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Background   Periosteal transplantation is commonly 
used for the treatment of articular cartilage defects. 
However, the cellular origin of the regenerated tissue 
after periosteal transplantation has not been well 
defined. The objective of this study was to investigate the 
cellular origin of the regenerated tissue after periosteal 
transplantation. 

Method   Free periosteum was harvested from the 
tibia of 10-week-old adolescent enhanced green fluo-
rescent protein (GFP-) expressing transgenic Sprague 
Dawley (SD) rats and was transplanted to full-thick-
ness articular cartilage defects of the patellar groove in 
normal 10-week-old adolescent SD rats. The periosteum 
was sutured to the defect with the cambium layer facing 
the joint cavity. 8 SD rats were killed at 4 weeks and 8 SD 
rats were killed at 8 weeks after surgery. The repaired 
tissue was assessed histologically and histochemically. 
GFP-positive cells derived from the donor periosteum 
could easily be detected in the repaired tissue by use of a 
fluorescent microscope. 

Results   At both 4 and 8 weeks after transplantation, 
the entire area of the defects had been repaired, with the 
regenerated tissue being well stained histologically with 
safranin-O. Most cells in the whole area of the regener-
ated tissue were GFP-positive, indicating that very few 
of the cells were GFP-negative cells originating from the 
recipient rats. 

Interpretation   This experiment demonstrates that 
most cells in regenerated tissue after periosteal trans-

plantation using adolescent animals do not originate 
from recipient cells but from the periosteal cells of the 
donor. 

■

In recent years, transplantation of the periosteum 
has been performed for the treatment of cartilage 
injury (Niedermann et al. 1985, Hoikka et al. 1990, 
Lorentzon et al. 1998, Alfredsson and Lorentzon 
1999, Alfredson et al. 1999). Salter et al. (1980), 
Rubak et al. (1982a, b) and O’Driscoll et al. (1988) 
reported that autogenous periosteal grafts have 
the potential to resurface full-thickness cartilage 
defects with cartilaginous tissue, whereas Brittberg 
et al. (1996) and Driesang and Hunziker (2000) 
have reported poor results from transplantation of 
the periosteum in a rabbit model and a goat model, 
respectively. Thus, the efficacy of periosteal trans-
plantation for cartilage defects is controversial.

Despite the existence of many clinical reports 
and more basic reports on periosteal transplanta-
tion, the cellular origin of the regenerated tissue 
after periosteal transplantation has not been well 
defined. The objective of this study was to investi-
gate the cellular origin of regenerated cartilage-like 
tissue after transplantation of allogeneic periosteal 
grafts using rats expressing green fluorescent pro-
tein (GFP). 
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Animals and methods

Experimental rats were kept in the research facili-
ties for laboratory animal science at our university. 
The research protocol for this experiment was 
approved by the ethical committee of Hiroshima 
University. 

We used 8 10-week-old GFP rats and 16 normal 
Sprague Dawley (SD) rats. The GFP rats were pur-
chased from Japan SLC Co. (Hamamatsu, Japan). 
The surgical procedures for rats were carried out 
under general anesthesia induced by an intraperito-
neal injection of sodium pentobarbital. The patella 
was dislocated laterally through a medial parapa-
tellar incision, to expose the patellar groove. A 
full-thickness transverse osteochondral defect was 
created, which measured 2 mm from the proxi-
mal side to the distal side and traversed the entire 
width of the patella groove. We chose the patellar 
groove as the repair site because it was technically 
easy to make an experimental osteochondral defect 
uniformly. The depth of this defect was extended 
to about 1 mm below the surface of the adjacent 
normal cartilage in the middle of the patellar 
groove with a rongeur. The thickness of articular 
cartilage in this area at surgery was about 0.3 mm. 
Free periosteum (2.5 × 5 mm) was harvested from 
the medial aspects of the proximal tibia of the GFP 
rats. When harvesting the periosteum, extreme care 
was taken not to damage the cambium layer of the 
periosteum (Figure 1). The harvested periosteum 

was transplanted to the full-thickness articular car-
tilage defect of the patellar groove in the SD rats. 
Each corner of the periosteum was sutured with 8-
0 nylon (Bear Surgical Sutures, Chiba, Japan) to 
the defect, with the cambium layer facing the joint 
cavity. 

