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Mechanical and biochemical isolation and reproduction of periosteal cells, enable us to evaluate these fibroblast like 
cells. The established method of isolation and reproduction of periosteal cells were presented, and compared to other 
well known periosteal cell culture studies. The effect of hormones, trace elements, osteogenic mediators, and different 
pressure and oxygenation on bone growth and periosteal bone healing can be evaluated by structural and electron 
microscopic means on the isolated and cultured osteogenic cells. [Turk J Med Res 1993; 11 (3): 107-111] 
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Preparation of histological sections of the bone is not 
so easy. Our knowledge on bone healing and growth 
is therefore limited, when compared to soft tissues and 
other organs. Excluding physeal growth, the primary 
growth and healing of bone is maintained by the en-
dosteum and periosteum (1). If the isolation and cul
ture of periosteal and endosteal cells were possible, it 
would enable us to increase our knowledge on bone 
healing and bone growth. 

R e c e n t p r o g r e s s e s in m e c h a n i c a l (2) and 
b iochemica l cel l iso lat ion techn iques , permit re
searchers to perform tissue culture of osteoblast like 
cells (5-11). Knowledge on osteoblast like cells in
creased by various experiments performed on these 
cells (12-18). 

Basset and Cohen identified two different layers 
of the periosteum (19,20). The inner layer, which is 
called the "cambium" maintains its osteogenic potential 
through the whole life of the human being. The idea to 
observe periosteal cells for their osteogenic capability 
in vivo and in vitro is not so new. In 1928, Fell were 
able to grow fibroblast like cells, and realised that os
sification occurs in in vitro conditions by these cells 
(19). Short after Fells' experiment, the importance of 
the periosteum in bone growth was estimated by other 
researchers (21-24). Caplan and his study group and 
Poussa et al. identified the details of periosteal cell 
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culture from chicks. They also identified the osteogenic 
potential of these cells by monoclonal antibodies (21), 
and demonstrated the bone morphology and remodell
ing of embryonic chick limbs (23). 

Isolation of fibroblast like cells from the perios
teum, and culture of these cells are still active sub
jects of today's' orthopaedic research (3,4). 

We present the methodology of isolation of fib
roblast like cells from the periosteum by mechanical 
and biochemical means. The way of isolation of chick, 
rabbit, and human periosteum is discussed, and com
pared to other methods of cell isolation and culture 
techniques. 

MATERIALS AND METHODS 
Isolation of Periosteal Cells 
Ch ick per ios teum: One week old ten Leghorn type 
chicks were used at the experiments. The chicks were 
sacrificed by high dose diethyl ether inhalation, and 
the hind legs were cleaned by high concentration of 
methyl alcohol to avoid bacterial contamination. The 
skin and muscles were dissected under aseptic condi
tions, and the periosteum overlying the tibias were in
cised by a no. 11 scalpel. A quadrangular periosteal 
tissue, 0.2x0.7 cm in size, were dissected from the 
tibias of each chick. The isolated t issues were col
lected at a petri plate containing 7-10 ml Tyrodes salt 
solution (Sigma, St Louis, USA) . The periosteum were 
dissected free of surrounding soft tissues and muscle. 
They were rinsed for five minutes by antibiotic (Strep
tomycin 100 mg/ml, Penicill in 100 lU/ml) containing 
phosphate buffered saline (PBS). 
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R a b b i t p e r i o s t e u m : F i v e two mon ths o ld N e w 
Zealand white rabbits were anaesthetised by intramus
cular ketamine hydrochloride and xylasin hydrocloride 
(100 mg/ml; 23.32 mg/ml) injection. The hind legs 
were shaved and sterilised by betadine solution. Both 
tibias were approached by an anteromedial skin in
cision. Periosteal tissue, 0.5x1.0 cm in size, was iso
lated and transferred to Tyrodes solution. The isolated 
periosteal tissues were rinsed with the same method 
described for chick periosteum. 

