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Abstract The effectiveness of autologous rib perichon- 
drium for repair of full-thickness hyaline cartilage de- 
fects has been shown experimentally and clinically in 
various reports. The purpose of this study was to exam- 
ine the behaviour of sheep rib perichondrial tissue un- 
der in vitro conditions and the influence of different cul- 
ture matrices in order to evaluate possible stimulating 
effects. Rib perichondrium was obtained from sheep 
used for an experimental in vivo trial. After removal of 
adjacent cartilage remnants the tissue was devided and 
specimens cultured for 14 days in different ways. Ex- 
plants cultured on collagen sponges (group A), fibrin 
glue (group B) and cellulose acetate filter (group C) were 
examined histologically, histochemically, histomorpho- 
metrically and autoradiographically. Clear differentia- 
tion of perichondrial cells towards a chondrocyte-like 
cell shape, particularly in the proliferation zone, was 
noticed on all matrices. These cells synthesized new ma- 
trix substances comparable to the ground substance 
normally present in hyaline cartilage. Morphometric 
comparison of tissue differentiation on different culture 
matrices revealed no significant differences in prolifera- 
tion rates. 
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Introduction 

The results of conservative or operative treatment of 
deep cartilagenous or osteochondral lesions are still un- 
satisfactory. The defects are replaced by scar tissue and 
osteoarthritis usually develops within a few years (Bent- 
ley 1978; Calandruccio and Gilmer 1962; Johnson 
1986; Meachim and Roberts 1971; Mitchell and Shep- 
ard 1980; Nelson et al. 1988). 

The chondrogenic potential of perichondrial tissue 
has been evaluated experimentally by several investiga- 
tors demonstrating de novo chondrogenesis after au- 
tologous transplantation (Amiel et al. 1985a, b; Bruns 
et al. 1992a; Engkvist 1979; Engkvist and Ohlsen 1979; 
Engkvist et al. 1979; Homminga et al. 1989, 1990; Kon 
1981; Skoog et al. 1972; Woo et al. 1987). Biochemical 
and biomechanical analysis of the newly formed hya- 
line-like cartilage revealed biological similarity to unin- 
jured articular cartilage (Amiel et al. 1985a, b, 1988; 
Homminga etal. 1989; Maruyama 1979; Woo etal. 
1987). 

Because of these results perichondrial grafting has 
been used clinically for the repair of cartilage defects in 
different joints (Engkvist and Johansson 1980; Engkvist 
et al. 1979; Homminga et al. 1990; Niedermann et al. 
1985; Pastacaldi and Engkvist 1979; Ritsilfi et al. 1980, 
1981; Serradge et al. 1984; Skoog et al. 1975; Tajima 
et al. 1978). To achieve good results application of con- 
tinuous passive motion and restriction from weight- 
bearing is necessary for at least 3 months (Amiel et al. 
1985a, b; Bruns et al. 1992a; Homminga et al. 1990). In 
order to shorten this period and to improve the quality 
of the newly developed hyaline-like cartilage further in- 
vestigations evaluating facultative stimulating factors 
are necessary. 

In principle, in vitro studies enable us to investigate 
such promoting agents without disturbing influences 
due to mechanical factors under in vivo conditions, but 
little is known about the in vitro behaviour of perichon- 
drial tissue. Consequently, it was the first aim of this 
study to examine whether perichondrial tissue can be 
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cultured in order  to establish an in vitro system for fur- 
ther evaluation of several potentially stimulating fac- 
tors. 

In addition, in vitro studies have suggested that 
added collagen structures promote  differentiation of 
isolated cartilage precursor cells towards cartilage and/  
or bone cells (Kimura et al. 1984; Maor  et al. 1987; 
Wakitani et al. 1989; Yasui et al. 1982) and clinical in- 
vestigations (Gaudernak etal .  1986; Kaplonyi  etal .  
1988; Tiling 1986; Zilch 1986) have demonstra ted the 
effectiveness of fibrin glue for refixation of osteochon- 
dral flakes in cases of t rauma or osteochondrit is  disse- 
cans. However,  reliable factors which affect cartilage- 
nous cell differentiation are unknown and a further aim 
of the study was to evaluate in vitro influences on peri- 
chondrial  tissue following the additional application of 
either collagen sponges or fibrin glue. 