Postoperatively, the SD rats were allowed to 
move freely within the cage. The immunosuppres-
sive agent tacrolimus (Fujisawa Phamaceutical Co., 
Osaka, Japan) was administered subcutaneously at 
a dose of 1mg/kg/day for 14 days to minimize any 
immune reaction. 16 SD rats were killed at either 4 
weeks (8 rats) or 8 weeks after surgery by adminis-
tering an overdose of thiopental. The operated knee 
was excised and all neighboring tissue was care-
fully cleaned up. The distal femur was cut and the 
repaired tissue in the defect of the patellar groove 
was assessed macroscopically. The specimens 
were fixed in 4% paraformaldehyde and decalci-
fied in EDTA. They were embedded in plastic legin 
(Technovit 8100, Okenshoji Co., Tokyo, Japan), 
cut into 5-µm sections and examined histologically 
using safranin-O fast green staining. A fluorescent 
microscope (Leica Microsystems, Germany) was 
used to detect the GFP-positive cells derived from 
the donor periosteum in the repaired tissues (i.e. 
the fluorescence of enhanced GFP (wavelength 
508 nm) was evaluated on unstained slices using a 
489 nm wavelength excitation ray). 

 

Results

2 rats died from anesthetic complications. At 4 
weeks and at 8 weeks after surgery, 4 animals (2 
at each time point) sustained a dislocation of the 
patella while moving freely in the cage. These 6 
rats were excluded from the experiment. Thus, 
we could evaluate 5 rats at 4 weeks and 5 rats at 8 
weeks after surgery.

Macroscopic examination (Figure 2)

There were no contractures and no free bodies, 
and there was no limited range of motion and no 
osteophyte formation in the operated knee joints at 
either 4 or 8 weeks after surgery. 

At 4 weeks after surgery, the regenerated tissue 
in the defects of all five rats was opaque-white, 
and was slightly more hypertrophic than neighbor-

Figure 1. Typical microscopic appearance of the harvested 
periosteum. The periosteum contains two distinct layers: 
(A) a thick, outer fibrous layer, and (B) a thin, inner cam-
bium layer which is adjacent to the bone (hematoxylin and 
eosin, × 200).
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ing normal cartilage in all knee joints. The newly 
formed tissue of all five rats had filled the defects 
completely. The borderlines between the new 
regenerated tissues and surrounding original carti-
lage were apparent. At 8 weeks, the newly formed 
tissue had filled the defects completely in 4 rats 
and partially in one rat. The defects which were 
filled completely were repaired with the translu-
cent and smooth regenerated tissue, which resem-
bled normal articular cartilage in all knee joints. 
The margins of the regenerated tissues were well 
integrated into the normal surrounding articular 
cartilage. 

Histological examination (Figures 3 and 4)

At 4 weeks after surgery, we could not detect the 
fibrous layer and cambium layer of the periosteum 
in any specimen. All of the defects were filled with 
regenerated smooth tissue, which was thicker than 
the surrounding articular cartilage. The regener-
ated tissue slightly protruded to the level of the 
surrounding articular cartilage. In the deep layer 
of the regenerated tissue, many round or oval 
chondrocyte-like cells were surrounded by a 
matrix well stained by safranin-O, indicating rich 
production of glycosaminoglycans. In the super-
ficial layer of the regenerated tissue, however, 
many fibroblast-like cells were found. At 8 weeks 
after surgery, the defects which were filled com-

pletely by the regenerated tissue were well stained 
by safranin-O. This was of the same thickness as 
the tissue at 4 weeks, manifesting good integra-
tion with surrounding articular cartilage. The level 
of the regenerated tissue was almost the same as 
that of the surrounding articular cartilage. Chon-
drocyte-like cells surrounded by a matrix that was 
well stained by safranin-O were detected in the 
deep layer of the regenerated tissue, like those at 
4 weeks. 