H u m a n pe r i os teum: The periosteum was removed 
from the osteotomy site of a six years old child, to 
whom a corrective femoral osteotomy was performed 
because of coxa vara. The tissue was 1.0x1.5 cm in 
size. Following the removal of soft tissues and muscle 
overlying the periosteum, the tissue was rinsed with 
P B S for three times and transferred to an antibiotic 
containing petri dish. The mentioned periosteum was 
divided into small pieces, 0.1x0.2 cm in size, with a 
scalpel. Mechanical grinding or ultra sonofication was 
not used in order to persevere the viability of the cells. 
Cultivation of Periosteal Cells 
The cultivation of periosteal cells isolated from chick 
periosteum was performed with the method described 
by Swar tz (25). Sma l l p ieces of per iosteum was 
placed into 50 ml d isposable t issue culture f lasks 
(Nunc, Intermed, Denmark). To amenable the attach
ment of the tissue to the bottom of the flaks, the inner 
surfaces of the flasks was scattered with 100% fetal 
bovine serum (FBS) . Tissue containing flasks were 
placed into a incubator at 37°C supplied with 5% car-
bondioxyde. After 4-6 hours of incubation, 20% F B S 
containing Eagles minimum essential medium (EMEM), 
(Gibco, Paisley, Scotland) and antibiotic were added 
into the flasks. The medium was exchanged every two 
or three days by 10% F B S containing EM EM medium. 

For human periosteum, the pieces were placed 
into a 0.25% type 2 collagenase (Biochrom K G , Berlin, 
Germany) containing Fa lcon tube. This tube was 
placed into a 37°C water bath and shaked for one 
hour. At the 30th minute of shaking, the elusion was 
transferred to a vortex machine, and the elusion was 
vortexed for five to seven seconds. At the end of 
shaking and vortexing, the t issue suspension was 
p laced into a santr i fuge, and isolated cel ls were 
precipitated to the bottom of the tube at 1500 rpm for 
10 minutes. Following the removal of the supernatant, 
100% F B S was added into the tube for the inhibition 
of the act iv i ty of c o l l a g e n a s e . T h e ce l l s were 
suspended by E M E M , and transferred to 50 ml tissue 
culture flasks. These cells were followed up with the 
same protocol used for periosteal cells isolated from 
chicks (Fig 1). 

The Fitton-Jackson modification of BGJb medfum 
(Sigma, St Louis, USA) was used at the follow up of 
some human per ios tea l ce l l s . Th is medium was 
described by Biggers (26), and was widely used at cell 
culture studios by Nakahara et al (3,4). 

Figure 1. Schematic presentation of periosteal cell isolation 
and culture. 

Figure 2. Fibroblast like cell growth (f) from the periphery of 
chick periosteum (P) cultivated by Swartz method, x 100 

The periosteal cells isolated from rabbits were 
divided into two groups. The same methods used for 
chick periosteal cells were accomplished at the first 
group. At the second group, biochemical degradation 
of cells was utilised by collagenase as described for 
human periosteum previously. 

Subcul ture: The cells were subcultured when they 
reached a constant amount in culture. This was called 
the "conf luence" condi t ion, and the medium was 
removed, and 2 ml of 0.25% trypsin (Gibco Paisley, 
Scotland) were added into the tissue culture flasks to 
remove them from the bottom of the flaks. The cells 
were incubated at 37°C for 10 minutes and dissocia
tion of the cells from the bottom of the flasks were ob-

Turk J Med Res 1993; 11 (3) 



ISOLATION AND IN VITRO REPRODUCTION OF PERIOSTEAL CELLS 109 

Figure 3. Confluent human periosteal cells in culture, x 200 

Figure 4. Morphology and integration (arrow) of human fibrob
last like cells in culture, x 400 

served macroscopically. The effect of trypsin was cont
rolled by adding 100% F B S into the flasks, and the 
elusion were santrifuged for 10 minutes at 100 rpm. 
Cel l counts were performed and viable cel ls were 
diluted to 10 5 cells per ml by E M E M . These cells were 
then divided into new tissue culture flaks to increase 
the number of isolated cells in culture. 

RESULTS 
Periosteal cells grew form the periphery of the perios
teal tissue attached to the bottom of the tissue culture 
flasks (Fig. 2). This was observed between the 15 to 
21 days of primary culture of chick periosteum with 
the Swartz method. Cell aggregates interspersed ran
domly throughout the tissue culture flask. Reaching 
conf luence, the cel ls were subcultured to sustain 
monolayer periosteal cells in culture. 

Human and enzymatically treated rabbit periosteal 
cells reached confluence in a shorter period then chick 
periosteal cells. Five to seven days later than primary 
culture, these cells were ready for subculture (Fig. 3). 
At cultures where BGJb medium was used, the growth 
of cel ls lasted longer, and the pH control of the 
medium was more complex when compared to E M E M . 

