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CHAPTER 1

General introduction
1.1

Articular cartilage: biology and structure

Cartilage is composed of chondrocytes embedded within an extracellular matrix. This
matrix is a complex arrangement of macromolecules including collagens,
proteoglycans, and noncollagenous proteins (1). These constituents keep the proper
amount of water inside the matrix in order to provide for the unique mechanical
properties. Sixty to eighty percent of the wet weight of cartilage is water. At least 90%
of the collagen present is collagen Type II. The rest consists of collagen Type IX, XI
and several minor collagens such as Types V, VI and XIV. Tissues consisting of high
amounts of collagen Type II all have high water and proteoglycan contents. This is
indicative of the interaction between the collagen and the proteoglycans to maintain a
hydrated matrix.
Proteoglycans exist as monomers or as aggregates joined to hyaluronic acid by means
of specialized link proteins. Because of the negative charges, proteoglycans are
hydrophilic and repel each other. In a collagen network, the proteoglycans are
compressed and only partially hydrated. In the process of damaging cartilage, the
damaged collagen fibers would allow the proteoglycans to expand and absorb more
water, causing the matrix to swell (2,3). Under compression, interstitial fluid flows out
of the permeable collagen-proteoglycan matrix. When the load is removed, fluid flows
back into the tissue. Because of the low permeability of articular cartilage this
provides for a shock-absorbing mechanism. Nutrition of the chondrocytes occurs by
diffusion. Fluid flow is important for nutrition of the chondrocytes. Chondrocytes are
responsible for matrix synthesis and turnover. In younger animals, chondrocytes
proliferate and divide rapidly. They synthesize high amounts of matrix. After skeletal
maturity, these processes slow down and the chondrocytes do not divide anymore.
11

Morphologically, articular cartilage is divided into four zones: a superficial zone, a
transitional zone, a deep zone and the zone of calcified cartilage (4,5). The superficial
zone is the thinnest and is composed of thin collagen fibrils aligned parallel to the
joint surface. The chondrocytes are inactive, elongated and directly subjacent. The
middle zone is thicker than the superficial zone and the cells are more spherical. The
collagen fibrils are not oriented in a parallel way. In the deep zone, the cells are
spheroidal, arranged in a columnar fashion. Here the collagen fibers, like the cells, are
oriented in a parallel fashion and perpendicular to the joint surface (1,6,7). In the zone
of calcified cartilage, collagen fibers insert into the calcified cartilage. This provides
for a mechanical transition and a good fixation from cartilage to bone.
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Immediately around the chondrocytes in the pericellular matrix there is very little
collagen, but many proteoglycans. Next to the pericellular matrix, in the territorial
matrix, the cells are surrounded by thin collagen fibrils that act as a protection zone for
the cells. In the interterritorial zone, the largest portion of articular cartilage is
organized along lines that enable it to perform its mechanical function.
Cartilage cells originate from mesenchymal cells that round off and multiply. The
dense cell mass of chondroblasts synthesize matrix and thereby separate from each
other. During the interstitial growth, chondroblasts and chondrocytes multiply and
form matrix. At a later stage, the matrix stiffens and growth stops, thereby giving the
chondrocytes their definitive position. During degeneration of cartilage, hypertrophy
of the cells is seen, cell clusters form, and the matrix calcifies. Cartilage cells die and
stop forming the necessary matrix.
12

Approximately 60% of the dry weight of the matrix of hyaline cartilage consists of
collagen fibrils. In fibrocartilage relatively more collagens are present. Here, a dense
network of collagen Type I fibrils exists. Histologically, hyaline cartilage can easily be
distinguished from fibrocartilage by using polarized light. Hyaline cartilage hardly
shows any birefringence, whereas the relatively thick collagen type I fibres in ..,, . , >
fibrocartilage show a clear birefringence.
^ ^ >v^

1.2

Articular cartilage defects
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Articular cartilage is a remarkable tissue. It can withstand an enormous amount of
intensive and repetitive physical stress. At first glance it seems inert and homogenous,
but a complex arrangement of different ingredients is responsible for maintaining its
unique mechanical properties. Articular cartilage can be damaged by a variety of
mechanical, microbiological and chemical agents. Malignment of the limb, previous
meniscectomies or instability of the knee can all negatively influence the quality of the
cartilage.
.• . ,.,--..
,
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Cartilage is vulnerable to traumatic injury or degenerative conditions that may
eventually lead to osteoarthritis. This seems to be particularly true in large weightbearing joints such as the knee. Unfortunately, the body is not equipped by
mechanisms that repair articular cartilage defects. Even the smallest injury does not
restore to normal.
Sometimes the repair tissue consists primarily of fibrocartilage. This is considered to
be an inferior tissue because it lacks the mechanical and structural properties of
normal cartilage. Fibrocartilage deteriorates over time, thereby allowing the symptoms
to recur. Severely symptomatic patients may be in need of a more permanent type of
operation such as total knee replacement in order to return to normal daily activities.
Especially in younger, more active patients, this type of surgery is not considered to be
the best treatment. A serious drawback is the need to revise the knee because of the
limited life span.
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1.3

Wound healing in articular cartilage
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The classic respons of the body to damage consists of a beautifully orchestrated series
of reactions (8). In short: at first there is a phase of necrosis of cells and removal of
damaged tissue, with the formation of a blood clot with various cells, hormones and
cytokines. In the next, inflammatory and granulation phase, transudation of fluid and
proteins will facilitate the forming of a dense fibrinous network, containing cells
capable of differentiating into repair tissue. In the last remodeling phase, the repair
tissue is invaded by vascular buds, creating a vascular granulation tissue and
eventually a scar or replicating cells. In most tissues, repair tissue shows fibrotic
changes. Only in a few cases, the original tissue is regenerated.
•"
In cartilage these processes are different. Cartilage is an avascular and aneural tissue
(8). The inflammatory and reparative aspects that the vascular system provides for are
not available to cartilage. In cartilage, the damaged tissue will not be removed by
granulocytes and macrophages.The chondrocytes are captured within the collagen
network and they are not capable of migrating to the injury site. In a full thickness
injury when the subchondral bone is affected, the mechanism of healing by way of the
vascular system applies (8-12). The deeper portions of the cellular mass form bone,
thereby restoring to some extent the subchondral plate. The reparative tissue in the
cartilage defect undergoes metaplasia to a hyaline-like chondroid tissue. The original
structure of the cartilage tissue is not restored and different amounts of Type I and II
collagen are present. The proteoglycan content decreases significantly and the
tangential collagen layers of the superficial zone fail to appear. This fibrocartilage
does not have the same mechanical properties as the original cartilage and in the
border zone between the original and repair tissue, vertical shear stresses are high.
Defects smaller than 3 mm have a natural ability to heal completely (9). In young,
immature animals, the repair tissue is of a better composition. Whenever the repair is
insufficient, degeneration of the joint will occur.
Already in 1743 Hunter observed that cartilage, "once destroyed, is not repaired".
Until now many research has been focused on repairing articular cartilage defects. A
major drawback in most studies is the lack of controlled, prospective randomized
studies comparing the outcomes of the various methods of treatment. Many techniques
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have already been described. The short-term results are nearly always promising, but
the long-term results have hardly been reported.
Most techniques used up to date have been only partially successful; pain subsides and
mobility increases, but often the results are only to a limited extent and last only
temporarily.

1.4

Short survey of repair techniques

During the last years, several techniques of biological resurfacing have emerged.
These can at best eliminate or at least delay the need for an artificial joint prosthesis.
Some of these techniques act by stimulating marrow constituents to emerge from the
subchondral bone; primitive stem cells are capable of differentiating into bone and
cartilage. Examples are: drilling, abrasion burr arthroplasty, spongialization and
microfracture. Details of various techniques are described in the next chapter.
Another form of restoring articular cartilage is by transplanting osteochondral
allografts, or performing a mosaicplasty in which osteochondral autogenous grafts are
transplanted from a non weight-bearing area of the knee to the lesion. Drawbacks here
are the transformation of a chondral lesion into a osteochondral one, and in the case of
an osteochondral allograft the concommitant risks of transmitting infectious diseases.
Autologous chondrocytes can also be harvested, cultured, and then implanted in the
defect. A periosteal flap needs to be sutured over the defect in order to captivate the
chondrocyte suspension. Again, short-term results are promising, but long-term results
will have to be awaited.
Other possible means of obtaining viable cartilage are grafting with perichondrial or
periosteal tissue. This technique was first used in smaller joints such as the metacarpal
and metaphalangeal joints. In the knee, the fixation of the graft seems to be a bigger
problem than in the hand.
Fixation problems either from cells or from perichondrium were addressed by adding
a scaffold. Ideally, this had to be a biodegradable, strong and inert material that did not
negatively interfere with growth and differentiation of the cells in its environment.

15
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CHAPTER 2

Methods of biological repair
In general, factors that can predispose for degenerative disease are for example
malalignment of the limb in varus or valgus, instability of the knee or meniscal
pathology. These factors can negatively influence the quality of the cartilage. The first
step in preventing further damage to the cartilage is to correct these abnormalities.
In order to achieve satisfactory results in repairing cartilage, the two main
shortcomings of articular cartilage will have to be corrected: new cells will have to be
provided and a useful matrix must be able to form.
Many methods have been used with varying results in animal and human studies. The
results have been studied with various methods and grading systems. Comparison of
the different techniques is difficult, especially if the follow-up is different. Long-term
results may mean as much as 15 to 25 years follow-up.

2.1

Osteotomies

Limb malalignment is a significant predisposing factor for focal degenerative lesions
of the articular surface. Excessive load of one compartment through varus or valgus
malalignment leads to an increase in wear. The loads on the damaged cartilage can be
changed by performing an osteotomy. Symptoms decrease and the joint reaction force
is directed to the healthy part of the knee. The relief is only temporary and partial, with
results lasting approximately 5 years. This technique is reserved for those patients
thought to be to young for joint replacement, with a still healthy contralateral
compartment in the knee (13,14). Osteotomy with subsequent subchondral drilling
yields better results compared to osteotomy alone, but after 2 to 9 years the differences
disappear (15).

17

2.2

Shaving of fibrillated or damaged cartilage
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Some cartilage defects can create mechanical problems by formation of unstable flaps
or by extensive fibrillation. Symptoms can be locking, catching or crepitus. Synovitis
or joint effusion is induced by cartilage debris. Debridement can decrease the
mechanical and inflammatory symptoms, but there is no evidence that shaving
stimulates repair. In the process of shaving, loose rims or irregular surfaces are f; •„• f /
smoothed. The subchondral bone is left intact.
The repair tissue resulting from these techniques is more or less disorganized
fibrocartilaginous tissue. The amount of collagen Type I will increase and this will
have a negative impact on the biomechanical properties of normal articular cartilage
(16). The relief is temporary unless an additional operation is performed to correct the
underlying abnormality that caused the defect in the first place. Procedures are for
instance the correction of the patellar alignment or a tibial osteotomy to correct a varus
deformity with a medial compartment involvement (12,17,18).
In 1990 Timoney et al. debrided arthroscopically 109 patients for degenerative
osteoarthritis. They found that this treatment offered measurable relief for 63% of the
patients for a significant period of time, although results tended to deteriorate with
time (19). In 1991 Kim et al. found that shaving of partial-thickness defects in rabbit
patellae did not heal; the underlying cartilage degenerated even further. When
subchondral abrasion was performed, hyaline-like tissue formed. This healing was
enhanced by continuous passive motion for two weeks post-operatively (18).