No tidemark was observed in the newly formed 
cartilage in any specimen, either at 4 weeks or 8 
weeks after surgery. At both time points after sur-
gery, the regenerated tissue showed good integra-
tion with the subchondral bone-plate. The level of 
the subchondral bone-plate underneath the regen-
erated cartilage was seen below the level of the 
surrounding subchondral bone-plate in all speci-
mens, at both 4 weeks and 8 weeks after surgery. 
No specimen showed any immunological reaction 
at either time point.

Fluorescent microscopic examination (Figures 
3–5)

At both 4 and 8 weeks after transplantation, most 
cells in the whole area of the regenerated tissue in 
all specimens were GFP-positive, including chon-
drocyte-like cells and fibroblast-like cells, indicat-
ing that they were derived from the donor perios-

Figure 2. Typical macroscopic appearance of the regenerated tissue in the patellar grooves at 4 
weeks (A) and 8 weeks (B) after surgery. 
A. The regenerated tissue appears slightly thicker than the surrounding normal articular cartilage. The 
regenerated cartilage-like tissue is opaque-white. 
B. The regenerated cartilage-like tissue appears translucent. The defect heals with smooth tissue, 
which is well integrated into the surrounding normal cartilage. 

  A   B
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teal cells. However, we could not detect any GFP-
positive cells in the subchondral bone area below 
the regenerated tissue. 

Discussion

In this study, free periosteum was harvested from 
the tibia of GFP rats and was transplanted to full-
thickness articular cartilage defects of the patellar 
groove in normal SD rats. We found that most of 
the cells in the whole area of the regenerated tissue 
which were well stained by safranin-O after both 4 
and 8 weeks after surgery were the GFP-positive 

cells, indicating that very few cells originated from 
the recipient rats.

Zarnett et al. (1987) reported on the cellular 
origin of regenerated hyaline-like cartilage after 
periosteal transplantation. They labeled perios-
teal grafts with 3H-thymidine before auto-trans-
plantation and assessed the cellular origin of 
the regenerated tissue using autoradiography. 
Thymidine-labeled cells were seen throughout 
the entire regenerated tissue, suggesting that the 
regenerated hyaline-like cartilage in the defects 
originated from the periosteum. However, these 
authors evaluated the regenerated tissue for only 
3 weeks after periosteal transplantation. Zarnett 

Figure 3. Typical light microscopic appearance (A, B) and fluorescent microscopic appearance (C, D) at 4 weeks after 
surgery. The arrow indicates the borderline between the repaired tissue and normal cartilage. The left side is repaired 
tissue.
A. The defect is filled with the regenerated tissue that has been well stained by safranin-O. The regenerated cartilage-like 
tissue reaches over the level of the surrounding articular cartilage (safranin-O, × 100). 
B. The deep layer of the regenerated tissue has chondrocyte-like cells that are surrounded by a well-stained matrix, and 
the superficial layer of the regenerated tissue contains fibroblast-like cells. The regenerated cartilage-like tissue integrates 
well with the surrounding tissue (safranin-O, × 200). 
C. and D. Most cells in the regenerated tissue are GFP-positive cells derived from the donor periosteum in the superficial, 
middle, and deep region of the defect (C: × 100, D: × 200). 

  A   B

  C   D
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et al. (1989) reported a second experiment with 
periosteal allografts transplanted from males 
into females, and karyotyping of the regenerated 
tissue. They concluded that the cellular origin of 
the regenerated tissue was both from the perios-
teal allograft and the pluripotential mesenchymal 
cells in the subchondral bone tissue. However, 
once again, they evaluated the cellular origin of 
the regenerated tissue for only 3 weeks after the 
periosteal graft. Also, only a limited number of 
cells in the regenerated tissue could be evaluated, 
and the procedure for evaluating the karyotype is 
complicated and technically demanding, although 
their technique was very skilled. 

