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Abstract

An experimental study was conducted to demonstrate macroscopic and microscopic healing offull thickness cartilage defects with mature
stable hyaline cartilage after autogenous tibia1  periosteal transplants in the knee joints ofpigs.

Similar full thickness osteochondral defects were created in the medial femoral condyles of both knees in 10 healthy young adult pigs.
Periosteal transplants were performed on the left knees and the right knees used as controls. Thepigs were sacrified  in twogroups  at 6 weeks
and 3 months. The knees were inspected for healing and stability of the graft. Microscopic sections were taken and evaluated using a
histological score developed by 0 ‘Driscoll.

Macroscopically, almost all defects with periosteal grafts healed with a translucent bluish-white colour  indicating articular cartilage
formation. There was good restoration of the bony contour andfilling  of the defects were superior to controls. Histologically, we were able
to demonstrate immature hyaline cartilage which matured at 3 months. The newly formed tissue was stable and well-incorporated. It had
almost complete bonding to the adjacent articular margin, good reconstitution of the osteochondral junction and a well maintained
structural integrity.

We concluded that periosteal transplants in the knee of a pig model healed with mature stable hyaline cartilage.
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Introduction

Articular  cartilage injuries to the knee are commonly
seen by team doctors, sports physicians and orthopaedic
surgeons. Despite many clinical as well as experimental
studies on the healing of such defects, the ability to
regenerate mature hyaline cartilage capable of with-
standing daily functional stresses in the knee remains a
utopian dream today. We have only had limited success
with small osteochondral defects.

There are many approaches to biologic resurfacing.
Osteochondral allograftsl-”  and autografts,2,5-9  perichon-
drall”,” and periosteal grafts,12-24  chondrocyte trans-
plants,2s,2h  mesenchymal cell transplants,27  subchondral
abrasion and microfracture2*  have all been extensively
studied.

In this experiment, we set out with the aim of

demonstrating mature stable hyaline cartilage after pe-
riosteal transplants for articular  defects in the knee joints
of pigs.

Materials and Methods

An experimental study with 10 healthy young adult
pigs was conducted. Each pig weighed between 30 to 35
kg. Under general anaesthesia and using aseptic tech-
niques, a medial parapatellar approach was performed
on both knees. Similar full thickness cartilage defects
were created in the weight bearing aspects of the medial
femoral condyles.  A dowel was used to create the defects
10 mm in diameter and 8 mm deep. In the left knee,
periosteal grafts were harvested from the upper tibia
with care taken to include the cambium layer. This was
stitched to the defect with4-0’  Dexon. The deep cambium
layer of the graft was superficial and facing the joint. In
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the right knee, the defects were irrigated and closed.
These served as controls.

Postoperatively, the pigs were kept in large individual
cages which allowed free movement and let out for half
hour walks three to four times a day. They were given
dry pellet food and water and covered with postopera-
tive ampicillin and cloxacillin.

ThereLwere  no wound infections. The pigs were able to
stand on all limbs bv 48 to 72 hours. Thev were walking
with a slight limp by the 5th to 7th days. At 2 weeks, the;
were walking normally. Unfortunately, 1 pig died on the
18th day from an unrelated cause (intra-abdominal sep-
sis).

Four pigs were sacrified  at 6 weeks and 5 pigs at 3
months. The knees were inspected for macroscopic heal-
ing. We looked at the size and filling of the defect, the
restoration of the contour, the colour and stability of the
graft. The margins were then inspected for incorpora-
tion into the surrounding articular cartilage.

TABLE I: HISTOLOGICAL GRADING SCALE

Particulars of study

Filling of defect:
125% (Above articular surface)
100% (At articular surface)
75% (At osteochondral junction)
50% (At subchondral level)
25% (At bone)oo/0 (None)

Score

1
0

1
2
3
4

Nature of predominant tissue:
Mature hyaline cartilage
Immature hyaline cartilage
Undifferentiated mesenchymal cells
Fibrous tissue

Reconstitution of osteochondral junction:
Yes
Almost
Not closed

Bonding to adjacent cartilage:
Bonded at both ends 0

Microscopic sections were taken and stained with
Haematoxylin and eosin (H&E), Periodic acid Schiff
(PAS), Alcian blue, Masson trichrome and Van Gieson.
H&E was the stain for routine light microscopy. PAS
stained glycogen and basement membrane. Alcian blue
was used specifically for acid mucopolysaccharides.
Van Gieson stained elastin tissue black and Masson
trichrome was used to colour collagen fibres green. An
independent scoring was performed by a histopatholo-
gist using the following parameters: Filling of the defect,
nature of predominant tissue, reconstitution of the os-
teochondral junction, bonding to adjacent cartilage,
matrix staining, cellularity and structural integrity (Ta-
ble I). An aggregate score was then determined for each
specimen. Each parameter and the aggregate score were
then statistically analysed against the corresponding
control knees using the Wilcoxon Rank Sum test.