2.3

Penetration of the subchondral plate

By penetrating the subchondral bone, a pathway is created for the vascular
constituents. All elements necessary for a classical wound healing respons are then
introduced. These treatments attempt to utilize primitive stem cells, which are capable
of differentiating into bone and cartilage. The fibrin clot containing the pluripotential
stem cells remodels, resulting in a fibrocartilaginous repair tissue. Different techniques
that apply to this mechanism are: drilling multiple holes, microfractures,
spongialization and abrasion of a few millimeters of the subchondral plate. Pridie was
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the first to describe drilling techniques in 1959. The area of the defect is drilled in pinpoint fashion to penetrate the vascularization of the subchondral bone, resulting in
fibrin clot formation. The repair cartilage which subsequently fills the drill holes has
been shown to include both hyaline and fibrocartilage (20).
In 1988 Dzioba performed drilling of the subchondral bone plate. After two years,
69% of the results were good. The best indications for this technique were acute small
to medium partial thickness lesions on the weight-bearing portion of the femoral
condyles(21).
In the microfracture technique, the subchondral bone is exposed, gently abraded but
left intact, while the adjacent cartilage is debrided to healthy cartilage. The
subchondral bone surface is then broached using small picks so that it communicates
with the marrow, and clot formation is stimulated. Blevins et al. reported in 1998 the
results of microfracture treatment in 140 high-level and recreational athletes with
comparable lesions and follow-up. Significant improvements in function and
symptoms from time of microfracture to the final follow-up of 4 years were noted.
These results were similar for the competitive and recreational athletes (22).
Since 1975, spongialization was performed by Ficat et al. This procedure resects, en
bloc, all of the diseased cartilage with its corresponding subchondral bone, leaving a
completely exposed cancellous bony bed. This procedure was thought to be superior
to drilling alone since the subchondral plate itself is abnormal and often of poor
quality, dense and ischaemic. In addition a depression was created in which the new
tissue could regenerate without the adverse effect of weight-bearing load imposed by
the opposite cartilage surface. Another reason for removing the subchondral plate was
the elimination of the source of the pain, since the subchondral bone is well innervated
and sensitive to pressure transmitted by softened cartilage (23). Using spongialization,
the authors reported good or excellent results in 79% of the patients.
Abrasion arthroplasty involves debriding the articular defect to a normal tissue edge so
that fresh collagen capable of binding to a fibrin clot is exposed. The surface of the
subchondral bone is then exposed and superficially penetrated. A blood clot is formed
on the surface of the subchondral bone. Johnson and Dandy reported arthroscopic
abrasion arthroplasty with somewhat unpredictable results. In the more favourable
19

cases, the results were only temporary. Most studies reported a hyaline-like cartilage,
but deterioration over time with changes to fibrocartilage occurred (24).
., ,,,
Another study comparing abrasion burr arthroplasty with subchondral drilling was
performed in rabbits by Menche et al. in 1996 (165). In the case of drilling, small bunholes are made in the subchondral bone. Degenerative changes in the cartilage surface
were observed with both treatments. Rabbits undergoing subchondral drilling had
increased fibrocartilaginous healing with time, with a light increase in degenerative
changes. With burr arthroplasty, there was a significant decrease in cartilaginous
coverage of the exposed surface as well as a progressive increase in degenerative
changes.

2.4

Osteochondral grafts
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Allografts
The long-term viability of any chondral graft depends on the structural integrity of the
matrix and the contact with the underlying bone. In osteochondral grafts, this
structural integrity is provided for. An important advantage of this technique is the
fact that the graft can be taken from approximately the same site as where the
recipient's defect is. This provides for a graft with exactly the same thickness, contour
and compliance. A major disadvantage is the risk of transmitting an infection like
hepatitus or the human immunodeficiency virus. To eliminate the risk to a major
extent, freeze drying of the osteochondral graft can be performed. This reduces the
immunogenicity, but also decreases the viability of the transplanted chondrocytes
(25,26).
Czitrom et al. demonstrated in 1990 the ability of articular cartilage in fresh
osteochondral allografts to survive after transplantation in humans. Biopsies were
labeled radio-actively and studied by autoradiography (27).
In 1992, Mahomed et al. reported on 92 fresh osteochondral allografts in 91 patients.
Unipolar grafts, which involve only one surface of the compartment, and bipolar
grafts which involve both surfaces, were used. The unipolar grafts had a lower failure
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rate at all periods compared to bipolar grafts, with 75% survival at 5 years, 69% at 10
years and 67% at 14 years (28).

Autografts
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Some advantages of autografts over allografts are that the transmission of disease is
not present and the viability of the chondrocytes is high. Disadvantages are the limited
supply of autogenous tissue, the adverse effect on joint function, and the difficulty of
matching the topology of the donor graft to the defect site. The donor grafts are
usually taken from areas of the joint less important for joint function, for example the
lateral edge of the lateral femoral condyle, or from around the intercondylar notch.
Multiple osteochondral arthroscopic transplantation (mosaicplasty) was first reported
by Matsusue et al. Second-look arthroscopy demonstrated an excellent fill with a good
clinical outcome after three years (29). Hangody et al. reported a follow-up of more
than three years showing good or excellent results in 91% of the patients. The donor
sites were filled with cancellous bone and fibrocartilage as seen during second-look
arthroscopies. No donor site morbidity was experienced (30,31). Drawbacks of this
technique are the difficulty of matching the donorgraft to the recipient's site, and the
differences in the structure, thickness and compliance of the different cartilage sites.

2.5

Chondrocyte transfer

Different studies have reported the technique of transplantation of chondrocytes,
either from animals or humans, from articular cartilage or epiphyses (32). In order to
obtain sufficient numbers of chondrocytes, cells were cultured and transplanted into
the defect. In the proliferative stage taking place during the first 4 weeks, the number
of chondrocytes increase and small amounts of extracellular glycosaminoglycans are
produced. Between 4 and 8 weeks, the maturation stage takes over and cartilage is
formed. The cells differentiate and the rate of proliferation decreases. The rate of
matrix synthesis correspondingly increases. In the final transformation stage which
takes place between 2 and 6 months after transplantation, vascular elements proliferate
and penetrate the subchondral portion of the implant (33).
21

In 1994, Brittberg et al. performed a study with this technique in patients. Cartilage
was harvested (either open or arthroscopically) from a minor load-bearing area on the
upper medial femoral condyle. The cartilage was sent to the laboratory where it was
minced, enzymatically digested to separate cells from matrix. Cells were cultured in a
medium and expanded. Two weeks later the cells were reimplanted under a periosteal
cover fixed by sutures. The periosteal patch served as a watertight seal and acted as a
protective semipermeable membrane. The subchondral plate was cleaned but not
penetrated. Post-operatively, weight-bearing gradually started after 2 to 3 months.
After three months, arthroscopy showed that the transplants were level with the
surrounding tissue and spongy when probed, with visible borders. Two months after
surgery, 87% had good results (34). Collagen typing of the newly formed cartilage
was not performed.
As in the majority of the clinical studies, a drawback of this study is that it is not a
controlled, randomized clinical study. The natural history of articular cartilage defects
can be similar to debridement, drilling or other transplantation methods. Another
important issue is the absence of collagen typing, which provides important
information concerning the type and quality of the repair tissue. As to this moment no
negative results have been published, though one has to keep in mind that this
technique still is very young.
In 1997, Breinan et al. published the results of the effects of cultured autologous
chondrocytes on repair of chondral defects in a canine model. In one group, cultured
chondrocytes were implanted under a periosteal flap. In the second group, the defect
was covered with a periosteal flap but no autologous chondrocytes were implanted. In
the third (control) group, the defects were left empty. The defects were analyzed after
twelve and eighteen months. No significant difference among the three groups with
regard to any of the parameters used to assess the quality of the repair could be
detected. In the two groups in which a periosteal flap was sutured to the articular
cartilage surrounding the defect, the articular cartilage showed degenerative changes
that appeared to be related to that suturing (170).
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2.6

Mesenchymal stem cells
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Chondrocytes develop according to their topographic location in the host. This can be
explained by the apparent control that the microenvironment has on cellular
differentiation and phenorypic expression (33). The use of undifferentiated stem cells
would allow greater adaptation to the microenvironment than mature cells (35,36).
The resulting tissue resembles more the original, native tissue. A disadvantage of this
technique is that the number of pluripotential stem cells present in a host declines
rapidly with older age (35). In theory this technique is a promising one. It is in the
very first stages of development and more has to be learned before this can be applied
to humans.

2.7

Periostea! grafts

A number of experimental and clinical studies have shown that free periosteal and
osteoperiosteal grafts can regenerate articular cartilage (37). The highest chondrogenic
potential was seen from periosteum from the iliac crest. Within the tibia, the upper and
middle zones of the proximal region were similar and were slightly better than the
lower proximal tibia or the distal tibia (38).
;
; ':r,
O'Driscoll and Salter showed the chondrogenic potential of autogenous periosteal
grafts under the influence of continuous passive motion and demonstrated durability
of the regenerated surface after 1 year (39). The authors observed that the results were
significantly worse when the orientation of the periosteal graft was reversed (when it
had been sutured into the defect with the cambium layer of the graft facing the
subchondral bone) or when no periosteal graft was used. They also proved that 4
weeks of continuous passive motion resulted in more Type II collagen inside the graft
as compared to 2 weeks of continuous passive motion, intermittent active motion or
total immobilization (40,41).
. ...
Moran et al. noted abnormalities in the arrangement and distribution of Type II
collagen. Also evidence of chondrocyte degeneration in the neocartilage was observed
(42). In some studies fibrin sealant was used to secure the periosteal graft to the
underlying bone. In most studies, hyaline-like tissue was found.
23

2.8

Perichondrium grafts
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Another source of stem cells for cartilage is perichondrium. A major advantage is that
the cells naturally reside in the perichondrium and thus this natural scaffold can be
fitted in the defect. Another advantage is that there is no morbidity in the knee
associated with the use of articular cartilage, like in the use of osteochondral grafts or
chondrocyte transfer. Some difficulties of attaching the perichondrium to the
underlying bone occurred (43). The contact between the graft and the subchondral
bone should be intimate. Some work has been done to study the fixation of the graft
by using fibrin glue (44-48). Perforation of the perichondrium also minimized the
chance of loosening of the graft. Chapter three deals with the history of the use of
perichondrium in detail.