Materials and methods 

Perichondrial tissue was obtained from the ribs of five 5-month- 
old sheep, Awadassi/Ostfriesen strain, weighing 35-55 kg (from 
the Department of Animal Research Technion, Haifa). After re- 
moval of three explants per sheep, measuring 1.0 cm x 1.0 cm 
each, the tissue was immediately transferred to a vial containing 
saline (0.9% NaC1) and kept at 4 ° C. Within 1 h after removal the 
explanted tissue was carefully freed from adjacent cartilage rem- 
nants. Dissection of the explants was carried out using thin razor 
blades. The tissue was cut into pieces measuring 1.5 x 1.5 mm. 

Perichondrial explants were placed in sterile petri dishes (Fal- 
con, Oxnard, Calif., USA) containing 2 ml of culture medium 
(BGJb, modification of Fitton-Jackson; Bio. Ind. Beth HaEmek, 
Biomed. Prod. Div., Israel). Three to four pieces of perichondrial 
tissue were placed in each petri dish containing different culture 
matrices. 

In group A specimens were cultured on collagen sponges (CS, 
product number M1332, diameter 16 mm, Helitrex, Am. Biomat. 
Corp., Plainsboro, N.J., USA) and in group B specimens were 
cultured on fibrin glue (FG; charge number P 36063407418611 T; 
Immuno, Heidelberg, Germany). In group C (control group) peri- 
chondrial tissue was cultured on cellulose acetate filter (pore size 
0.45 gm, diameter 16 mm, Sartorius Goettingen, Germany). 

These cultures were incubated in an incubator (Tuttnauer, 
Jerusalem, Israel) at 37 ° C in a humidified gas phase of 5% carbon 
dioxide in air. The culture medium was changed every second day. 

In total, these.perichondrial cultures including the three differ- 
ent experimental groups were repeated twice. 

Specimens from each group were removed from the culture 
after 1, 3, 7, and 14 days and analysed histologically, histochemi- 
cally, morphometrically and autoradiographically. 

For histology all specimens were fixed for 5 days in 4% neutral 
buffered formalin and embedded in paraffin. Sections 6 gm thick 
were cut and stained with haematoxylin and eosin (H & E). Ran- 
domly chosen cuts of all sections were stained with toluidine blue 
at pH 2.0 and with periodic acid-Schiff reaction (PAS) at neutral 
pH for demonstration of acidic and neutral polysaccharides (Kivi- 
ranta et al. 1985; Silbermann and Frommer 1974; Silbermann 
et al. 1977). 

Morphometrical analysis was performed using randomly cho- 
sen sections of all experimental groups, all days in culture and all 
three cultures and stained with H & E. The number of cells and 
isogenic cell groups (at least two nuclei/cluster) was counted in the 
proliferation and in the transition zone of the perichondrium 
(Fig. 1A) using a microscopic counting screen with an area of 
0.04 mm 2. 

For statistical analysis the results were analysed using Stu- 
dent's t-test. 

For qualitative autoradiography, sections of each specimen, 
culture condition and day in culture were used. These sections 
were labelled with tritiated thymidine for the determination of the 
site of proliferation. Therefore, the culture medium was supple- 
mented with 2 gCi/ml 24 h before the cultured tissue was harvest- 
ed. The specimens were prepared for histological examination as 
described above. Sections were dipped in photographic emulsion 
(Kodak's emulsion NTB 2, Rochester, N.Y., USA), dried, and 
stored in the dark at 4 ° C for 3 weeks. The autoradiographs were 
developed in Kodak D-170 solution at 18 ° C, fixed in Kodak's 
rapid fixer, and washed. 

Results 

In total three series of cultures on each culture matrix 
(group A-C)  were performed. Specimens of one culture 
(day 7, FG) had to be discharged because of microbial 
infection. 