Bonded at one end or partially at both 1
Not bonded 2

Matrix staining:
Normal
Reduced staining
Significantly reduced
Faint staining
No stain

Cells:
Normal
Diffuse hypercellularity
Cloning
Hypocellularity

Structural integrity:
Intact
Partially disrupted
Completely disrupted

0
1
2

Results

At six weeks, half the periosteal transplant knees
healed with good restoration of the bony contour and
level of the articular cartilage. Most healed with a trans-
lucent bluish white colour indicating articular cartilage
formation. On the other hand, the control knees re-
mained  uniformly depressed and healed with a pink
colour indicating granulation tissue and fibrocartilage
(Table II).

We evaluated the histological specimens using a grad-
ing scale developed by 0’ Driscoll (Table I). Immature
hyaline cartilage was demonstrated in two periosteal
transplant knees. The control knees healed with undif-
ferentiated mesenchymal cells and fibrous tissue. There
was also better matrix staining, good bonding to adja-
cent cartilage and diffuse hypercellularity in the perio-
steal transplant knees. Statistical analysis with the

Wilcoxon Rank Sum test was performed and the test
knees scored significantly better (Table III).

At three months, we again found that the periosteal
transplant knees healed with better restoration of the
bony contour (Fig. 1) and with a bluish white translucent
stable graft which resembled articular cartilage macro-
scopically. The controls however remained uniformly
depressed (Fig. 2) and predominantly with a pinkish
hue indicating fibrocartilage formation (Table IV).

Histologically, there was mature hyaline cartilage in
two periosteal transplant knees (Figs. 3a & 3b) and
immature hyaline cartilage in another two knees. Unfor-
tunately, one knee only had fibrous tissue as the pre-
dominant tissue. In the control knees, there were two
specimens with immature hyaline cartilage but undif-
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TABLE II: MACROSCOPIC FINDINGS AT 6 WEEKS

Periosteal test knees
-

Pig Incision Size of Shape of Colour Regenerated tissue Stability

group graft graft
Smooth Rough

Pl Healed 717  mm Circular Blue white Smooth Stable
P2 Healed 616  mm Circular Faint red Smooth Stable
P3 Healed 617  mm Oval Blue white Slightly rough Stable
P4 Healed 818  mm Circular Blue white Smooth Stable

Pig Relation Level of new tissue Restoration of contour

group to margin Elevated Level Depressed Complete Partial None

Pl Incorporated Level Almost complete
P2 Partial incorporated Depressed medially Partial
P3 Incorporated Level Almost complete
P4 Incorporated Partial depressed Partial

Control knees

Pig Incision Size of Shape of Colour Regenerated tissue Stability

group graft graft
Smooth Rough

-
Cl Healed 717  mm Circular Pink white Smooth Stable
c2 Healed 61.5  mm Oval Pink white Smooth Stable
c3 Healed 616  mm Circular Faint red Smooth Stable
c4 Healed 717  mm Circular Faint red Smooth Stable

- -

Pig Relation Level of new tissue Restoration of contour

group to margin Elevated Level Depressed Complete Partial None

Cl Incorporated Depressed None
c2 Incorporated Depressed None

c3 Incorporated Depressed None
c4 Incorporated Depressed None

TABLE III: HISTOLOGICAL SCORES AT 6 WEEKS

Periosteal transplant knees

Pig Filling of Nature of O-C junction Bonding Matrix staining Cells Structural Aggregate

group defects predominant tissue integrity score

Pl 3 2 2 1 1 1 1 1.71
P2 0 2 1 0 1 1 0 0.71
P3 3 1 1 0 1 1 1 1.14

P4 2 1 1 0 1 1 0 0.86

Mean score 2.00 1.50 1.25 0.25 1 .oo 1 .oo 0.50 1.07

Control knees

Pig Filling of Nature of O-C junction Bonding Matrix staining Cells Structural Aggregate

group defects predominant tissue integrity score
-

Cl 4 3 2 2 3 3 2 2.71
c2 3 3 2 2 3 3 2 2.57

c3 3 2 1 1 1 2 1 1.57
c4 4 2 1 2 2 2 0 1.85
Mean score 3.50 2.50 1.50 1.75 2.25 2.50 1.25 2.18
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TABLE III: contd.