2.9

Artificial scaffolds

When articular cartilage is damaged, changes take place in the subchondral bone.
Sclerotic changes of the subchondraJ bone as seen in osteoarthritis impair its function
as a proper receiver of the load transmitted by the cartilage (1,49). Cartilage can only
partially absorb the load itself. The function of articular cartilage is to transmit load to
the subchondral bone. Whenever the subchondral bone is not capable of receiving the
load properly because it is too sclerotic, attempts to repair or regenerate articular
cartilage are likely to fail.
Synthetic and biological scaffolds have been introduced, for example, to provide a
basis for a perichondrial graft or for an initial framework for cultured chondrocytes.
These chondrocytes are then stabilized in the defect and take their spatial position
within the repair tissue before they synthesize collagens and proteoglycans. Scaffolds
can also be used as carriers for various growth factors and other bio-active molecules.
They should preferably also be able to resist the osmotic pressure by proteoglycans
and the very high loads that articular cartilage is subjected to. Many substances have
been investigated, including fibrinogen-based materials, polytetrafluoroethylene
(ptfe), collagen gels, carbon fiber pads, and polylactic and polyglycolic acid meshes
(50-55). Whenever a scaffold is implanted, it will take a few days to weeks for new
cells to fill a cartilage defect and it will take several months for this tissue to mature
24

and differentiate into hyaline articular cartilage. Scaffolds should preferably be
biodegradable, also within articular cartilage, and they should not influence the
differentiation of stem cells into chondrocytes or osteoblasts. A proper scaffold should
at best have disappeared completely before maturation is complete. Otherwise
remnants of the degrading scaffold may weaken the tissue and result in new damage to
the joint.

25
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CHAPTER 3
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History of perichondrial arthroplasty
The potential of perichondrium to form cartilage was first documented by Tizzoni in
1878 and confirmed by Marchand, Matsuoka, Mori and Malatesta 25 years later. In
the 1930's, the formation of fibrocartilage was mentioned, but clinical application
went unrecognized for a long time (56,57).
This changed in 1972 when Skoog and Ohlsen reported the use of rabbit
perichondrium which was stripped away from the ear cartilage and raised as a flap.
There was progressive regeneration of cartilage originating from the perichondrium
(58). In 1975, the same group investigated the exact origin of the newly formed
cartilage in rabbits. They found that the deep surface of the perichondrial flap formed
the cartilage. The effect of a hematoma as a matrix for this growth was evident (59).
Ohlsen found in 1977 that, when implanted into different regions of the body,
perichondrium produced cartilage in the presence of blood. He transplanted free
perichondrial flaps to the subcutaneous tissues in the neck, to the muscles of the back
and to the parenchym of the liver. Free perichondrial grafts were used clinically in
deformities of the human ear, and experimentally in the trachea of dogs and in
articular cartilage defects in rabbits (60).
In the same year, Wasteson and Ohlsen labeled the newly formed tissue in rabbits with
["S] and showed that this tissue contained chondroitin suphate. Thus, the newly
formed tissue showed a biosynthetic capacity displayed by all cartilaginous tissues
(61).
In 1978 Tajima et al. used rib perichondrium to treat temporomandibular ankylosis in
6 patients. The preliminary results were excellent and after 1,5 years no radiographical
evidence of marginal calcification was seen (62).
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Engkvist and Skoog reported in 1979 on the cartilaginous potential of perichondrium
in rabbit ear and rib. Rabbit perichondrium from the rib appeared to have a greater
cartilaginous potential than that from the ear both in vivo and in vitro. In an
experimental study in rabbits they produced an articular defect in the glenoid surface
of the humero-scapular joint. Auricular perichondrium was grafted with the active
chondrogenic layer of the perichondrial graft facing the joint cavity (63,64).
Regeneration of cartilage occurred in 12 out of 14 rabbits. The same procedure was
performed in adult dogs in which the articular cartilage of the patella was excised
completely. In all 13 dogs regeneration of cartilage took place. Slight degenerative
changes were seen after 12 months and the grafts could not resist considerable
i
pressure forces.
Again it was proven, using the technique of tritiated thymidine, that mitotic activity
was found in the superficial zone of the regenerated cartilage indicating that the
proliferation of cells was initiated from the perichondrium.
Maruyama demonstrated in 1979 that the chondrogenic activity of perichondrial grafts
was influenced by age and the blood supply to the perichondrium in rabbits. Pedicled
perichondrial grafts performed better than free grafts. In older rabbits less activity in
creating new cartilage was seen and the duration of time to mature was more
prolonged than in young rabbits (65).
In the same year Upton et al. investigated the newly formed tissue. The neocartilage
was composed of sufficient amounts of chondroitin sulfate: histologic appearances
ranged from hyaline cartilage to fibrocartilage to fibrous tissue. The ability of cultures
of perichondrocytes to synthesize chondroitin sulfate under serum-free conditions was
evidence that these cells were unlike fibroblasts and more like chondrocytes in their in
vitro behavior (66).
Engkvist and Johansson used this technique in 1980 to reconstruct smaller joints such
as the carpometacarpal and metacarpophalangeal joints in the plastic surgery setting
(67). The poor results in these joints were thought to be caused by high strains on the
joints, the presence of rheumatoid arthritis, ankylotic joints before the operation and
extensive soft tissue loss. They concluded that the cancellous bone had to be exposed,
thereby offering the graft a vascularized bed. Immobilization post-operatively had to
be maintained for two weeks in order to allow vessels to grow in. Sully and Jackson
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grafted rheumatoid metacarpophalangeal joints in patients and used silastic spacers in
the joints. The major technical problem was the production of planar, rather than
0
concavoconvex joint surfaces. The flat silastic spacer had a considerable influence in
moulding the final shape. After this, they changed the spacer into a more shaped one.
They were unable to produce a significant amount of actual cartilage from the
i
perichondrial grafts. Indications for the procedure in rheumatoid arthritis were limited
since loss of articular cartilage was not a primary feature of the disease, but rather
arose secundary to synovial proliferation and bony erosion, leading eventually to
articular collaps. Of interest in the last two studies was that patients who underwent it
replacement arthroplasties in the other hand preferred the natural feel of the M • ^ r^Jit
perichondrioplasties (68).
Kon stated in 1981 that the transplants had to be fixed with the chondral side facing
the joint. The other side contained the vascular network and revascularization of these
capillaries from the subchondral bone contributed to the survival of the graft and its
acceptance. The neocartilage of younger rabbits was slightly thicker than in adult
rabbits, but in the latter the cells were more mature (69).

Ohlsen and Widenfalk grafted 39 rabbit knees in 1983 with perichondrium. The graft
was fixed to the subchondral bone with fibrin glue and they found that no vascular
proliferations penetrated the glue. They concluded that the graft was nourished from
the synovial fluid only (70).
•.• ••••<
In 1984, Coutts et al. reported that best growth from rib perichondrium of a rabbit was
achieved when the fixation of the graft was secure and with complete conformity to
the recipient's bed. Immobilization enhanced the fixation of the graft, but also
permitted fibrous growth onto the graft (71). Seradge et al. in the same year stated that
perichondrial resurfacing arthroplasty should be considered contraindicated in the
treatment of patients with a history of pyarthrosis, systemic diseases with joint
involvement, concomitant tendon reconstruction, and in patients over 40 years old
(72).
The post-operative time for fixation of the perichondrial graft was reduced from three
to one week by using fibrin glue. Widenfalk et al. found in 1986 the same results
regarding graft healing and cartilage regeneration (73).
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Woo et al. studied in 1987 the shear modulus of neocartilage in rabbits. It appeared
that in the first 6 weeks, continuous passive motion applied intermittently for 2 weeks
enhanced the formation of quality neocartilage. The magnitude of the complex shear
moduli was higher than in the animals that were not subjected to continuous passive
motion. The differences disappeared when longer time periods were considered (74).
Amiel et al. in 1988 found early formation of relatively large amounts of
glycosaminoglycans in the neocartilage derived from perichondrial grafts. A steady
increase in the proportion of type II collagen was observed 6, 12, 18, 26 and 52 weeks
after grafting in rabbit knees (75).
;
Bruns et al. reported in 1992 that the newly formed cartilage from rib perichondrial
transplants in sheep knees showed synthesis of proteoglycans and glycoproteins.
Enzyme histochemistry for alkaline and acid phosphatase activity showed positive
reactivity only at the base of the transplant (44). In 1993, the fixation of the graft was
studied by comparing fibrin glue and collagen sponges. Histology revealed a
subchondral transition zone similar to enchondral ossification following fixation with
fibrin glue, whereas in cases with collagen sponge fixation, a broad zone of fibrous
tissue was visible. Besides this, foreign-body giant cell formation was detectable after
the use of collagen sponges. From this study it was concluded that fibrin glue was
necessary and safe for perichondrial graft fixation and the following immediate postoperative mobilization.
Homminga et al. reported in 1989 that in 26 out of 30 rabbit knees, fixation with fibrin
glue proved to be adequate. The perichondrium developed macroscopically and
histologically into normal hyaline cartilage (46). In a different study, the same group
found no immunologic reaction after transplanting a rabbit costal perichondrial graft
to an articular cartilage defect in a sheep knee. After 12 weeks cartilage was formed
with increased calcification of the basal layer and a mean of 74% collagen type II was
found (48).
In 1990, Bulstra et al. reported on the presence of glycosaminoglycans normal for
hyaline cartilage in human perichondrial explants cultured for 7 or 10 days. The
perichondrial cells differentiated towards chondrocytes and new matrix substances
normally present in hyaline cartilage were produced (47).
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In chapter 5, 6, 9 and 10, the clinical results of perichondrial arthroplasty in humans
are shown. After approximately one year, most patients were satisfied with the result.
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CHAPTER 4

Aims of this thesis
In this thesis the results of the rib perichondrial arthroplasties as performed in over
150 patients in the University Hospital Maastricht were critically evaluated. The
primary results of the perichondrial arthroplasty were followed and patients were
regularly examined. An important question was why some patients did so well while
others did not. The question arose whether this was due to an improper patient
selection or to a failure of the technique.
Already in an early state fixation problems of the graft were noticable. Solutions for
this problem were sought and again the quality of the newly formed cartilage from the
perichondrial transplant was assessed.
The quality of the subchondral bone deserved special attention. It is well-known that
this part of the bone carries the loads transmitted by the cartilage. It is also important
for the strong fixation of the cartilage. Defects in the subchondral bone predispose for
degenerative disease. Attempts were made to improve the basis for the perichondrium
graft by using a biodegradable, biocompatible polymer called Polyactive™.
Calcification of the graft was also a problem when this technique was first used. A
study with Polyactive™ was done because this polymer can act as a barrier for the
calcification originating in the subchondral bone.
An important aim of this thesis was the formulation of the best criteria for performing
a perichondrial arthroplasty. This was done by critically evaluating all patients
operated on up to now.
Finally, the question was investigated whether this technique was superior to the
already established techniques of addressing articular cartilage defects. A comparison
was made between perichondrial arthroplasty and debridement and drilling of the
subchondral bone in patients complying to the same inclusion criteria.
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CHAPTER 5

Perichondrial grafting for cartilage lesions of the knee
G.N. Homminga, S.K. Bulstra, S.J.M. Bouwmeester, A.J. van der Linden

The Journal of Bone and Joint Surgery, British Volume, 72-B: 1003-1007, 1990
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SUMMARY
Twenty-five patients with 30 chondral lesions of the knee were treated with an
autogenous strip of costal perichondrium. The graft was fixed to the subchondral bone
with Tissucol (Immuno,Vienna), a human fibrin glue. The leg was then immobilised
for two weeks followed by two weeks of continuous passive motion. Weight-bearing
was permitted after three months.
The mean knee score changed from 73 before operation to 90 one year after; in 14
patients evaluated after two years there was no decrease. In 28 cases the defect was
completely filled with tissue resembling articular cartilage. We conclude that in most
cases perichondrial arthroplasty of cartilage defects of the knee gives excellent results.
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INTRODUCTION

- " •'
•

With the increasing use of the arthroscope, chondral lesions of the knee are being
diagnosed more frequently (21,24,77-79). Until recently, treatment was limited to
abrasion and drilling of the subchondral bone, resulting in repair tissue which is *•;<'*#
fibrocartilaginous (12,20,80). Perichondrium, taken form the cartilaginous part of a
rib, can develop into normal hyaline cartilage when placed in a joint (63,81). Woo et
al. (1987) demonstrated that this newly-formed tissue had the same visco-elastic
properties as hyaline cartilage, and Amiel et al. (1988), one year after perichondrial
grafting, found neocartilage with histological and biochemical qualities similar to
those of normal articular cartilage (74,75).
In clinical practice this method of arthroplasty has been successfully used in many
other joints (62,67,68,81-84). Nearly all these studies dealt with small joints in which
the whole articular surface was reconstructed. Perichondrial grafting of large full
thickness lesions in larger joints, like the knee, seemed to be a problem because a
biological method of graft fixation was not available. Widenfalk et al. (1986)
however, used fibrin glue for fixation; this is non-toxic, non-allergic and
biodegradable. It has a low initial adhesive strength, but this increases rapidly (73).
We have used this method successfully in the rabbit knee (46) and we now report our
results in patients.