When perichondrium is harvested from the rib, there 
is a "natural"  line of separation which can easily be 
found using a raspatorium. Histological examination of 
this tissue demonstrates three different layers (Fig. 1A). 
The outer  layer, in situ the most  peripheral part  of the 
perichondrium, is called the fibrous layer (Bruns et al. 
1992a, b; Engkvist et al. 1979) and consists of loose 
wave-like connective tissue with a small amount  of fi- 
brocyte-like cells. The intermediate layer, called the pro- 
liferation zone (Bruns et al. 1992a, b; Engkvist et al. 
1979; Fig. 1A) contains elongated cells with oval nuclei 
thicker and less elongated than these of the fibrous part. 
This zone contains 3-5 rows of cells. The cells are sur- 
rounded by slightly stained ground substance. The in- 
ner layer (the transition zone; Bruns et al. 1992a, b; En- 
gkvist et al. 1979) contains cells with a more rounded 
cell shape, rounded nuclei and large areas of cytoplasm. 
Cells are arranged in groups of at least two cells 
(Fig. 1A). Histochemical analysis with toluidine blue 
demonstrates no staining of the fibrous layer and the 
proliferation zone, whereas in the transition zone a 
slight staining with increasing intensity towards the rib 
cartilage is visible. 

In contrast  with that, slight staining with PAS in the 
fibrous layer, moderate  staining in the proliferation 
zone and intense staining in the transition zone towards 
the rib cartilage is detectable. 

Histological and histochemical analysis of all speci- 
mens after 1 day in culture demonstrates no difference 
between the three culture conditions and to the original 
non-cultured tissue (Fig. 1A). 

After 3 days in culture all specimens of group C (con- 
trol group) showed no histological change compared 
with the original tissue. The fibrous layer seems to be 
looser. In all specimens from group A and B more 
rounded nuclei were observed in the proliferation zone. 
Histochemically, specimens of all groups (A-C) show a 
slightly positive toluidine blue stain in the ground sub- 
stance a round the cells of the proliferation zone. 

The PAS reaction, indicating product ion of neutral 
polysaccharides and intracellular product ion of glyco- 
gen, shows a slightly increased intensity in the ground 



Fig. 1 A Periochondrial tissue after 1 day in culture on cellulose 
acetate filter (CF). The specimen demonstrates three layer: the 
outer layer, called fibrous layer (FL), the thin intermediate prolif- 
eration zone (PZ) and the inner layer adjacent to the rib cartilage, 
called transition zone (TZ). The PZ  contains thin elongated cells 
with spindle-shaped nuclei. Cells in the TZ are more rounded, 
nuclei are surrounded by a large area of cytoplasm. Haematoxylin 
and eosin (H & E), x 40. B Specimen after 7 days in culture on 
fibrin glue (FG). Cells in the PZ are now more rounded, lie in 
groups of at least two cells per chondron and contain rounded, 
intensely stained nuclei. There is a less difference when compared 
to the TZ than in specimens after 1 day in culture H & E, x 64. 
C Specimen after 14 days in culture on FG. Only a slight differ- 
ence between cells or chondrons in the PZ and TZ is visible. Most 
of the cells in the PZ lay in groups of at least two cells per chon- 
dron and show rounded, intensely stained nuclei surrounded by a 
large area of cytoplasm. In comparison to specimens after 7 days 
in culture (Fig. 1B) there is only a slight difference between the PZ 
and TZ. At the bottom the FL is visible. H & E, x 64 
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Fig. 2 A Histochemical stain of a specimen cultured for 7 days on colla- 
gen sponge (CS). The FL is not stained; the PZ demonstrates only a 
slight pericellular stain. In contrast, the ground substance of the TZ 
shows intense staining. Toluidine blue (pH 2.0), x 80. B Specimen after 
14 days in culture on CF. A distinct border is visible between the PZ and 
the FL (arrows). The ground substance is intensely stained with an in- 
crease towards the TZ. Toluidine blue (pH 2.0), x 48 

Fig. 3 Specimen after 14 days in culture on CF. Intense staining is visible 
in the PZ and TZ, indicating production of neutral polysaccharides. 
Additionally, cells of the TZ demonstrate intense intracellular staining in- 
dicating the production of glycogen, in contrast with cells of the PZ. 
Periodic acid-Schiff, x 48 

Fig. 6 Autoradiography of a specimen after 3 days in culture on CF. In- 
tense staining, indicating cell proliferation, is visible in the PZ and in the TZ. 
Cells in the FL show little radioactivity. Tritiated thymidine, H & E, x 40 

subs tance  and  the cells of  the p ro l i fe ra t ion  and  t ransi-  
t ion  zone  c o m p a r e d  with  the or iginal  tissue. 