Statistical analysis

Filling of defect
Predominant tissue
Reconstitution of O-C junction
Bonding
Matrix staining
Cells
Structural integrity
Aggregate score

0.100 ns
0.04 1 S

0.1128 ns
0.01 S

0.028 S

0.026 S

0.126 ns
0.026 S

ns: not significant; s: significant

Fig. 1. Mucrosc~~~rc  uppearancc  of a prrio.rteal  trnnsplanted  knee at 3 months There is
good fillmg of the defect  with  a M hite  stuhle  trunshunt  graft.

Fig.  2. Macroscopic uppeuranc  e of a control knee  af 3 month 5. There is a deep crater with
poor restoration of the bony  contour

ferentiated mesenchymal cells or fibrous tissue (Figs. 4a
& 4b) in the rest. There was better filling of the defect,
reconstitution of the osteochondral junction, matrix stain-
ing and cellularity in the periosteal transplanted knees.
Statistical analysis again showed that the periosteal
transplanted knees did significantly better (Table V).

January 1999, Vol. 28 No. 1

Fig 3a. Perlosfeal  transplant at 3 month.\.  There ic near complete  replacement of the
defect  wrth  u-regulur  mature hAvalrne  cartilage  (Haematoxvlln  arzd eosin  x20)

Fig. 3h  Periosteal transplant at 3 months High power view of the
cartilage  as shown 112 figure 3a  (Lfuematoxvlm  and eosin x100)

well formed hvallne

Discussion

The osteogenic capacity of periosteum has been docu-
mented ever  since the classical studies of Duhamel.2”
Other investigators30,31 have shown that the deep
cambium layer is responsible for bony regeneration in
fracture heaiing.  Harr?2demonstrated  that  this cambium
layer was able to differentiate into both bone and carti-
lage forming cells. This fascinating dual potential of
periosteum has since been confirmed by many investi-
gatOrS*15-23,33,31

Rubak,20 O’Driscoll15  and Salter35  have demonstrated
that free periosteal grafts with the cambium layer super-
ficial in the knee joints of rabbits healed with tissue that
resembled articular  cartilage. They concluded that con-
tinuous passive motion and not -immobilisation  were
vital to the chondrogenic ability of the transplanted
periosteum.

Clinical studies with follow-up arthroscopy have dem-
onstrated good healing of full thickness defects in the
femoral condyles  after autogenous tibia1 periosteal trans-
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Fig. 4~.  Control case at 3 months. The superficiul  portion of the defect is filled with
predommantly fibrous tissue. Some new’bone  andpreosseus  cartilage is seen m the depth
of the defect (Haemutoxvlm  and eosm  x20).

Fig 4b. Control case at 3 months.
4a (Haematoxylm  and eosin x40)

TABLE IV: MACROSCOPIC FINDINGS AT 3 MONTHS

Periosteal test knees

Htgh power wew of the fibrous tissue seen in figure

Pig

group

Incision Size of
graft

Shape of
graft

Colour Regenerated tissue

Smooth Rough

Stability

P6
P7
P8
P9
PlO

Healed
Healed
Healed
Healed
Healed

9/10  mm Oval Pink white Rough Stable
14 x 14 mm Circular Blue white Rough Stable
8x7mm Oval Blue white Smooth Stable
l l x l m m Circular Blue white Smooth Stable
8xlOmm Oval Blue white Smooth Stable