PATIENTS AND METHODS
From November 1986, patients with a symptomatic cartilage lesion of the knee were
treated with an autogenous costal perichondrial graft. They were selected after
diagnostic arthroscopy and those with radiological and arthroscopic evidence of
arthritis were excluded. Most of the patients had been treated conservatively first, and
the mean time between the onset of symptoms and operation was 37 months (range 2
to 144). Thirty cartilage lesions were treated in 25 patients: 12 right and 13 left knees
in 20 men and five women. The mean age at the time of operation was 31 years (range
18 to 45). Ten lesions were of traumatic origin; three were from osteochondritis
dissecans which had been treated unsuccessfully by drilling, and in five,
chondomalacia was the supposed cause of a cartilage lesion of the patella. In seven
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cases degeneration of cartilage had taken place; in two of these there was
chondrocalcinosis, but in five the cause was not identified. Eleven patients had had
operative treatment previously, mainly consisting of removal of degenerated cartilage
and drilling of the underlying bone. Lateral releases had been performed in three cases
of chondromalacia patellae.
We studied the type of lesion, its location, any fibrillation or flap tears, exposure of the
bone and extent of the lesion. If necessary a hook was used to assess whether the
i,;
chondral lesion extended to the underlying bone. All 30 lesions were classified
n
according to Bauer and Jackson (1988) and are listed in Table I (79). Most were
situated in the anterior and lateral intercondylar regions of the medial femoral condyle,
or in the medial and central areas of the patella (Table II).
, .<.:
-:.
Table I.
Classification of the 30 cartilage lesions,
according to Bauer and Jackson (1988)
Type of lesion
Number
I
Line crack
0
0
II
Stellate fracture
Flap
III
4
IV
Crater
6
V
Fibrillation
12
VI
Degrading
8

_:

Table II.
Locations of the 30 cartilage lesions
Location
Number
Medial femoral condyle
15
Patella
11
Lateral femoral condyle
3
Intercondylar groove
1

;. .

The size of the perichondrial grafts varied from 1 to 5 cm" (mean 2.13 cm"). In two
cases a ruptured anterior cruciate ligament was diagnosed; it was associated with signs
of instability. Before operation anteroposterior, lateral and axial radiographs of the
affected knee were taken; in seven, osteophytes were present.
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Technique. General anaesthesia is used and the affected leg is exsanguinated.
si
Through a medial parapatellar incision the knee is opened and the patella dislocated ..
laterally. The chondral lesion is identified and cleaned as far as the subchondral bone.
The lesion is extended into the sound surrounding cartilage, creating a sharp border .„
with a vertical edge.
a•iSiSiV.;-
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An oblique incision is made over the lower part of the left side of the chest. The fascia
of the rectus muscle is split transversely and the muscle in the line of its fibres. A
piece of perichondrium is dissected from the cartilaginous part of one of the lower ribs
and removed together with its chondrogenic layer. The graft is cut to match the size of
the defect; it is sometimes necessary to use two pieces of perichondrium.
Tissucol, a human fibrin glue, is prepared by mixing fibrinogen (70 to 110 mg/ml)
with aprotinin (3000 KIE/ml) and thrombin (4 IE) with calcium chloride (40 mmol/1).
After heating these mixtures to 37°C they are brought together and applied to the
defect. The perichondrial graft is placed on the subchondral bone with the chondral
side facing the joint; it is firmly pressed to the underlying bone with a wet gauze for
one minute.
After closing the wounds, a Robert Jones bandage is applied and also a dorsal plaster
slab. Two weeks later continuous passive motion is started; for grafted lesions of the
patella or the intercondylar groove, flexion is restricted tot 30°. From the fourth week
onward the patient is allowed to walk with crutches without putting weight on the
affected leg; active movements are encouraged. Weight-bearing is permitted from
three months after the operation.
In two patients with instability due to a torn anterior cruciate ligament, perichondrial
arthroplasty was combined with reconstruction of the ligament using the central
portion of the patellar tendon.

RESULTS
The results were assessed by means of arthroscopy in all 25 patients, biopsy of the
graft in three, change of knee score after one year in all 25, and again after two years
in 14, and by radiological examination in all.
Arthroscopy
This was performed in all 25 knees at three to 12 months after transplantation (average
10). Of the 30 grafted cartilage defects, 27 had completely filled with tissue
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resembling cartilage. In two cases an unchanged defect of the weight-bearing part of
one femoral condyle was seen and one patella graft was covered with white tissue, :'
though the surface was fibrillated. A hook was always used to assess the consistency i
of the graft. After three months the newly-formed tissue looked white and was
elevated above the surrounding cartilage. The surface was still soft, but the deeper
layer felt solid. After one year the grafted area strongly resembled the surrounding
cartilage.
Biopsy
:
The three biopsies were taken one year after grafting and kept in neutral formalin,
decalcified, embedded in paraffin, sectioned at 10 urn and stained with haematoxylineosin and Alcian blue (the second specimen was not decalcified so that calcium
staining by Kossa's method was possible). Macroscopically the biopsies formed a
solid core of bone firmly attached to a thick layer of cartilage. Microscopy revealed
disruption of cartilage and bone in two cases; in the third there was uninterrupted
;
contact between the two tissues.
t :
The predominant tissue in the biopsies was cartilage. No mitosis or clustering of
chondrocytes were seen. With Alcian blue a diffuse blue staining of the intercellular
ground substance (matrix) was seen, indicating the presence of acid
mucopolysaccharides, exclusively produced by chondrocytes. The cells looked like
normal chondrocytes with pericellular lacunae. With the Kossa staining, the
subchondral bone stained black as well as part of the basal layer of the cartilage. No
signs of ossification were present in this layer.
Knee score
One year after operation all the patients were questioned and examined. The mean preoperative knee score was 73 (s.d. 9), which increased to 90 (s.d. 10) after one year
(paired /-test,/? < 0.001); thus the mean change in knee score was 17 (s.d. 9), (range
-14.5 to 35). One year after operation 18 patients were completely free of symptoms:
they had resumed their previous work and sports activities. Using the classification of
Ranawat et al. (1976), most patients changed from good (70 to 84 points) to excellent
(85 to 100 points), some from fair (60 to 69 points) to excellent and a minority from
good to perfect (100 points) (76). One patient changed from poor (< 60 points) to
good, one from poor to excellent and one from fair to good. Two patients remained
good and two remained excellent (these last two had complained of pain at work but
were able to resume work four to five months after operation).
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Figure 1. Pre-operative and post-operative knee score related to the age of the patient.
The first 14 patients operated upon were evaluated again after 17 to 32 months (mean
23.5). This was done to assess whether the condition of the graft and subsequently of
the knee might deteriorate with time. The mean knee score after this period of time
was 87 (range 67 to 100), whereas it had been 85 (range 75 to 100) after one year;
thus there was no statistical difference (paired Mest: NS). Three patients with a
relatively low knee score after one year had a decreased score after two years, but
those with no complaints after one year remained excellent in the following year.
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Figure 2. Relation between the change in knee score and the pre-operative delay.
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Radiological examination
One year after operation anteroposterior, lateral and patellar axial radiographs in 30°
of flexion were taken of all knees; these were compared with the pre-operative films
of the same knee. In none was there an increase of joint space narrowing, or of the
number of osteophytes, nor was any increase of subchondral bone density or cysts
seen. In 20 knees some density was seen in the region of the graft, suggesting
increased mineralization of the cartilage.
It is possible that with increasing age the chondrogenic capacity of perichondrium
decreases, and this might influence the result. We therefore studied the relation
between the age of the patient at the time of operation and the knee score. With
increasing age a decrease in knee score was found before as well as one year after
operation; however, the result of the operation, as measured by the difference in knee
score before and after, was not influenced by the age of the patient (Fig. 1). The
*
Spearman rank correlation coefficient for this relationship was 0.0172 (NS). For the
relationship between age and post-operative knee score the Spearman rank correlation
coefficient was -0.2656. It may be concluded that the results were not related to age.
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Figure 3. The trend line shows that the result of perichondrial grafting becomes less
satisfactory with increasing pre-operative delay.
It also seemed possible that the duration of the lesions before operation might affect
the condition of the rest of the articular cartilage of the same joint and so jeopardise
the result. Most of our patients had had symptoms for a considerable period of time
(mean 37 months, range one month to 12 years). The relation between the pre-
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operative delay and the change in knee score is shown in Figure 2. The Spearman rank
correlation coefficient was -0.3822. Figure 3 shows that with increasing pre-operative
delay the result is prejudiced.
>,.
We also considered whether the location of the defect (and the graft) might influence
the result. This relationship is shown in Figure 4. No significant difference in change
of knee score between the grafts was found (Kruskall-Wallis test statistics = 2.96;
level of significance = 0.5650).

MFC

MFC + P

ICG

\
s
«
n

LFC

Figure 4. The relationship of the change in knee score to the location of the graft: MFC =
medial femoral condyle; P = patella: ICG = intercondylar groove: LFC = lateral femoral
condyle.