After  1 week  in cu l ture  all spec imens  of  the three  
g roups  ( A - C )  d e m o n s t r a t e  a m a r k e d  increase  of  the cell 
dens i ty  and  a dis t inct  change  of  the cel lular  shape  bu t  
no obv ious  differences be tween  the groups .  The  fo rmer  

a r r a n g e m e n t  in layers ( t rans i t ion zone, pro l i fe ra t ion  
zone) is d iminished.  Cells in the pro l i fe ra t ion  zone  are 
n o w  m o r e  r o u n d e d  with  large areas  of  t rans lucen t  cyto-  
p l a s m  and  large intensive s ta ined r o u n d e d  nuclei. Cells 
in the p ro l i fe ra t ion  zone  are n o w  a r r anged  m o r e  in 
g roups  of a t  least  two cells (Fig. 1B). His tochemica l ly ,  a 
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Fig. 4 A Graph demonstrating the cell density in the PZ depend- 
ing on the different culture matrices. B Graph demonstrating the 
cell density in the TZ depending on the different culture matrices. 
Significant difference when compared with specimens at the same 
time interval; ÷ significant difference in comparison to non-cul- 
tured perichondrium 
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Fig. 5 A Graph demonstrating the number of isogenic groups in 
the PZ depending on the different culture matrices. B Graph 
demonstrating the number of isogenic groups in the TZ depend- 
ing on different culture matrices. * Significant difference when 
compared with specimens at the same time intervall; ÷ signifikant 
difference in comparison to non-cultured perichondrium 

more intense staining with toluidine blue is visible in the 
proliferation zone with a marked pericellular halo 
(Fig. 2A). 

After 14 days in culture the proliferation zone and 
the transition zone of specimens of all groups (A-C) 
demonstrate a further differentiation towards hyaline- 
like cartilage. Cells of both zones are now even more 
rounded; there is an obvious increase in the cell density 
and in the number of cells per chondron. All cells of the 
proliferation and transition zones demonstrate a chon- 
drocyte-like shape (Fig. 1C). Histochemically, toluidine 
blue staining demonstrates a distinct border between 
the proliferation zone and the fibrous layer in all speci- 
mens of groups A-C. In the proliferation zone an in- 
tensely stained ground substance is visible; whereas, in 
the fibrous layer no staining is detectable (Fig. 2B). PAS 
reaction shows less distinct differences when compared 
with specimens after 7 days in culture, but an increase of 
intracellular staining is visible in the transition zone 
(Fig. 3). In contrast, intracellular staining is less intense 
in cells of the proliferation zone. Comparison of speci- 
mens from groups A-C reveals no obvious histological 
or histochemical difference. 

Morphometrically, a slight increase of cell density 
and density of isogenic cell groups is seen in the transi- 
tion zone and a distinct increase of cell density and den- 
sity of isogenic groups in the proliferation zone is 

present. These changes are statistically significant 
(Figs. 4A, B, 5A, B). 

Different culture matrices reveal a significant higher 
cell density of specimens cultured on FG and CS on 
morphometrical analysis in comparison with specimens 
of group C after 1 (and 3) days in culture (Figs. 4A, B, 
51, B). 

Exemplary autoradiographical examination demon- 
strates a maximum of radioactivity in the proliferation 
zone and an intensive activity in the transition zone of 
specimens after 1 and 3 days in culture. No obvious 
differences between groups A-C (Fig. 6) were visible. 

