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A Study on Freeze-Dried Bone
Ik Yull Chang, M.D.

Deparitment of Orthopedic Surgery, Kang Nam Sacred Heart Hospital,

Hallym University, Seoul, Korea

I had an opportunity to visit U.S. Naval Tissue Bank and observed tissue procurement

and preservation by freeze-drying method and its clinical application while I stayed in the

Naval Hospital, Bethesda in 1954.

‘The freeze-dried tissues, especially bone graft, has shown excellent bone repair experimen-

tally and clinically.

Recently the mechanisms of osteoinduction have observed by many researchers and isola-
ted the substance, bone morphogenetic protein, and clarified the interaction between BMP
and the determined or inducible osteoprogenitor cells.
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ole} o] FHY Uxle Aol FulEwA

-932-



Table 1. Multistep Process of Bone Induction

‘Tlme aft.e r Cellular events Molecular processes
implantation
1 min Blood clot formation Fibrin network formation
Platelet release Release of platelet-derived growth
factors

Binding of plasma fibronectin to im-

planted matrix
1h Arrival of polymorphonuclear Release of proteolytic enzymes such
leukocytes (PMN) by chemotaxis as collagenase and elastase

Release of collagenous peptides

3~18h Accumulation of PMN Limited proteolysis and release of

Adhesion of cells chemotactic factors for fibroblasts

Day 1 Chemotaxis of fibroblasts and Release of peptides of fibronectin
cell attachment to the implanted Increased cell motility
extracellular matrix Role of microtubules and microfila-

ments

Day 2 Continuation of chemotaxis for Initiation of protein and uncleic acid
fibroblasts synthesis

Release of growth factors

Signal transduction from matrix
to cell surface
Day 3 Cell proliferation SH-thymidine incorporation into DNA
Increase in ornithine decarboxylase
activity
Cell proliferation Type M-collagen synthesis
Day 5 Differentiation of chondroblasts Increase in ®S0, incorporation into
proteoglycans
Day 7 Chondrocytes, synthesis and Type I -collagen synthesis, cartilage-
secretion of matrix Specific proteoglycans
Day 9 Hypertrophy of chondrocytes Increase in ®Ca incorporation and al-
kaline phosphatase activity
Calcification of cartilage matrix Type I-collagen synthesis
Laminin and Factor W in blood ves
sels
Vascular invasion
Days 10~12 Osteoblasts Type I -collagen synthesis
Bone formation and minerali- Bone proteoglycan synthesis
zation Peak in ®Ca incorporation and alka-
line phosphatase activity
Day 12~18 Osteoclasts Increase in lysosomal enzymes(acid
Bone remodeling and dissolu- phosphatase, aryl sulfatase, and
tion of the implanted matrix B-glucuronidase)

Upswing in accumulation of
7-carboxyglutamic acid containing
protein (osteocalcin)

Release of collagenases and proteases

Day 21 Bone marrow differentiation Increase in ¥Fe incorporation into

heme
Accumulation of lysozyme
Type M-collagen synthesis

19791 Urist'®5-& o] Q=g £2ldle] T
4 thl(Bone Morphogenetic Protein ; BMP)

olel W3gict #Holw BMPE $341A ¥
FitAdE A¥gHo2 ¥4k o] BMP|
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j3ted, 4F2 F(recipient bone) 2FF4
T A A AA Z(precursor cell)7} P, A
A, 717 S84 A AA E(determined osteoge-
nic precursor cell), =+ DOPC(determined
osteoprogenitor cel)+ FZ o} T47HA
of &Afs}e] 7hM E(stem cell)s} e dEE
e, 5 A JgE WA ¥z FAH
o2 FolAEz F3Hd 4, +44 THA
A A4 Z(inducible osteogenic precursor cell),
w2 [OPC(inducible osteoprogenitor cell)+
o] Al TR NE e FRutelzty EAd] YA
AZE 28% 4 Uk $HE A ALolth
o] $£§ AEsheel I0PCE BMPo] 2 sho]
435 2946l HelshA Uk @A 52
AZF 7|HoE BMPs} & 2EEo] glenz
T4l 2 e Aoz 44t

4 £

1L A 23 AANANA QAzg A48 4
ste] AElS w3 bl e g T3
93le] AzYA(Human Plasma)§ A3
th ol Qe 4L FAHH AEdlA &3
o 2z Az A7 Aelw, o] AHL
Lyophilizatione] gtz 3t}
2. $FAME A2 wuLel 3ol A
= F 2Eo QoA FAAZHlEe MR
< 3akdle oA TFEAE FE AVLE
oA AR & 4 9z, AFA4UE REFI]
Fol| Z717} Ao 7hEdied, o= HYE
olAdg ZA =it 1950474 UEF FAA=
AZFE a2 Y44 H e $431ch
3. FAAzZL, e &, 84, e
Fo] Wdtx opsmz, FY4, Fid TH
=2 J%5o] $48e FHol AE oAl
2R e ¢4 44¢ vebdc A2 &

S8 AT B T AQAAE TR
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