DISCUSSION
Chondral lesions of the knee not only interfere with work and sport but also
predispose to arthritis (23). Spontaneous healing is by fibrocartilage which cannot
withstand much force. It seemed reasonable, therefore, to try grafting the defect with
an autologous piece of perichondrium from a rib, and to anchor it with fibrin glue.
This material has been used to reunite nerves, blood vessels, tendons and chondral
flake fractures (85,86). For the fixation of cartilage or perichondrial grafts of larger
joints, immobilization of the joint is necessary (73,87,88). In our study we followed
this by a period of continuous passive motion which is said to promote regeneration of
articular cartilage (82,89), though whether this influenced the final result we cannot
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say. Weight-bearing was not allowed during the first three months after operation
because the superficial layer of the graft remains soft and vulnerable during this time.
Movement was encouraged; but, with a graft in the patellofemoral joint, this
••,»,^a
movement was limited to 30°.
Arthroscopy in the first few months showed a slightly elevated tissue, resembling
articular cartilage, which could be recognised by its white colour and its soft
superficial layer. Grafts in the weight-bearing area of the medial femoral condyle were
more nearly level with the joint surface after one year than those in low-friction areas
or where an old osteochondritic lesion had previously been drilled. Most grafted
defects had an intact subchondral bone plate which was only scraped until point
haemorrhages became visible, but in seven cases the graft was placed on to cancellous
bone. No difference was found in cartilage formation or in change of knee score in
relation to the presence or absence of the subchondral bone plate. This differs from the
view of Engkvist and Johansson (1980) that cartilage regeneration from
perichondrium can only occur when the perichondrium is placed on to cancellous
bone (67).
Radiographs taken after one year showed density in the grafted areas and histology
showed increased uptake of calcium in the basal layer of cartilage, but ossification of
this basal layer did not take place. It must be assumed that the mineralization of the
basal layer of newly formed cartilage is increased compared with normal cartilage, as
suggested by Plenk and Passl (1980) (90). What impact this increased mineralization
will have on the visco-elastic properties of the cartilage and on its durability is still
unclear. No relation between the change of knee score and the age of the patient was
found as was suggested by Seradge et al. (1984) who grafted joints in the hand and
concluded that over the age of 40 the results of perichondrial arthroplasty became
worse (72). In our cases the results for young and older patients were not statistically
different.
In summary, we concluded that perichondrial grafting of cartilage defects of the knee
results in the formation of cartilage and gives good to excellent clinical results. Longterm results of larger numbers of patients are, however, still needed.

44

CHAPTER 6

Long-term results of rib perichondrial grafts for the
repair of articular cartilage defects in the human knee
S.J.M. Bouwmeester, J.M.H. Beckers, R. Kuijer, A.J. van der Linden, S.K. Bulstra
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SUMMARY
Eighty-eight patients with articular cartilage defects in the knee were treated by
perichondrial arthroplasty between 1986 and 1992. An autogenous strip of costal
perichondrium was fixed in place with fibrin glue, followed by immobilization,
continuous passive motion, and partial weight-bearing. The results were evaluated
using the Hospital for Special Surgery Score for knee function, radiographs,
arthroscopy and the patient's subjective opinion.
The results after a mean follow-up of 52 months were good in 38%, fair in 8% and
poor in 55%. Previous drilling or shaving of a defect, concomitant osteoarthritis, older
age and a long history of complaints proved to be contra-indications. Good results
were seen in 91% of isolated defects. Perichondrial arthroplasty can be beneficial in
the repair of cartilage defects. It will reduce symptoms in carefully selected cases, and
avoid more extensive operations for osteoarthritis.
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Full thickness defects of articular cartilage have a poor capacity for repair and the
•;>
current treatment by shaving or drilling produces fibrocartilage whose biomechanical
and biochemical qualities are inferior to normal hyaline cartilage, although symptoms
may be reduced (91,92).
,
v < ,1S
Rib perichondrium when transplanted into a cartilage defect produces tissue which
closely resembles hyaline cartilage (65,71,93-95), and which may develop into normal
hyaline cartilage when placed in a joint (63,94,96). In an animal model, this newly
•
formed cartilage has been shown to have the same visco-elastic properties as hyaline
cartilage matched for age and health (74). Neocartilage with histological and
biochemical qualities similar to that of normal articular has been reported one year
after perichondrial grafting in rabbits (60,61,66,75,92,97). A method of graft fixation
was described in 1986 using nontoxic, nonallergic and biodegradabe glue with initial :
low, but rapidly increasing, adhesive strength (98). This was successful in rabbit's
knees and in a small mixed group of patients with chondral and coexisting lesions.
The purpose of this paper is to evaluate the long-term results of perichondrial grafting
in human knees. This is the first clinical study with a follow-up of more than 4 years
(45).

PATIENTS AND METHODS
From September 1986 to December 1992, 88 patients with an articular cartilage
defects were treated by perichondrial arthroplasty in The University Hospital,
Maastricht (45,58,59,63,99). The study was approved by the local
ethics committee and was performed in accordance with the ethical standards laid
down by the 1994 Declaration of Helsinki. Informed consent was obtained before
inclusion in the study. One hundred and six cartilage lesions were treated in 88
patients, 40 in the right and 48 in the left knee, in 37 women and 51 men. No
exclusion criteria were used, except for age (> 55 years). An isolated defect was
treated in 70 patients; in 18 patients there were two defects in the same knee. In 13,
the perichondrial arthroplasty was combined with an additional procedure, such as
anterior cruciate ligament (ACL) repair or a meniscectomy. The mean follow-up was
52 months (range 14 to 80 months). The mean age at operation was 31.3 years (range
15 to 54 years).
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Most perichondrial grafts were placed in the medial and central areas of the patella, in
the intercondylar region of the medial femoral condyle and in the weight-bearing area
ofthiscondyle(TableI)(98).

Table I. Localisation of articular cartilage defects in 88 patients

n (patients)
Follow-up
Male
Female
Mean age
Patella
Medial femoral condyle
Lateral femoral condyle
Trochlea

Isolated defect
70
51 months
41
29
30 years
37
28
2
3

2 defects
18
56 months
10

8
36 years
13
15
3
5

The lesions were traumatic in 31 patients; previous ACL lesions were present in 31,
and 12 had osteochondritis dissecans with slight bone loss which had been treated
unsuccessfully by drilling. Abnormalities of the menisci were present in 41 patients. In
the group of patients with a good Hospital for Special Surgery Score (HSSS), 17/33
had grade 1-2 osteoarthritis at arthroscopy. Of those with a poor score, 18/48 had
grade 1-2 osteoarthritis and 5 had grade 3-4 changes (Table IVb) (100). The size of
the cartilage defects varied from 0.3 cm' to 20.5 cm\

Operative technique
The leg was exsanguinated after general anaesthesia with the patient supine. A medial
parapatellar incision was used and the patella dislocated laterally, if necessary. The
chondral lesion was cleaned with a sharp instrument until bleeding points were visible
in the subchondral bone, allowing a better passage for cells. The surrounding cartilage
was cut in order to demarcate the lesion. An oblique incision was made over the lower
part of the left side of the chest, the fascia of the rectus muscle was split transversely
and the muscle in the line of its fibres. The perichondrium was removed, including its
chondrogenic layer, from one of the lower costal cartilages. The graft was cut to the
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size of the defect. Two transplants were sometimes needed to cover the entire surface
of a large defect.
• •'• •' ••*
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The graft was fixed with fibrin glue (Tissucol*, Immuno, Vienna) (101). The
' .'
perichondrial graft was placed on the subchondral bone with the chondral side facing
the joint; it was firmly pressed to the underlying bone with a wet gauze for one
minute, and the knee then moved to assess its fixation. The patella was relocated and
the wound closed.
>;
After immobilization for 2 weeks in plaster, continuous passive motion was used for
another 2 weeks (89). Movement was encouraged, but for grafted lesions of the patella
and the intercondylar groove flexion was limited to 30°. Four weeks after operation,
the patients were allowed up non-weight-bearing and active movements encouraged.
Full weight-bearing was begun 3 months after the operation (69).
After a mean follow-up of 52 months (range 14 to 80 months), the results were
evaluated by the HSSS, radiographs, a visual analogue scale and arthroscopy one year
after the operation. The patients were seen at intervals of 4, 8 and 12 months and
thereafter at 154, 2, 3, 4 years and later. No histochemical or biochemical assessment
of the repair tissue was undertaken because biopsy could not be justified on ethical
grounds.
We studied the correlations between the success rate and the site of the lesion, the size
of the graft, calcification of the graft seen on radiographs, coexisting abnormalities in
the knee and combinations of treatment in relation to the HSSS score.
A result was rated good if the score was > 85 and the arthroscopic appearances were
good. Failure was a score of < 75 whether the arthroscopy was good or bad, and so
was the score < 75 in combination with a bad result at arthroscopy or with a need to
reoperate. Any loosening of the graft, outgrowth above the surrounding tissue or
progressive osteoarthritis seen at arthroscopy were failures. A score of 75-84 was fair.
A second group of 14/88 patients were operated on from 1989 to 1992 using a
different technique in which the graft was perforated in order to avoid haematoma
formation. This group were also given indomethacin 25 mg 3 times a day from the day
before operation for 2 weeks to minimize calcification in the graft.
The mean follow-up was 14.5 months (range 6 to 29 months).
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RESULTS
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In 33/88 (38%) the result was excellent or good; 7 (8%) were fair and 48 (55%) were
failures, mainly because of loosening of the graft seen at arthrosccopy (Table II). The
fair group have been omitted from the rest of the tables for clarity.
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Table II.
Results H.S.S.S. (« = 88)

.

, .

•

•

• . • • •

..

•

. . .

,_

Points
85-100
Excellent/good
75-84
Fair
Poor and
<75
reoperation/arthroscopic failure

n
33
7
10
38

. . . J

. •>
,H-

%
38%
8%

55%

In the whole group, 27% of the grafts were lost (24/88) (Table III) and this was
significantly worse for grafts on the patella (p < 0.05, chi-squared test) (Table IVc).
In 10/88 patients (11%), failure was caused by growth of the graft above the
surrounding cartilage which felt hard at arthroscopy, and occurred most often when
the patella was grafted (7/37).
Progressive osteoarthritis, as seen at arthroscopy one year after operation, occurred in
4/88 patients, and 3 of these had more than one graft. Isolated patella grafts failed in
23/37, and so did 10/28 of the medial femoral condyle grafts (Table III). The highest
rate of failure (14/18) was in double perichondrial grafts.
Table III.
Failures and localisation of the graft (« = 48)

Patella
Medial femoral condyle
Combinations
Trochlea

23/37
10/28
14/18
1/3

62%
36%
78%
33%

Radiographs showed calcification within the graft one or 2 months after operation.
Excluding the arthroscopic failures and those that were operated on again,
calcification was seen in 25/47; in 22 there was no calcification (Table V).
Instability and previous meniscectomy were not detrimental to the clinical results
(Table IVa).
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Previous drilling or shaving of the defect, age above 40 years and a long period of
complaints before operation influenced the results adversely (Table IVa, b). When
!
more than one graft was used, the results were poor (p < 0.05). Osteoarthritis above :
grade 2 (fibrillation) in other parts of the knee at arthroscopy proved an absolute
contra-indication for grafting (Table IVb). Seven patients (7/12) with osteochondritis
dissecans with only slight bone loss had good results. The size of the lesion had an
adverse effect, but this was not significant; in 48 with a poor result, the average size of
the lesion was 3.97 cm^, compared with 3.17 cm* in 33 who had a good result.