Discussion 

Since Tizzoni (in 1878) and Doerner (in 1905) men- 
tioned the chondrogenic potential of perichondrium, 
several experimental and clinical investigations have 
confirmed this characteristic (see Bruns et al. 1992a). 
However, few in vitro studies using perichondrial tissue 
or perichondrial cells have been performed. Gluecks- 
mann, in 1939, was the first to report on the in vitro 
development of hyalineqike cartilage derived from peri- 
chondrium of metatarsals and phalanges of chick em- 
bryos and Engkvist et al. (1979), reported on in vitro 
experiments with isolated perichondrial tissue from rab- 
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bit ears. Development of hyaline-like cartilage was 
clearly demonstrated but the rate of microbial infection 
was high. Upton et al. (1981) cultured isolated cells 
derived from perichondrium of the rabbit ear after col- 
lagenase digestion and found that even isolated peri- 
chondrocytes were able to produce hyaline-like carti- 
lage. More recently, Bulstra et al. (1990) corroborated 
the in vitro capacity for human rib perichondrium to 
form hyaline-like cartilage, but neither stimulating 
agents nor the glueing materials used clinically for graft 
fixation were examined. The background for the use of 
our particular culture substrates is that FG is common- 
ly used for in vivo graft fixation and CS is known to 
have a stimulating effect on the cartilaginous and os- 
seous cells differentiation from several in vitro investiga- 
tions (Kimura et al. 1984; Maor et al. 1987; Wakitani 
et al. 1989; Yasui et al. 1982). 

Our results from group C (control group) confirmed 
the typical course of cell differentiation towards a hya- 
line-like cell configuration. In contrast to Bulstra et al. 
(1990) we suggest the proliferation zone of the perichon- 
drium to be the most active area for this production. 
This is also supported by the autoradiographic results 
where at least equal radioactivity was found for the pro- 
liferation and transition zone. However, for transplan- 
tation purposes this is of minor interest because peri- 
chondrial tissue as transplanted contains the prolifera- 
tion zone, the transition zone and the fibrous layer. Fur- 
thermore, a suggested promoting effect on cartilaginous 
cell differentiation from the use of CS was not observed. 
There was no greater cell differentiation and no in- 
creased production of ground-substance when com- 
pared with a "standard" in vitro condition (group C). 

The presumed promoting effect (Kimura et al. 1984; 
Maor et al. 1987; Wakitani et al. 1989; Yasui et al. 1982) 
was probably not detectable because cartilage precur- 
sor cells of the perichondrium were already surrounded 
by extracellular matrix which may hinder influences of 
the CS on the perichondrial precursor cells. Additional- 
ly, ground substance itself is known to promote carti- 
laginous differentiation of cartilage precursor cells (Car- 
rino et al. 1983; Kosher et al. 1973; Nevo and Dorfman 
1972; Schwartz and Dorfman 1975; Solursh and Meier 
1974) and may have reduced the influence of the CS. 
Cartilage precursor cells in the perichondrium are ar- 
ranged three-dimensionally, which is known to have a 
promoting effect on cartilage cell differentiation (Waki- 
tani et al. 1989; Yasui et al. 1982), and there may be an 
additional effect due to the groundsubstance surround- 
ing the perichondrocytes. Probably, this surround di- 
minishes the influence of the partial pressure of oxygen 
on the perichondrocytes, resulting in maintainance of 
the hyaline-like differentiation. 

Regarding the use of xenologous FG as culture ma- 
trix (group B) there was neither evidence of degenerative 
effects as suggested by Itay et al. (1987) nor of any stim- 
ulating influences on the development of hyaline-like 
cartilage. Comparison of results from group A (CS) and 
group B (FG) demonstrated no significant differences in 

the proliferation capacity of perichondrium. From these 
in vitro data no preference for the use of either FG or CS 
as a glueing agent can be given. 

In conclusion, this study corroborates clearly the po- 
tential of rib perichondrium to form hyaline-like carti- 
lage in vitro. In contrast, no promoting effects due to the 
use of FG or CS could be detected using morphological 
criteria. 