At cytological examinat ions, these cel ls were 
defined to have similar morphology with fibroblasts. 
There were spindle-shaped fibroblast like cells as well 
as large polygonal cells. These cells looked healthy 
with no signs of degeneration. Spindle like cells were 
surrounded by a refractive outer boundary. Cel ls main
tained contact with each other through multiple exten
sions (Fig. 4). Cytop lasmic extensions reveal that 
these cells have fibroblast like characteristics. 

DISCUSSION 
The cells of the cambium layer of the periosteum are 
known to be responsible of periosteal bone growth and 
healing (19). Per iosteum is used as free or vas-
cular ised f laps at bone reconstruct ion for its os
teogenic capacity (20,27-32). Although the idea of 
isolating and culturing periosteal cells by mechanical 
and biochemical methods is not new, recent research 
studies determined the standards of methodology 
(3,4,33). Per iosteal cel l morphology and their os
teogenic potential's were described by this means. 
Evidence is now available that there is a population of 
progenitor cells present in periosteum that are capable 
of differentiating into bone, and cartilage. 

The method of periosteal cell culture is described 
in this current paper. One should take care of several 
pitfalls in performing periosteal cell culture other than 
general rules of other tissue cultures. The growth of 
chick periosteal cells from periosteal tissue by Swartz 
method takes 2 to 3 weeks. However, treating the tis
sue with collagenase reduces this time to approximate
ly one week. 

Type II collagenase is a specific enzyme to iso
late fibroblast like cells, and is known to be the least 
destructive substance to dissociate periosteal cells 
from the tissue. 0.5% of collagenase is appropriate for 
human tissue, where the concentration of 0.25 to 
0.125% is better for rabbit and chick periosteum. The 
effectiveness of collagenase can be increased by vor-
texing the elusion for 5 to 10 seconds at each 20 to 
30 minutes. At lower concentrations the time of treat
ing the tissue with collagenase should be increased to 
1.5 to 2 hours. 

Although being a specific medium of fibroblast 
like cells, the BGJb medium was found to be less ef
fective. The cel ls in the mentioned medium grew 
slower than suspected, and pH regulation of B G J b 
was not so easy when compared to E M E M . The BGJb 
medium was not used at this study for the aforemen
tioned reasons. 

For the continuance of human periosteal cells the 
percentage of F B S in the medium can be as low as 
1%. However, 10% of F B S was preferred at our 
s tud ies F B S in known to s t imulate in vitro os
teogenesis (26). 

The size of periosteal cells were approximately 8-
10 um and 15 urn, at chicks and human, respectively. 
Before subculturing these cells, they can be filtrated 
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Periost kökenl i hücreler in izo lasyonu 
ve in vitro kültür ortamında üreti lmeleri 

Periost hücrelerinin mekanik ve enzimatik yöntem
lerle izolasyonu ve in vitro kültür ortamında üretil
mesi, osteojenik potansiyele sahip bu hücrelerin 
kolay incelenmesi açısından önemlidir. Çalışma
mızda uygulanan yöntem tanımlanmış ve yaygın 
olarak günümüzde kullanılan diğer hücre kültürü 
yöntemleriyle karşılaştırılmıştır. Periost dokusun
dan izole edilen fibroblast kökenli hücreler İn vitro 
ortamlarda osteojenik potansiyele sahip olmaları
nın yanısıra in vlvo ortamda osteoinduktif özellik 
taşırlar. Değişik hormonların, eser elementlerin, 
osteojenik mediatörlerin ve farklı basınç ve oksije-
nasyonun kemik büyümesi ve periosteal kırık 
iyileşmesi üzerindeki etkilerinin yapısal ve elektron 
mikroskopik incelenmesi yönünden periost doku 
kültürü yönteminin yararlı olacağı düşünülmektedir. 
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through a 20 urn pore size filter to allow them fall 
separately, however, this method was not used in our 
study. Chick periosteal cells and human periosteal 
cells can be subcultured for 15 to 40-50 times respec
t ive ly . T h e o s t e o g e n i c c a p a c i t y o f t h e s e ce l l s 
decrease, as the number of subcultures increases. We 
did not exceed 4 to 5 subcultrures in this study to per
severe the osteogenic potential of these cells. 