Table IVa.
Results of perichondrial arthroplasty

1 grafts
2 grafts
Surface cm"
Duration of complaints (months)
Age at operation (years)
*=/><0.05 # = p < 0.025

Good
« = 33
30
3
3,17
40,2
28

91%
9%
0,4-20,5
1-120
17-41

Table IVb.
Results of perichondrial arthroplasty in relation to
the cause of the defect in 88 patients
Good Poor
« = 33 « = 48 Sig.
Trauma
15
15
N.S.
4
Osteochondritis dissecans
7
N.S.
Previous debridement
9
22
N.S.
Osteoarthritis
GrO
16
25
N.S.
Grl -2
17
18
N.S.
Gr3-4
0
5
N.S.
< 0.05 significant

SI

Poor
« = 48
34
14
3,97
52,5
32,6

71%
29%
0,8-15
5-240
15-48

Sig.
*
*
N.S.
N.S.
#
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Results of isolated defects in
patella and medial femoral condyle
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/? < 0.05
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The 14/88 patients given indomethacin for prophylaxis had a reduced incidence of
calcification in the graft, their mean follow-up was 14.5 months (range 6 to 29
months). Two patients in this group were lost and excluded; 2/12 showed
calcification. Of 25 calcified grafts, 23 had not received indomethacin (Table V).
These differences were statistically significant (p < 0.005, using chi-squared test with
the Yates correction).
Table V.
Effects of indomethacin (indo) on calcification (calc)
+ calc
- calc
+ indo
2
10
-indo
23
12_
p < 0.005

DISCUSSION
Chondral lesions in the knee interfere with work and sport, and predipose to
osteoarthritis (23). Spontaneous healing is poor, and shaving and drilling the lesions
result in fibrocartilage which is mechanically inferior to articular cartilage (91,97). Rib
perichondrium has the potential to differentiate into cartilage with similar properties to
hyaline cartilage (75,94,96,99).
Our study shows that the success of this procedure depends on the selection of the
patients. Contra-indications for the procedure are more than one defect, previous
debridement operations, a long history of symptoms, age over 40 years, and grade 2 or
worse osteoarthritis in the rest of the knee. Grafting the patella was less successful
because of the mechanical demands and pressure in this area. Good or excellent results
were seen with an isolated traumatic defect of the medial femoral condyle in patients
under 40 years.

52

Fibrin glue provides sufficient immediate fixation, but we used immobilization to
ensure that this fixation was not disturbed (101,102).
Continuous passive motion was used because of its beneficial effect on cartilage
regeneration (89).
During the first 3 months weight-bearing was not allowed because the superficial part
of the graft was assumed to be soft. Movement was limited to 30° for patellar grafts,
but otherwise was encouraged.
The calcification seen in radiographs may be due to mineralization of the base of
newly formed cartilage which could have an adverse effect on the visco-elastic
properties of the new cartilage and its durability (102). We considered that this
increased mineralization was a cause of loosening and the raised hard surface which
was found in some of our cases. Indomethacin was shown to prevent calcification and
its use should improve the results. Perforating the graft reduced the risk of loosening
by preventing haematoma formation.
The design of this study allowed us to establish the indications for perichondrial
grafting in the knee. The best results are in patients under 40 years with isolated
defects, and without osteoarthritis elsewhere in the joint. Further work to improve
fixation and to prevent calcification was started.
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CHAPTER 7

The polymer Polyactive™ as a bone-filling substance: an
experimental study in rabbits
R. Kuijer, S.J.M. Bouwmeester, M.M.W.E. Drees, D.A.M. Surtel, E.A.W. TerwindtRouwenhorst, A.J. van der Linden, C.A. van Blitterswijk, S.K. Bulstra
,,,

Journal of Materials Science: Materials in Medicine, 9:449-455, 1998
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SUMMARY
The biocompatible, osteoconductive and resorbable polymer Polyactive™ (PA) was
investigated for its performance as a bone-graft substitute. The model consisted of a 4
mm borehole, 1.5 cm distal of the major trochanter in both femurs of a rabbit, of
which one was filled with a cylinder of porous PA. The other borehole was left
untreated. PA70/30 and PA60/40 were investigated, both before and after being
incubated with allogenic bone marrow. Analyses were performed after 4, 8, 26 and 52
weeks and comprised dual energy X-ray absorptiometry (DXA) and image analysis of
histological sections.
DXA revealed an increased bone mineral density in the filled defects compared to the
controls, both at the defect and immediately proximal and distal of the defect.
Histology showed that gap-bridging had occurred within 8 weeks, with 80%-90% of
the pores of PA70/30 and PA60/40 occupied by new bone, and an intimate bone-PA
contact. PA70/30 seemed to be more suitable compared to PA60/40, in that the
highest amount of bone was formed within the shortest period of time. Incubation of
PA with allogenic bone marrow resulted in inflammatory reactions at the sites of
implantation, which delayed bone growth, but did not prevent it. It was concluded that
PA70/30 and PA60/40 are suitable bone-graft substitutes.
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Spontaneous repair of cortical bone defects, like screw holes, is limited in humans
(103). Therefore, these defects present a considerable risk of refracture with an
incidence between 1% and 8% in forearm, tibia, femur or spine (104-107).
In this study a 4 mm defect in the femur of a rabbit, comparable to a screw hole, was
used to compare spontaneous, new bone formation with bone formation after
implantation of the biocompatible and osteoconductive polymer Polyactive™. A
previous pilot study revealed that the process of spontaneous repair of such a bore
hole in the femur of a rabbit was not able to gap the defect within 8 weeks
(unpublished work). Therefore, this model appears to be suitable for this study.
Polyactive is a segmented copolymer of polyethylene oxide terephthalate and
polybutylene terephthalate (PEO/PBT), which was initially used to design a synthetic
tympanic membrane. The material has been proven to be biocompatible and
osteoconductive, and appeared to be a bone-bonding material (52,108-111). In
addition PA is easy to handle and biodegradable (111,112). Varying the ratio PEO
over PBT results in materials with different properties. A relatively high concentration
of PEO proved to be essential for the bone-bonding properties of the material. The
bone-bonding mechanism of the material appeared to be related to the capacity of the
material to absorb selectively calcium and phosphate (51,110,113).
The kinetics of bone growth inside the pores of the cylinders, both at the level of the
cortex and in the medullary cavity, were investigated. PA60/40 was tested because of
its slightly better mechanical properties than PA7O/3O. Furthermore, it was tested
whether the bone growth in and near the implant could be enhanced by incorporating
osteoinductive factors present in trabecular bone and bone marrow in the cylinders, as
is seen when a polymer is implanted subcutaneously (114-116).
Because the osteoconductivity of Polyactive is caused by the ability of the material to
absorb selectively calcium and phosphate (51,110,113), and incubation of Polyactive
with bone marrow probably results in "pre-calcification" of the material, implantation
of incubated Polyactive should also lead to enhanced bone formation.
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MATERIALS AND METHODS
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Polyactive porous PA cylinders of composition (PEO/PBT) 70/30 and 60/40 used in
this study were manufactured and supplied by HC Implants bv, Leiden, The
Netherlands. The pores were interconnected. The average pore diameter was 300 ±
150 um; the diameter of the interpore connections was 100 ± 50 urn. These diameters
were shown to be optimal for growth of bone (51,117,118). The cylinders were 4 mm
in diameter and 5 mm long. Half the number of cylinders were incubated with
allogenic bone marrow: bone marrow was harvested from the femur of one New
Zealand White rabbit, not belonging to the animals in this study, and diluted with
Dulbecco's modified Eagle medium (DMEM culture medium) (1:1). PA cylinders
were incubated for 24 h at 37°C, then briefly washed in phosphate-buffered saline and
freeze dried in order to kill allogenic cells and to shrink the implants to their original
dimensions. All PA cylinders were sterilized by gamma irradiation (25 kGy) at
Gammaster, Ede, The Netherlands.
..,..,.., , ,
. ... .
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For this animal experiment, approval was obtained from the local committee for
animal experiments. Female New Zealand White rabbits (128) were used, each about
6 months old, weighing between 3.5 and 4.5 kg. The rabbits were randomized and, at
the time of operation, anaesthetized using ketamine hydrochloride (100 mg kg ') and
diazepam (8 mg kg '). Both femurs were exposed laterally. The periosteum was put
aside and, approximately 1.5 cm below the major trochanter, a borehole of 4 mm
diameter was made. In the right femur, a PA cylinder was implanted; the borehole in
the left femur was left untreated. Four groups of 32 rabbits were followed for,
respectively, 4, 8, 26 and 52 weeks. Of the 32 rabbits, eight received a cylinder of
Polyactive 70/30 (PA70/30); eight a cylinder of PA70/30 impregnated with
bonemarrow (PA70/30BM); eight a cylinder of PA60/40 and eight a cylinder of
PA60/40 which was incubated with bone marrow (PA60/40BM) (Table I). The
animals were housed in groups at a farm in cages of 4 m x 4 m.
The animals were killed using an overdose of thiopental. Both femurs were dissected,
placed in sterile PBS and transported to the dual energy X-ray absorbtiometer (DXA)
(DPX 560, Lunar). The exact location of the borehole was measured relative to the
femoral head and trochanter major. DXA scans were made in the lateral - medial
direction. The bone mineral density (BMD, g cm"*) was assessed in three regions of
interest (ROI). Three ROIs of 0.2 mnr adjacent to each other were placed proximal to
the defect, over the defect and distal to the defect, respectively. One 0.06 mm* ROI
was placed in the centre of the 0.2 mnr ROI that was placed over the defect. Data
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given are from the 0.06 m m ' ROI in the centre of the defect and both the 0.2 mm*
ROI's proximal and distal of the defect. Then segments of the femur containing the
borehole were fixed in 4 % phosphate-buffered formaldehyde. Part of these segments
were dehydrated through a series of acetone solutions and embedded in
methylmetacrylate. Sections of 10 (im were cut using an especially developed '• : ;
histological inner lock diamond saw microtome cutting system (Leiden, The
• "<'1
Netherlands) and stained with methylene blue and basic fuchsine (119).
Other segments were decalcified with a 10% solution of ethylenediaminetetraacetic
acid (EDTA), dehydrated and embedded in glycol methacrylate. Sections of 4 urn
were stained with trichrome according to Gomori.
.
,
: ,
Image analysis (Quantimet 570C, Leica Cambridge Ltd, Cambridge, U K ) was used to
determine the course of the area occupied by implant material, and the percentage
tissue occupied by exudate cells/fibrous tissue, and bone. Also, the percentage of the
outline of the PA implant in intimate contact with new bone was determined. This is a
measure for bone-bonding capacity of the biomaterials. The total area of the pores
represented about 4 0 % - 5 0 % of the field measured, and was taken as 100%.
For statistical analysis, data were compared with one-way A N O V A and Student's /test.

RESULTS
From the 128 rabbits that were operated, 21 died or had to be killed before the end of
the experiment (Table I). Cause of death was either a pneumonia or an unknown cause
not related to the implants. One rabbit had a fractured femur at the level of the bore
hole and four rabbits had developed an osteomyelitis.
Table I.
Distribution of rabbits over 16 groups: four groups of 32 rabbits had four
different forms of PA implanted and were followed for 4, 8, 26 and 52
weeks. The data indicate the number of rabbits included in the study; the
number of rabbits that were originally operated on is given in parentheses
8 weeks
26 weeks
4 weeks
52 weeks
PA70/30
8(8)
8(8)
7(8)
7(8)
PA70/30BM 3(8)
7(8)
7(8)
6(8)
PA60/40
8(8)
7(8)
7(8)
6(9)
PA60/40BM 6(8)
6(8)
8(8)
6(7)
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DXA
Both experimental and control femurs were subjected to DXA analysis. With the ROI
over the defect, after 4 weeks implantation the BMD was 0.073 g cm* (18.2%;
/? < 0.02) higher when PA70/30 was implanted as compared to the contralateral . ^t//
control site (Table II).
For the other implants, in general the experimental sites at 4 weeks implantation time
contained 10%-20% more mineral than the control site, but the differences were not
significant. After longer implantation times, differences between experimental and _)
control sites had not changed: the experimental site contained 10%-25% more mineral
then the control site. Occasionally the differences were significant (Table II).
T a b l e H .

• :.'-,.