Since several in vivo studies have demonstrated ad- 
vantages of perichondrial grafting in the treatment of 
articular cartilage defects it is of particular clinical inter- 
est to examine factors which can possibly promote carti- 
laginous differentiation from perichondrial tissue. If any 
promoting effect due to the use of hormones, vitamins 
(Kato et al. 1984), other biochemicals agents or biophys- 
ical conditions such as low oxygen tension (Nevo et al. 
1972), electromagnetic fields (Sakai et al. 1991) or inter- 
mittent compressive forces (Veldhuijzen et al. 1979) is 
detectable in vitro, this might be used as an intra-articu- 
lar adjuvant in order to shorten the post-operative peri- 
od when continuous passive motion and restriction 
from weight-bearing is necessary. It may also improve 
the biochemical and biomechanical quality of the newly 
formed tissue. 

Acknowledgements This work was supported by B. Braun- 
Foundation, Verein z. F6rderung d. Erforschung u. Bek~impfung 
rheumatischer Erkrankungen Bad Bramstedt e.V.; Minerva- 
Foundation Darmstadt; Norddeutsche Orthopfidenvereinigung 
e.V. 

References 
Amiel D, Harwood FL, Abel MF, Akeson WH (1985a) Collagen 

types in neo-cartilage tissue resulting from rip perichondrial 
graft in an articular defect-a rapid semi-quantitative methodo- 
logy. Collagen Relat Res 5:337-347 

Amiel D, Coutts RD, Abel M, Stewart W, Harwood F, Akeson 
WH (1985b) Rib perichondrial grafts for the repair of full- 
thickness articular cartilage defects. J Bone Joint Surg [Am] 
67:911-920 

Amiel D, Coutts RD, Harwood FL, Ishizue KK, Kleiner JB (1988) 
The chondrogenesis of rib perichondrial grafts for repair of 
full-thickness articular cartilage defects in a rabbit model: a 
one year postoperative assessment. Connect Tissue Res 18: 
27-39 

Bentley G (1978) The surgical treatment of chondromalacia patel- 
lae. J Bone Joint Surg [Br] 60:74-81 

Bruns J, Kersten P, Lierse W, Silbermann M (1992a) Autologous 
rib perichondrial grafts in experimentally induced osteochon- 
dral lesions in the sheep-knee joint: morphological results. 
Virchos Archiv [A] 421 : 1 8 

Bruns J, Meyer-Pannwitt U, Silbermann M (1992b) The rib pe- 
richondrium. An anatomical study in sheep of a tissue used as 
transplant in the treatment of hyaline-cartilage defects. Acta 
Anat [Basel] 144:258 266 

Bulstra SK, Homminga GN, Buurman WA, Terwindt-Rouwen- 
horst E, Linden AJ van der (1990) The potential of adult hu- 
man perichondrium to form hyaline cartilage in vitro. J Or- 
thop Res 8:328-335 

Calandruccio RA, Gilmer WS (1962) Proliferation, regeneration, 
and repair of articular cartilage of immature animals. J Bone 
Joint Surg [Am] 44:431M55 

Carrino DA, Lennon DP, Caplan AI (1983) Extracellular matrix 
and the maintenance of the differentiated state: proteoglycans 
synthesized by replanted chondrocytes and nonchondrocytes. 
Dev Biol 99:132 144 



175 

Doerner (1798) De gravioribus quibusdam cartilaginum mutatio- 
nibus. Tubingae. Cited by Mori M (1905) Studien fiber Knor- 
pelregeneration. Dtsch Z Chir 76:220-234 

Engkvist O (1979) Reconstruction of patellar articular cartilage 
with free autologous perichondrial grafts (in dogs). Scand J 
Plast Reconstr SurF 13:361-369 

Engkvist O, Johansson SH (1980) Perichondrial arthroplasty. 
Scand J Plast Reconstr SurF 14:71 87 

Engkvist O, Ohlsen L (1979) Reconstruction of articular cartilage 
with free autologous perichondral grafts. Scand J Plast Re- 
constr SurF 13:269-274 

Engkvist O, Skoog V, Pastacaldi P, Yormuk E, Juhlin R (1979) 
The cartilaginous potential of the perichondrium in rabbit ear 
and rib. Scand J Plast Reconstr Surf 13:275-280 