One advantage of our study is that our experi-
ment is simpler than past experiments which used 
autoradiography and karyotyping. GFP-positive 
cells can be detected in the regenerated tissue with-
out any staining or other procedures, which makes 
it possible to reduce false-positive or false-nega-
tive phenomena when detecting the transplanted 
periosteal cells. Another advantage of our study is 
the possibility of assessing the cellular origin for 
longer time periods after periosteal transplanta-
tion, and we have been able to demonstrate that 
even at 8 weeks after surgery, the origin of cells in 
the regenerated tissue is the periosteal cells of the 
donor. This is new information. 

Figure 4. Typical light microscopic appearance (A, B) and fluorescent microscopic appearance (C, D) at 8 weeks after 
surgery. The arrow indicates the borderline between the repaired tissue and normal cartilage. The left side is repaired 
cartilage.
A. The defect is repaired with regenerated cartilage-like tissue which integrates well with the surrounding normal cartilage 
(safranin-O, × 100). 
B. The deep layer of the regenerated tissue also has chondrocyte-like cells that are surrounded by a well-stained matrix 
(safranin-O, × 200). 
C. and D. Most cells in the regenerated tissue are GFP-positive cells derived from the donor periosteum in the superficial, 
middle, and deep region of the defect (C: × 100, D: × 200). 

  A   B

  C   D
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Of course, our experimental procedure has some 
limitations. We could not assess the cellular origin 
in the regenerated tissues quantitatively. A quanti-
tative assessment would be necessary to evaluate 
accurately what percentage of cells in the regener-
ated tissue is derived from the donor periosteum. 
We believe that using GFP rats as the recipient 
animal will be necessary to evaluate the contribu-
tion of the recipient cells in the subchondral bone 
to the regenerated tissue. Another limitation is that 
we could only evaluate the cellular origin of the 
repaired tissue after periosteal transplantation for 
up to 8 weeks. Up to 8 weeks, the fluorescence of 
GFP rats was strong enough to permit detection 
of the GFP-positive cells without any false-nega-
tive phenomenon. After this, the GFP fluorescence 
gradually weakened, and our pilot study revealed 
that no GFP fluorescence was visible 6 months 
after transplantation.

Brittberg et al. (1996) and Driesang and Hun-
ziker (2000) reported poor results from transplanta-
tion of the periosteum in a rabbit model and a goat 
model, respectively. Brittberg et al. (1996) reported 
that in most successful experiments with periosteal 
grafting, the animals were adolescent and the peri-
osteum formed significantly less regenerated car-
tilage-like tissue when adult animals were used, 
because the number of mesenchymal cells which 
have chondrogenic potential in the periosteum 
and bone marrow decreases steadily with age. In 
our experiment, because we evaluated the cellular 

Figure 5. Fluorescent microscopic appearance of the 
border between regenerated tissue and the subchondral 
bone at 8 weeks after surgery. GFP-positive cells were not 
detected in the subchondral bone area below the regener-
ated tissue.

origin of the regenerated tissue using only ado-
lescent rats, there is a possibility that the repaired 
tissue in young animals is potentially better than 
in older animals. Further studies comparing the 
results between adolescent and adult animals will 
be necessary to determine whether this is the case.

Driesang and Hunziker (2000) reported that 
the patellar groove was most likely to experience 
delamination or slippage of the periosteal grafts. In 
our work, however, we could not find any delami-
nation or slippage of the grafts. 

In conclusion, we have demonstrated that, 
even at 8 weeks after transplantation, the origin 
of most cells in the regenerated tissue after peri-
osteal transplantation using adolescent animals 
is not the recipient cells, but the donor periosteal 
cells. Thus, creation of the most favorable con-
ditions for the grafted periosteum is important 
in order to facilitate successful cartilage repair. 

No competing interests declared. 
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