..-

•.-., , ;

•

•

.,;

-

-• , , . - : ;.,

.••-••!

DXA analysis: relative differences between experimental side and control side assessed in an ROI
of 0.06 mm' over the defect, an ROI of 0.2 mm' proximal to the defect and an ROI of 0.2 mm'
distal to the defect. Data from experimental and control sides were compared using the Student's /test for paired data
8wk
4 wk
26 wk
52 wk
P
P
P
P
%
%
«
%
%
0.06 defect
• •
PA70/30
18.2 7
11.6 5
ns
15.2 7
ns
14.3 6
ns
• *
*
PA70/30BM 9
5
ns
21.8 5
26.3 7
0.8
5
ns
**
PA60/40
7
ns
-8.6 5
ns
19.6 8
ns
15
2.3
5
PA60/40BM 20.1 4
ns
-1.2 3
ns
14.8 6
ns
19.8 6
ns
0.2 proximal
12.4
PA70/30
PA70/30BM 22.0
PA60/40
17.0
PA60/40BM 17.2

7
5
7

5

•
•

ns
ns

0.2 distal
•+
24.1 7
PA70/30
PA70/30BM 19.1 5
ns
•
PA60/40
14
7
**
PA60/40BM 19.4 5
•=p<0.05;
< 0.02

18.5
4.0
6.2
14.9

5
5
5
3

22.4
10.5
14
19.3

5
5
5
3

ns
ns
ns

9.3
16.5
11.6
14.5

7
7
8
6

*
**
ns
ns

8.6
-2.2
-5.8
5.6

6
5
5
6

*
ns
ns
ns

ns
ns
ns
ns

8.1
7.5
8.2
5.4

7
7
8
6

•

-2.8
1.3
2.5
18.5

6
5
5
6

ns
ns
ns

•

ns
•

ns

The BMD was also assessed proximal and distal to the defect. Proximal to the defect,
the BMD at the experimental site was 10%-20% higher then at the control site after 4
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and 8 weeks. After 26 weeks implantation, the experimental site contained 5%-10%
more mineral then the control site and after 52 weeks the differences were eliminated.
The same was seen just distal to the defect.
The BMD at sites where PA pre-incubated with bone marrow was implanted showed
larger variability than when PA without bone marrow was implanted. DXA analyses
did not reveal differences between PA70/30 and PA60/40, whether or not these
materials were pre-incubated with bone marrow.
Histology
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Cortex of the femur: At 4 weeks after implantation of the PA70/30 and the PA60/40
cylinders, the pores of the plugs within the cortex of the femur were mainly filled with
bone and cell-dense fibrous tissue. Bone growth was from the edges of the cylinder,
where the PA was in contact with the cortical bone, towards the centre. Polyactive
served as scaffold for deposition of bone (Fig. la).

Figure la. Histological sections of bone defects filled with Polyactive and after spontaneous
"repair". Undecalcified sections (10 urn) were prepared using a modified innerlock diamond
saw. These sections were stained with methylene blue and basic fuchsine. Decalcified sections
were stained with trichrome according to Gomori. A decalcified section showing a defect
filled with PA70/30,4 weeks after implantation. P = Polyactive; B = newly synthesized bone;
C = cortex; ( ) = the margins of the borehole.
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Figure lb. An undecalcified section showing a defect filled with PA70/30 8 weeks after
implantation; P = Polyactive; B = newly synthesized bone; C = cortex; M = marrow cavity;
(XX) = the margins of the borehole.

.#"

Figure lc. An undecalcified section showing a control defect 52 weeks after transplantation.
C = cortex; M = marrow cavity; (xx ) = the margins of the borehole.
62

Assessment of the percentage of pore surface occupied by bone revealed that after 4
weeks, PA70/30 contained 53% bone. This was more than for PA60/40 cylinders
(40%; not significant) and for PA70/30BM or PA60/40BM cylinders (27% and 8%,
respectively; significant) (Fig. 2).
After 8 weeks, 70%-95% of the total surface area of the pores of all types of PA
cylinders were filled with newly synthesized calcified bone (Figs lb, 2). Again, pores
of PA70/30 or PA60/40 plugs contained significantly more bone (95% and 9 1 %
respectively) than pores of PA70/30BM or PA60/40BM cylinders, respectively (82%
and 66%).
After 26 weeks, the pores in PA70/30, PA70/30BM and PA60/40 were filled to the
same extent, approximately 87%, with new bone, while 69% of the pores of
PA60/40BM was occupied with bone at that time.
After 52 weeks, in all types of PA, over 83% of the total surface area of the pores
were filled with new bone (Fig. 2). The remaining part of the pores was filled with
fibrous connective tissue and bone marrow.

4

S

26

52

«

8

26

52

Figure 2. The percentage of the pores of different Polyactives filled with bone within the
cortical gap at different implantation times. Bars that share the same letter (within one quarter
of the figure) differ significantly (Student's Mestp < 0.05).
Between 5% and 90% of the PA surface was in contact with bone, depending on the
kind of PA and the implantation period (Fig. 3). In general, a higher percentage of the
surface of PA implants that had not been pre-incubated with bone marrow, was in
intimate contact with bone, as compared with implants that were pre-incubated.
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PA70/30 showed the highest area of intimate contact with bone after 8 weeks (92.5%).
At longer implantation times the area of intimate contact decreased to < 80% (Fig. 3).
PA cylinders that were pre-incubated with allogenic bone marrow, evoked an
inflammatory reaction characterized by infiltrations of polymorphonuclear and
mononuclear cells (data not shown).
Between different animals there were large fluctuations regarding inflammation signs.

Figure 3. The percentage of Polyactive in direct contact with bone within the cortex of the
femur versus the graft material. Bars that share the same letter (within one quarter of the
figure) differ significantly (Student's /-test,/? < 0.05).
At all implantation times, the bone content of the pores of the PA that had been preincubated with bone marrow, was lower compared to the bone content of the nontreated PA cylinders. However, after 1 year, differences in bone content between
implants that had been pre-incubated and those that had not been pre-incubated were
no longer significant.
Repair of the defect at the control site showed large variations. After 4 or 8 weeks,
defects were still visible and only limited filling of the defect with new bone had
occurred. After 52 weeks, control defects in general were almost fully repaired (Fig.
ic).
Medullary cavity: The implants extended into the medullary canal. The PA implants
were predominantly filled with bone marrow and stroma. At 4 weeks after the
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implantation, 17% of the pores of PA70/30 were filled with newly synthesized bone
(Fig. Id, Table III). In the other types of PA implants the amount of bone was 10% or
less after that implantation period. Of the pores of PA 70/30, 6% were filled with bone
after 8 weeks, and < 1% after 26 and 52 weeks. In all other PA implants, the amount
of bone decreased with time to zero after 26 weeks (Table II).
-..••-.

Figure Id. A decalcified section showing bone present in the pores of PA70/30 in the
medullary cavity after 4 weeks of implantation. P = Polyactive; B = newly synthesized bone;
c = cortex; M = marrow cavity.
Table III.
Percentage bone in pores of Polyactive inside the medullary cavity at different implantation
times
PA60/40
PA60/40B
PA70/30B
PA70/30
Implantation
(%) S.D."
(%) S.D."
(%) S.D."
time (wk)
(%) S.D."
4.1
2.0
3.9
2.5
2.3 0.3
17.4 10.1
4
1.0 0.8
2.5 1.3
0.6 0.4
6.3 4.7
8
2.4 0.8
2.4 1.8
0.1 1.1
0.9 0.8
26
0
0.07 0.12
0.03 0.04
0
52
0.03 0.04
"S.D. = standard deviation.
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DISCUSSION
In this study, the biocompatible and bone-bonding polymer Polyactive™ was tested
for its performance as a bone-graft substitute in a rabbit model. The results after 4, 8,
26 and 52 weeks were analysed by DXA and image analysis of histological sections.
The results obtained after analysis of the DXA data were indicative of enhanced bone
formation in the cortical region at the site where the bone defect was filled with PA,
when compared to the non-implant control site. We were not able to measure the
BMD at time zero, due to technical problems.
Owing to the limited number of samples, not always statistically significant
differences could be obtained. As time progressed, decreasing differences between
experimental and control sites were observed, due to spontaneous repair of the control
bone defects. The increases in BMD proximal and distal to the filled defect are
noteworthy. This may be caused by the defect closure with PA, which seems
favourable compared to no treatment. Closure of the defect with PA resulted in a
reaction of periosteum and endosteum resulting in a thickening of the cortex proximal
and distal to the defect. It seems unlikely that these differences in BMD between
control and experimental site were caused by differences in loading between both
hind-legs, i.e. more atrophic (osteoporotic) control site. However, the data from this
study are not conclusive for this issue.
The histological data showed that bone formation in the cortex of the femur proceeded
from the periphery of the PA cylinders towards the centre. This is indicative for
bioactivity of PA. Within 8 weeks, the defect was bridged by new calcified bone
which filled the pores of the PA almost completely. At this time, an intimate contact
was seen between bone and PA at the light microscope level, which is indicative of
the bone-bonding properties of these materials (51,52,108,116,120).
The decrease in bone-PA contact with time is probably caused by the process of
degradation of PA and by the normal process of bone turnover.
Bone was initially formed in the pores of the PA plugs at the level of both the cortex
and the medullary cavity. After 8 weeks, however, the bone inside the medullary
cavity had almost completely been resorbed, whereas the pores of the PA plugs in the
defect at the level of the cortex were filled with increasing amounts of new bone.
From this moment on bone formation apparently proceeded according to Wolffs law
of bone architecture: It depended on the direction and the amount of stress induced in
the bone (121-125).
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From the data of this study, the most suitable material to use for treatment of bone
defects appeared to be PA70/30 without the addition of allogenic bone marrow. The
incubation of PA with allogenic bone/bone marrow, which induced bone formation
when implanted subcutaneously in syngeneic Fisher rats (116), did not enhance bone
formation when implanted in bone defects. In contrast to non-pretreated Polyactive, an
inflammatory reaction occurred. This inflammation, which has to be caused by the
allogenic bone marrow, only delayed the formation of new bone tissue; bone
formation was not prevented. So, bone formation guided by Polyactive was even
present in an inflamed area. Further studies are needed to establish the suitability of
Polyactive implanted in inflamed environments.
Pretreatment of Polyactive with bone marrow was also suspected to result in some
precalcification of the material, which was expected to be advantageous for the
kinetics of new bone formation. Probably due to the inflammatory reaction, this was
not the case. In a later study, it was established that precalcification of Polyactive by
subsequent incubations with calcium and phosphate significantly enhanced the amount
of new bone formed within the first 4 weeks after implantation (126).
A major advantage of PA over a number of ceramic materials is that the material is
very easy to handle in the operating theatre and, in most instances, does not need
additional fixation. Furthermore, Polyactive does not produce wear particles and can
be used in or near a joint surface. Ceramic materials, like hydroxyapatite or tricalcium
phosphate, produce wear particles and when used in or near a joint surface additional
care has to be taken to avoid wear of the material.
Polymers like Polyactive do not provide immediate mechanical stability. However, it
is assumed that mechanical stability is reached within 8 weeks, in case of PA70/30 or
PA60/40. Further biomechanical studies are necessary to test the suitability of PA in
different anatomical locations. In conclusion it can be stated that PA is a
biocompatible, bone-bonding material, suitable to fill cortical bone defects in a stable
environment, like screw holes, bone cysts or benign tumours. The behaviour of this
material in a less stable environment is subject of another study. Biomechanical
studies will be needed to assess the strength of PA implants filled with bone.
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CHAPTER 8