Gaudernak T, Zifko B, Skorpik G (1986) Clinical experiences 
using fibrin sealant in the treatment of osteochondral fractu- 
res. In: Schlag G, Redl H (eds) Fibrin sealant in operative 
medicine, vol 7. Traumatology - Orthopaedics. Springer, Ber- 
lin Heidelberg New York, pp 91-102 

Gluecksman A (1939) Studies on bone mechanics in vitro. II. The 
role of tension and pressure in chondrogenesis. Anat Rec 
73:39-55 

Homminga GN, Linden TJ van der, Terwindt-Rouwenhorst 
EAW (1989) Repair of articular defects by perichondrial grafts. 
Acta Orthop Scand 60:326-329 

Homminga GN, Bulstra SK, Bouwmeester PM, Linden AJ van 
der (1990) Perichondrial grafting for cartilage lesions of the 
knee. J Bone Joint SurF [Br] 72:1003-1007 

Itay S, Abramovici A, Nevo Z (1987) The use of cultured embryo- 
nal chondrocytes as grafts for defects created in articular carti- 
lage. Clin Orthop 220:270-279 

Johnson LL (1986) Arthroscopic abrasion arthroplasty historical 
and pathologic perspective: present status. Arthroscopy 2:54- 
69 

Kaplonyi G, Zimmerman I, Frenyo AD, Farkas T, Nemes G 
(1988) The use of fibrin adhesive in the repair of chondral and 
osteochondral injuries. Injury 19:267-272 

Kato Y, Watanabe R, Tsuji M, Suzuki F, Canalis E (1984) Effect 
of bone-derived growth factor on DNA, RNA, and proteogly- 
can synthesis in cultures of rabbit costal chondrocytes. Meta- 
bolism 31:812-816 

Kimura T, Yasui N, Ohsawa S, Ono K (1984) Chondrocytes em- 
bedded in collagen gels maintain cartilage phenotype during 
long-term cultures. Clin Orthop 186:231 239 

Kiviranta I, Tammi M, Jurvelin J, S~i/im/inen AM, Helminen HJ 
(1985) Demonstration of chondroitin sulphate and glycopro- 
reins in articular cartilage matrix using periodic acid-Schiff 
(PAS) method. Histochemistry 83:303-306 

Kon M (1981) Cartilage formation from perichondrium in a 
weight-bearing joint. Eur SurF Res 13:387-396 

Kosher RA, Lash JW, Minor RR (1973) Environmental enhance- 
ment of in vitro chondrogenesis. IV. Stimulation of somite 
chondrogenesis by exogenous chondromucoprotein. Dev Biol 
35:210-220 

Maor G, Mark K VD, Reddi H, Heinegard D, Franzen A, Silber- 
mann M (1987) Acceleration of cartilage and bone formation 
on collagenous substrata. Collagen Relat Res 7:351-370 

Maruyama Y (1979) An experimental study on cartilage forma- 
tion in autogenous perichondrial transplantation in rabbits. 
Keio J Med 28:63-72 

Meachim G, Roberts C (1971) Repair of the joint surface from 
subarticular tissue in the rabbit knee. J Anat 109:317-327 

Mitchell N, Shepard N (1980) Healing of articular cartilage in 
intra-articular fractures in rabbits. J Bone Joint SurF [Am] 
62:628-634 

Nelson BH, Anderson DD, Brand RA, Brown TD (1988) Effect of 
osteochondral defects on articular cartilage. Acta Orthop 
Scand 59 : 574-579 

Nero Z, Dorfman A (1972) Stimulation of chondromucoprotein 
synthesis in chondrocytes by extracellular chondromucopro- 
tein. Proc Natl Acad Sci USA 69:2069-2072 

Nevo Z, Horwitz AL, Dorfman A (1972) Synthesis of chondromu- 
coprotein by chondrocytes in suspension culture. Dev Biol 
28:219 228 

Niedermann B, Boe S, Lauritzcn J, Rubak JM (1985) Glued perio- 
steal grafts in the knee. Acta Orthop Scand 56:457-460 

Pastacaldi P, Engkvist O (1979) Perichondrial wrist arthroplasty 
in rheumatoid patients. Hand 11:184-190 