The advantages of periosteal cel l culture are 
to increase the number of uniform fibroblast like 
cells and to evaluate their structural and functional 
probabi l i t ies more eas i ly . Cul tured cel ls can be 
preserved in l iquid ni trogen. These cel ls can be 
thawed and used in a future study. An experiment 
can be truncated at a certain level and the cel ls 
can be transferred to another research center to 
continue the experiment. 

Cel ls in culture present various differences than 
in vivo cells. They usually present a small part of a 
tissue, and there exists the lack of factors present at 
normal t issue circulat ion. These cel ls are usually 
derived from younger individuals, and may present dif
ferent receptors than suspected in adults. The lack of 
blood circulation, and environmental factors are other 
disadvantages of tissue culture. 

High mitotic activity of cultured cells disable us to 
implant these cells back to individuals. Carcinogenic 
potential, as well as infection, are the drawbacks of 
retrograde implantation of these cells in human beings. 
However, active research is performed on these cells 
to combine them with various carriers, and implant 
them as tissue substitutes in living organisms. The 
field of study is encouraging, and may be a promoting 
area of basic orthopaedic research. These cells can 
be used at non-un ions, and at the treatment of 
chondral defects. 

Endocrinological studies for osteoporosis, and 
neuroendocrinological bone healing mechanisms can 
be eva luated through these f ibroblast l ike ce l ls . 
Var ious mediators , t race e lements, and phys ica l 
condit ions such as pressure, electr ic st imulat ion, 
magnetic fields, and their effects on osseous tissue 
can be evaluated on cultured cel ls. However, his
tological staining of t issue cultured cel ls, including 
toluidine blue staining for determining cell viability, 
a lkal ine phospha tase activity of per iosteal ce l l s , 
glycosaminoglycan synthesis, growth curves, and 3 H -
thymidine incorporation studies should be standar
dised for bone research. 

ACKNOWLEDGEMENT 
The authors would like to thank to Keiro Ono MD, 
Professor and Chairman of the Department of Or
thopaedic Surgery, and Dean of the Osaka University 
Medical School, and Haruhiko Nakahara MD from the 
same department for their help and support to this 
study. 

REFERENCES 
1. Macewen W. The growth of bone. Clin Orthop 1983; 174: 

5-14. 

2. Cohn DV, Wong GL. Isolated bone cells. In: Simmons DJ, 
Kunin AS, eds. Skeletal Research: New York: Academic 
Press, 1979:4-19. 

3. Nakahara H, Bruder SP, Goldberg VM, et al. In vivo osteo-
chondrogenic potential of cultured cells derived from the 
periosteum. Clin Orthop 1990; 259:223-232. 

4. Nakahara H, Goldberg VM, Caplan Al: Culture expanded 
human periosteal derived cells exhibit osteochondral poten
tial in vivo. J Orthop Res 1991; 9:465-476. 

5. Aufm'kolk B, Hauschka PV, Schwartz ER: Characterisation 
of human bone cells in culture. Calcif Tissue Int 1985; 
37:228-235. 

6. Bard DR, Dickens MJ, Smith AU, et al. Isolation of living 
cells from mature mammalian bone. Nature 1972; 236:314-
15. 

7. Binderman I, Duskin D, Harell A, et al. Formation of bone 
tissue in culture from isolated bone cells. J Cell Biolog 1974; 
61:427-439. 

8. Nijweide PJ, Van Iperen-van Gent AS, Kawilarang-de Haas 
EWM, et al. Bone formation and calcification by isolated 
osteoblast like cells. J Cell Biolog 1982; 93:318-323. 

9.. Robey PG, Termine JD. Human bone cells in vitro. Calcif 
Tissue Int 1985; 37:453-460. 

10. Sudo H, Kodama H, Amagai Y. In vitro differentiation and 
calcification in new clonal osteogenic cell line derived from 
newborn mouse calvaria. J Cell Biolog 1983; 96:191-98. 

11. Tenenbaum HC, Heersche JNM. Differentiation of ostoblast 
and formation of mineralized bone in vitro. Calcif Tissue Int 
1982; 34:76-9. 

12. Hanazawa S, Ohmori Y, Amano S, et al. Human purified 
interleukin-1 inhibits DNA synthesis and cell growth of os
teoblastic cell line (MC3T3-E1), but enhances alkaline phos
phatase activity in the cells. FEBS 1986; 203:279-84. 