Pig

group

Relation
to margin

Level of new tissue Restoration of contour

Elevated Level Depressed Complete Partial None

P6
P7
P8
P9
PlO

Incorporated
Incorporated
Incorporated
Incorporated
Incorporated

Level

Level
Level

Partially depressed
Depressed at centre
Depressed

Partial
Partial

Partial
Partial

None

Control knees

Pig

group

Incision Size of
graft

Shape of
graft

Colour Regenerated tissue

Smooth . Rough

Stability

C6
c7
C8
c9
Cl0

Healed
Healed
Healed
Healed
Healed

818  mm
8x9mm
9x9mm
10 x 10 mm
8x7mm

Circular
Oval
Circular
Circular
Oval

Pink white
Pink white
Pink white
Pink white
Blue white

Smooth
Smooth
Smooth
Smooth
Smooth

Stable
Stable
Stable
Stable
Stable

plants. Niederman et all4 reported the use of glued
periosteal grafts for osteochondritis dissecans of the
medial femoral condyle  in 3 patients and osteonecrosis
of the lateral femoral condyle in one patient. Follow-up
arthroscopy was performed at 3,6 and 12 months. At one

year, the defects had healed well with stable cartilage-
like tissue and indistinct borders. Other studies utilising
MRI have also shown complete filling of articular  de-
fects.  Lorentzon et a136  reported the use of autogenous
periosteal grafts in full-thickness patellar cartilage de-
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TABLE IV: contd.

Pig Relation

group to margin
Level of new tissue Restoration of contour

Elevated Level Depressed Complete Partial None

C6 Incorporated Depressed None
c7 Incorporated Depressed None
C8 Incorporated Depressed None
c9 Incorporated Depressed None
Cl0 Incorporated Depressed None

TABLE V: HISTOLOGICAL SCORES AT 3 MONTHS

Periosteal transplant knees

Pig Filling of Nature of

group defects predominant tissue
O-C junction Bonding Matrix staining Cells Structural Aggregate

integrity score

P6 3 3 2 0 3 3 2 2.29
P7 1 0 0 0 1 1 0 0.43
P8 0 1 0 0 1 1 0 0.43
P9 1 1 0 0 1 1 0 0.57
PlO 1 0 0 0 1 0 0 0.29
Mean score 1.20 1 .oo 0.40 0.00 1.40 1.20 0.40 0.94

Pig Filling of Nature of

group defects predominant tissue

C6 3 2
c7 1 3
C8 2 1
c9 1 3
Cl0 2 1
Mean Score 1 .X0 2.00

Statistical analysis
P

Filling of defect
Predominant tissue
Reconstitution of O-C junction
Bonding
Matrix staining
Cells
Structural integrity
Aggregate score

ns: not significant; s: significant

0.0143
0.0046
0.0143
0.8174
0.0109
0.0109
0.8174
0.0086

Control knees

O-C junction Bonding Matrix staining Cells Structural Aggregate
integrity score

1 1 1 1 1 1.43
0 0 3 3 0 1.43

1 1 1 1 1 1.14
0 0 3 3 1 1.57
0 1 1 1 1 1 .oo

0.40 0.60 1.80 1.80 0.80 1.31

S

S

S

ns
S

S

ns
S

fects.  Thirteen patients were followed-up with repeat
MRI at one year which showed complete filling of the
defects. These-patients had good to excellent clinical
results.

In this study, we demonstrated that transplanted peri-
osteum was able to differentiate into immature hyaline
cartilage which matured at 3 months. The synovial fluid
environment in which the graft lies provide a source of
nutrition as well as possible chondrogenic factors to

stimulate this fascinating transformation. We believe
that articular  loading and mobilisation also helped in the
eventual formation of mature hyaline cartilage. The
newly formed cartilage was stable and well-incorpo-
rated. It had almost complete bonding to the adjacent
articular  margin, good reconstitution of the osteochon-
dral junction and a well maintained structural integrity.
Although mature hyaline cartilage was observed in only
40% of the periosteal transplant knees, the ability of
periosteum to remarkably change into mature hyaline
cartilage is indeed an amazing phenomenon. Chondro-
cyte transplantation under periosteal flaps may improve
this success rate and is the subject of ongoing clinical and
experimental trials.

In the control groups, the defects remained uniformly
depressed. The deeper aspects of the crater were par-
tially filled with a connective tissue which resembled
primitive mesenchymal cells, fibrous tissue and fibro-
cartilage. There were two control knees with immature
hyaline cartilage cells at three months.

January 1999, Vol. 28 No. 1
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Conclusion

Periosteal transplants to full thickness articular carti-
lage defects in the knee of a pig model healed with
mature stable hyaline cartilage. These results are en-
couraging although the long term durability of the graft
and its clinical correlation are unknown.

In future studies, we plan to do larger series with
longer follow-ups. Experimental work comparing the
different forms of biologic resurfacing and finally more
clinical studies must be performed to help understand
this fascinating field of cartilage regeneration.
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