Ritsil/i V, Poussa M, Rubak J, Snellman O, (~sterman K (1980) 
Periosteal and perichondral grafts in reconstruction of the pa- 
tellar joint surface. Acta Orthop Scand 51:704 

Ritsilfi V, Poussa M, Rubak J, Snellman O, Osterman K (1981) 
Periosteal and perichondrial grafts in reconstruction of joint 
surfaces. Acta Orthop Scand 52:447 

Sakai A, Suzuki K, Nakamura T, Norimura T, Tsuchiya T (1991) 
Effect of pulsing electromagnetic fields on cultured cartilage 
cells. Int Orthop 15:341-346 

Schwartz NB, Dorfman A (1975) Stimulation of chondroitin sulfa- 
te proteoglycan production by chondrocytes in monolayer. 
Connect Tissue Res 3:115-122 

Serradge H, Kutz JA, Kleinert HE, Lister GD, Wolff TW, Atasoy 
E (1984) Perichondrial resurfacing arthroplasty in the hand. J 
Hand SurF [A] 9:880-886 

Silbermann M, Frommer J (1974) Demonstration and distribution 
of acidic glycosaminoglycans in mouse secondary cartilage. 
Histochemistry 38:85-93 

Silbermann M, Kadar T, Hornung G (1977) Corticoid-induced 
changes in glucose metabolism of chondrocytes. Histochemi- 
stry 50:327-335 

Skoog T, Ohlsen L, Sohn SA (1972) Perichondrial potential for 
cartilagenous regeneration. Scand J Plast Reconstr Surg 
6:123-125 

Skoog T, Ohlsen L, Sohn SA (1975) The chondrogenic potential of 
the perichondrium. Chit Plastica 3:91-103 

Solursh M, Meier S (1974) Effects of cell density of the expression 
of differentiation by chick embryo chondrocytes. J Exp Zool 
187:311-322 

Sully L, Jackson IT, Sommerland BC (1980) Perichondrial graf- 
ting in rheumatoid metacarpophalangeal joints. Hand 
12:137-148 

Tajima S, Aoyagi F, Maruyama Y (1978) Free perichondrial graf- 
ting in the treatment of temporomandibular joint ankylosis. 
Plast Reconstr SurF 61:876 880 

Tiling T (1986) Follow-up after reattachment of chondral and 
osteochondral fragments of the knee joint. In: Schlag G, Redl 
H (eds) Fibrin sealant in operative medicine, vol 7. Traumato- 
logy - orthopaedics. Springer, Berlin Heidelberg New York, pp 
74-78 

Tizzoni G (1878) Sulla istologia normale e patologica delle cartita- 
gini ialine. Arch Sci Med 2:27-102 

Upton J, Sohn SA, Glowacki J (1981) Neocartilage derived from 
transplanted perichondrium: what is it? Plast Reconstr SurF 
68 : 166-172 

Veldhuijzen JP, Bourret LA, Rodan L (1979) In vitro studies of the 
effect of intermittent compressive forces on cartilage cell proli- 
feration. J Cell Physiol 98:299-306 

Wakitani S, Kimura T, Hirooka A, Ochi T, Yoneda M, Yasui N, 
Owaki H, Ono K (1989) Repair of rabbit articular surfaces 
with allograft chondrocytes embedded in collagen gel. J Bone 
Joint Surf [Br] 71:74 80 

Woo SL-Y, Kwan M, Lee TQ, Field FP, Kleiner JB, Coutts RD 
(1987) Perichondrial autograft for the articular cartilage. Shear 
modulus of neocartilage studied in rabbits. Acta Orthop Scand 
58:510-515 

Yasui N, Osawa S, Ochi T, Nakashima H, Ono K (1982) Primary 
culture of chondrocytes embedded in collagen gels. Exp Cell 
Biol 50:92-100 

Zitch H (1986) Glueing of osteochondral fragments and fixation 
of dissecates in osteochondrosis dissecans. In: Schlag G, Redl 
H (eds) Fibrin sealant in operative medicine, vol 7. Traumato- 
logy - orthopaedics. Springer, Berlin Heidelberg New York, 
pp 63-73 