Turk J Med Res 1993; 11 (3) 

http://TurkJMedP.es


ISOLATION AND IN VITRO REPRODUCTION OF PERIOSTEAL CELLS 

13. Ikeda K, Matsumoto, T, Morita K, et al. Inhibition of in vitro 
mineralization by aluminium in a clonal osteoblast like cell 
line, MC3T3-E1. Calcif Tissue Int 1986; 39:319-23. 

14. McSheehy PMJ, Chambers. Osteoblastic cells mediate os
teoclastic responsiveness to parathyroid hormone. Endocri
nology 1986; 118:824-28. 

15. Peck WA, Birge Jr SJ, Fedak SA. Bone cells. Biochemical 
and biological studies after enzymatic isolation. Science 
1964; 146:1476-77. 

16. Raizs LG. Bone resoption in tissue culture. Factors influen
cing the response to parathyroid hormone. J et al. Clin In
vest 1965; 44:103-115. 

17. Sharpe PT, Gallagher JA, MacDonald BR, et al. Differential 
sensitivity to trypsin of human bone derived cells in culture. 
Surface changes detected by partioning in aqueous two 
phase system. Cell Biochem Func 1986; 4:47-54. 

18. Takahashi T, So S, Wang D, et al. Phagocytosis of different 
matrix components by different cell types at bone forming 
sites in cultured mouse calvaria. Cell Tissue Res 1986; 
245:9-17. 

19. Bassett AL. Current concepts of bone formation. J Bone 
Joint Surg 1962;44-A: 1217-44. 

20. Cohen J, Lacroix P. Bone and cartilage formation by perios
teum. J Bone Joint Surg 1955; 37-A: 747-730. 

21. Bruder SP, Caplan Al. First bone formation and the dissec
tion of an osteogenic lineage in the embryonic chick tibia is 
revealed by monoclonal antibodies against osteoblasts. 
Bone 1989; 10:359-375. 

22. Caplan Al. Effects of nicotinamide sensitive teratogen 3-
acetylpyridine on chick limb cells in culture. Exp Cell Res 
1970; 62:341-55. 

23. Pechak DG, Kujawa MJ, Caplan Al. Morphology of bone 
development and bone remodeling in embryonic chick 
limbs. Bone 1986; 7:459-472. 

m 

24. Poussa M, Rubak J, Ritsila V. Differentiation of the osteo-
chondrogenic cells of the periosteum in chondro trophic en-
viroment. Acta Orthop Scand 1981; 52:235-39. 

25. Swartz ER. Cartilage cells and organ culture. In: Simmons 
DJ, ed. Skeletal Research New York: Academic Press, 
1979:61-80 

26. Stern HP, Raisz LG. Organ culture of bone. In: Simmons 
DJ, ed. Skeletal Research New York: Academic Press, 
1979:21-59. 

27. Finley JM, Ackland RD, Wood MB. Revascularized perios
teal grafts. A new method to produce functional new bone. 
Plastic and Reconstructive Surgery 1978; 61:1-6. 

28. Puckett CL, Hurvitz JS, Metzler MH, et al. Bone formation 
by revascularized periosteal and bone grafts compared with 
traditional bone grafts. Plastic and Reconstructive Surgery 
1979; 64:361-65. 

29. Takato T, Harii K, Nakatsuka T, et al. Vascularized perios
teal grafts. An experimental study using two different forms 
of tibial periosteum in rabbits. Plastic and Reconstructive 
Surgey 1986; 78:489-97. 

30. Takato T, Harii K, Nakatsuka T. Osteogenic capacity of vas-
cularised periosteum. Experimental study using rib perios
teum. Br J Plastic Surg 1988; 41:528-32. 

31. Uddstromer L, Ritsila V. Osteogenic capacity of periosteal 
grafts. Scan J Plast Reconstr Surg 1978; 12:207-14. 

32. Van den Wildenberg FAJM, Goris RJA, Tutein Nolthenius-
Puylaert MBJE. Free revascularised periosteum trans
plantation. An experimental study. Br J Plastic Surg 1984; 
37:226-35. 

33. Uchida A, Kikuchi T, Shimomura Y. Osteogenic capacity of 
cultured human periosteal cells. Acta Orthop Scand 1988; 
59:29-33. 

Turk J Med Res 1993; 11 (3) 


