

prepared as chips, strips, a block, or as a

massive bone graft before freeze-drying.

The material may be procured aseptically

after the death of the donor or during a

surgical operation. It is usual to reconsti-

tute such "aseptic grafts" in an antibiotic

solution before use. Altematively, the graft

may be procured about using an aseptic

technique and sterilization aimed for by

the use of chemicals such as merthiolate

solution, ethylene dioxide, or by the use

of physical means such as heat or high-

energy irradiation.

Experience indicates that the

processs of creeping substitution largely

accounts for the incorporation of bone

autografts and frozen or freeze-dried seg-

mental allografts, but the biomechanical

properties of these materials are compro-

mised by resorption as they remodel.r

The differences in the intensity of resorption

and completeness of incoporation that have

been recorded in the clinic and laboratory

indicate that autograft are superior to

allografts, but that freeze-drying greatly

improves the allografts performance.''''o

Bone tablet is one form of freeze-dried

bone graft from tissue banking of Siriraj

hospital.No studies have characterized the

healing processes of this bone graft. Our

objectives were to: (1) establish a model

of diaphyseal repair such that a large defect

would result, (2) induce osseous repair in

the defect by implantation of freeze-dried

bone graft, and (3) measure the healing

processes of induced bone, relating them

to the histological characteristics of the

repair process.

Materials and Methods

This freeze-dried bone graft was

prepared from human frozen bones at 4oC

such as head of femur, iliac crest, femo-

ral condyes etc.are trimmed and cut into

different sizes and shapes. The bone chips

are repeatedly washed 3 times with double

bio-filtered water using an ultrasonic

washing machine to remove bone mar-

row and fat. The bone chiPs are sub-

merged in hydrogen peroxide to clean the

bone and remove red blood cells.

Bonegrafts are submerged for 2 hours in

0.57o sodium hypochlorite solution to in

activate HIV and HBV. The bone grafts

are then placed in drying chamber of

freeze-drying machine,which is pre-cooled

to -50oC, a vacuum of l0-2 mbar is

appllied. It takes about 72 hrs for complete

freeze drying, by which time moisture of

the bone is not more than S%o.The size of

bone graft is 1.2x0.7x0.4 cm. Weight is

asO nig.(Fig1)



A group of 10 (250-350 gm) male

Sprague-Dawley rats were followed for

five weeks and ten weeks.(Fig2) l0
Sprague-Dawley rats were performed

osteotomy at Rt. femur and left the

defect heal spontaneously. Lt. femur was

Fig.l.Z bone graft

performed osteotomy and bone graft

implantation. The size of defect is 0.6

cm. The rats were sacrificed at 5 weeks

and 10 weeks postoperatively period. Both

thighs and fractures included bone grafts

were sent for histological examination.

All of the animals were obtained from

one source at one time and were maintained

in identical environments. Histological

criterions are creeping substitution,

osteoinduction (cartilage rests within their

vascular channel), only fibrocartilage and

fibrous band.
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Result

At five weeks Rt.femurs (control side)

showed periosteal reaction and area of
bone healing(osteocyte in loose matrix).

Fig.2 Sprague-Dawley rats

Lt.femur showed fibroblast and multinucle-

ated giant cell around bone graft. No area

of peripheral revascularization was dem-

onstrated. Bone graft did not incorporate

with host bone(Fig.3,4,5) At ten weeks

Rt.femur (control side) showed new bone

formation,lamellated bone. Lt. femurs

showed new bone formation and bone

graft were encapsulated by dense con-

nective tissue. Peripheral revascularization

and bone graft incoporation can not be

demonstrated at ten weeks period. And

minimal tissue reaction from host response

can be demonstrated(Fig.6,7,8)
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Fig.3 At 5 weeks. Rt. feur showed healing pro-

cess by immature bone(osteocyte in loose matrix)

Fig.7 Fibrous tissue encapsulated bone graft(o'

and multinucleated gint cell(c) was demonstrated

near bone

Fig.4 bone graft was encapsulated by fibrous

Tissue

Fig.5 Bone graft in fibrous tissue and host bone

Fig.6 At l0 weeks, Rt. femur showed mature

bone at osteotomY site.

Fig.8 At l0 weeks bone graft was encapsu-

lated by host bone, but no area of incoporation

can be demonstated.

Discussion

This experimental model designed

for histological evaluation of bone graft heal-

ing processes and this model can not study

biomechanical strength of bone. Histo-

logical fate of freeze-dried bone graft is, for

obvious reasons, rarely possible to deter-

mine in patients. Again Gresham 
5, on the

basis of a small number of biopsies, recog-

nized peripheral revascularization, resorp-

tion, and replacement of the graft by imma-

ture bone and later by osteons. The initial

activity over 2-4 months was continued at it

much slower rate for many years.o And the
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rate of freeze-dried bone grafts incoporation

were 20-40Vo.6 The principal problems have

been described and include (l) immunoge-

nicity, (2) vascular and cellular invasion,

(3) osteogenesis, (4) remodeling,and (5)

sterilization. This bone graft have very low

immunogenicity and was sterilized by

Gamma ray 20 Kgy, so these factor may

not limit the healing processes of bone graft.

As the physical state of the graft (as par-

ticle), the site of implantation can not fixed

well. We sutured the periosteum and thigh

muscles to cover bone grafts. None of rats

died and no infection occured. At the end

of study, Rt.femur showed normal bone heal-

ing from immature bone (woven bone) to

mature bone (lamellated) bone. Lt.femur

showed fibroblast and connective tissue

encapsulated bone graft. No area of periph-

eral revascularization and well incoporation

was seen. Some area showed host bone

encapsulated bone graft (not incoporation).

And minimal inflammatory cells can be seen

around bone graft.

The question remains why the bone

tablet freeze-dried xenograft placed at the

host-graftjunctions did not discernably ben-

efit bone graft incoporation. It is probable

that because these elements were encapsu-

lated early by dense connective tissue, they

were effectively sealed off from the immediate

graft environment and moved beyond the

diffusion.
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Conclusion

Bone tablet freeze-dried bone graft

showed foreign body reaction and were not

incoporated with host bone. Minimal tissue

reaction can be demonstrated. This study

can not show complete healing healing

processes of bone graft due to short

postoperative period. The healing processes

of this bone graft need more studies and

more times for conclusions and clinical

advantages.
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