Quantitative histological analysis of bony ingrowth within
the biomaterial Polyactive™ implanted in different bone
locations: an experimental study in rabbits
S.J.M. Bouwmeester, R. Kuijer, M.M.W.E. Sollie- Drees, A.J. van der Linden, S.K.
Bulstra
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SUMMARY
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The quantity of bone formed in cylinders of a newly developed erodible copolymer,
Polyactive™ (PA60/40) was examined. PA60/40 was implanted in three different
bone locations in the rabbit: in the cortex, in bone marrow and in trabecular
subchondral bone. Bony ingrowth was assessed after 4, 8, 26 and 52 weeks after the
operation and investigated by histology and image analysis. The ingrowth of bone was
observed in PA60/40 placed in the cortex from 4 weeks onwards. After 8 weeks, more
than 90% of the pores of the biomaterial were filled with dense bone. In bone marrow,
initially some bone formation was seen. After 26 weeks, all newly formed bone was
resorbed. Subchondral bone formation was less than in the cortex of the femur, but
somewhat comparable to the amount of bone found in healthy trabecular bone. Bone
formation appeared not to be affected by the degradation of the biomaterial. It was
concluded that Polyactive™ is a suitable bone graft substitute. Bone formation within
PA60/40 is site-dependent and this follows Wolffs law.
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INTRODUCTION

;/

Autogenous bone grafts are widely used in orthopaedic practice. These grafts are
needed to fill bone defects, to induce an arthrodesis or to heal a pseudarthrosis. The
quantity of these grafts, however, is limited. Allogenous bone grafts are often used to
overcome this problem. Disadvantages of these allografts are the risk of transmitting
infections (36,127). Allografts are more prone to infection, fracture and non-union
several years after implantation (116,128). Furthermore, the costs of sampling, work
up and storage are high.
In order to overcome these limitations, research has been directed towards artificial
materials that may be useful as bone substitutes. Such a material should be
mechanically stable, bio-erodible, biocompatible and, most of all, osteoconductive or
osteoinductive (128-132). A number of ceramic materials are suitable; however, they
are difficult to manipulate and, in general, resorption is low (115,132,133).
Recently, a new material was discovered that proved to be biocompatible, bio-erodible
and osteoconductive (51,52,108,109). This material, trademarked Polyactive™
(PA60/40), is a polyetherpolyester segmented block copolymer, composed of a soft
segment, polyethylene oxide (PEO), and a hard segment polybutylene terephthalate
(PBT). Based on the same compounds, a whole range of polymers with different
degradation characteristics can be obtained by varying the PEO/PBT ratio.
The PEO component stands for the bone-bonding properties of the material, provided
jt is used in relatively high amounts: 60% PEO or higher. With increasing amounts of
PEO, the degradation is faster (51,108,120). Polyactive™ was originally used as a
synthetic tympanic membrane.
PA60/40 functions as a hydrogel and selectively absorbs calcium from the vicinity
(51). PA60/40 has a spongy appearance and it is easy to manipulate. (51,52,110) In
other studies PA60/40 proved to be biocompatible and osteoconductive (52,108-110).
In this study Polyactive™ 60/40 was used to fill the defects in trabecular bone and the
cortex of rabbit femora. The amount of bone growth in the material at the two
different locations as well as in the bone marrow was measured semi-quantitatively.
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MATERIALS AND METHODS
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Polyactive™ 60/40 (PA60/40) cylinders were manufactured and supplied by HC
Implants bv., Leiden, The Netherlands. The average pore diameter was 300 ± 150 u
the diameter of the interconnecting pores was 100 ± 50 urn. These diameters have
been shown to be optimal for the ingrowth of bone (51,117,118).
The cylinders were 4 mm in diameter and had a length of 5 mm. All PA60/40
cylinders were sterilized by gamma irradiation (25 kGy) at Gammamaster, Ede, The
Netherlands (Fig. 1).

Figure 1. Scanning electron microscopy of surface of Polyactive™ (Bar 0.1 mm).

The experiments were approved by the local committee for animal experiments.
Female New Zealand White Rabbits (32) about 6 months old, were used, weighing
between 3.5 and 4.5 kg. The rabbits were anaesthetized using ketamine hydrochloride
(100 mg kg') and diazepam (8 mg kg'). The rabbits were in a supine position.
1.
Trabecular bone
The left knee was opened through a medial parapatellar incision and the patella was
dislocated laterally. A borehole of 4 mm diameter was made in the facies patellaris of
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the femur. A PA60/40 cylinder was placed in the borehole. In the right knee, a sham
operation was performed without drilling the borehole.
/;;;,.;:;
2.
Cortex
The right femur was exposed laterally by pushing off the musculature ventrally. The
periosteum was moved aside and approximately 1.5 cm below the major trochanter, a
borehole of 4 mm diameter was made. The PA60/40 cylinder was placed here. Again,
the contralateral site was used as a control; a borehole was made without placing a
PA60/40 cylinder.
?sT
3.
Marrow
;'The cylinders were placed in the defect of the femur onto the contralateral cortex.
Thus information could be obtained both from the growth of bone within the PA60/40
in the marrow and in the cortex.
Four groups of eight rabbits were sacrificed after respectively 4, 8, 26 and 52 weeks.
The animals were killed using an intravenous overdose of thiopental. Both knees and
femurs were dissected and fixed in 4% phosphate-buffered formaldehyde. The
specimens were dehydrated through a series of acetone/alcohol solutions and
embedded in methylmetacrylate. Sections of 10 urn were cut using an innerlock
diamond saw and stained with methylene blue and basic fuchsine (119).
To determine the percentage of area occupied by implant material, exudate cells,
fibrous tissue and bone, we used an image analyser (Quantimet 570 C, Leica
Cambridge Ltd, Cambridge, UK). For statistical analysis, data were compared using
the one-way ANOVA test.

RESULTS
From 32 rabbits that were operated on, three died or had to be killed before the end of
the experiment. Causes of death were a meningitis in one case and fractures at the
level of the borehole in two cases.
1.
Trabecular bone
Already 4 weeks after implantation, some bone formation was seen in the PA60/40
cylinders placed in the trochlea (Table I). Here, 14.3% of the total pore area was filled
with bone. Besides bone formation, a fibrous cell-dense tissue and bone marrow were
seen. At the periphery, trabecular bone and normal bone marrow made contact with
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the PA cylinder and from there on bone growth proceeded. Some bone formation also
took place in the center of the cylinder.
After eight weeks, 12.5% of the pores were filled with bone (Table I, Figs 2 and 3).
After 26 weeks, significantly more bone was seen; both at the periphery and in the
center of the cylinder (28.2%, /? < 0.039). The amount of fibrous tissue had
diminished.
At 52 weeks the extent of bone formation had diminished to 14.5%.
Table I.
Percentage of bone in pores of Polyactive™ in the cortex, the trabecular
bone and the marrow at different implantation times
Implantation Percentage of pores filled with bone
time(wk)
Cortex S.D." S"
Trab' S.D." S*
Marrow

S"

4

•

39.5 31.5 *
14.3 11.4 10.4
90.7 14.0 12.5 6.5
2.6
87.6 20.6 28.2 4.3 #
0.2
52
14.5 6.2
0.0
83.1 16.7 "S.D. = standard deviation; ^S = significance; 'trab = trabecular bone;
V < 0 . 0 0 1 ; # p < 0.039.

8
26

•

40
20

4wk

8wk

26 wk

•

Cortex PA 60/40

•

Trabecular bone PA 60/40

D

Marrow PA 60/40

52 wk

Figure 2. Graph showing the mean percentages of the pores in Polyactive 60/40 filled with
bone at different implantation times; * p < 0.001, #/? < 0.039.
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Figure 3. Light micrograph of a section from a sample 8 weeks after implantation of a
PA60/40 cylinder in the trabecular bone, p = Polyactive 60/40; b = newly synthesized bone;
m = marrow; t = trabecular bone (10 fim; methylene blue and basic fuchsine; x 25).
2.
Cortex
In the cortical level of the femur, the pores of the PA60/40 were mainly filled with a
cell-dense fibrous tissue at 4 weeks. Here also, bone formation started from the
margins of the cylinder and progressed inwards. At 4 weeks, signifantly less bone was
detected in the center of the PA60/40 cylinder compared to 8, 26 and 52 weeks (Table
I, Fig. 2,p < 0.001). After 8 weeks, 90.7% of the pores of the PA60/40 cylinder was
filled with newly synthesized calcified bone (Fig. 4). After 26 and 52 weeks,
respectively, 87.6% and 83.1% of the PA60/40 pores were filled with bone (Table I).
The remaining part of the pores was filled with fibrous connective tissue and bone
marrow.
The control side in the cortex showed marginal bone formation. After 4 or 8 weeks,
the defects were still visible and only a relatively thin neocortex was present at the
defect site (Fig. 5). After 26 and 52 weeks, in most rabbits the amount of bone
matched the control defects.
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Figure 4. Light micrograph of a section from a sample 8 weeks after implantation of a
PA60/40 cylinder in the cortex. Note the thickened neocortex at the site of the cylinder, p •
Polyactive 60/40; b = newly synthesized bone; c = cortex; m = marrow cavity (10 um;
methylene blue and basic fuchsine; x 25).

Figure 5. Light micrograph of a section from a sample 8 weeks after making the control
defect. Note the relatively thin neocortex. b = newly synthesized bone; c = cortex; m =
marrow cavity (10 |im; methylene blue and basic fuchsine; x 25).
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3.

Marrow

In the marrow, the PA60/40 cylinders were predominantly filled with bone marrow
cells and some connective tissue. At 4 weeks, 10.4% of the pores was filled with bone.
At later stages, this percentage decreased significantly to 2.6% (Fig. 6) and below 1%
after, respectively 8 and 26 weeks (p < 0.001).

Figure 6. Light micrograph of a section from a sample 4 weeks after implantation of a
PA60/40 cylinder in the marrow, m = marrow cavity; p = Polyactive™ 60/40;
» = macrophages filled with Polyactive 60/40 (10 urn; methylene blue and basic fuchsine; x
100).

DISCUSSION
Polyactive™ 60/40 was tested as a bone graft substitute in a rabbit model. Image
analysis of histological sections was performed on samples yielded at 4, 8, 26 and 52
weeks after the implantation of PA60/40. The results suggest that bone formation in
the presence of PA60/40 followed Wolffs law of bone architecture: the structure in
bone is the result of a dynamic regulatory process, controlled by mechanical loads.
Bone formation occurs depending on the direction and the amount of stress induced in
the bone (121-125). Osteocytes, located within the bone, sense mechanical signals and
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these cells mediate osteociasts and osteoblasts in their vicinity to adapt bone mass
(134).
At the cortex, within 8 weeks, > 90% of the pores of PA60/40 was filled with bone.
When PA60/40 was implanted in the cortex of the femur or within the bone marrow,
the data were respectively, 12.5% and 2.6%. After initial calcification and slight bone
formation in the marrow, new bone formation stopped, while already synthesized bone
was resorbed and replaced by normal bone marrow.
Bone formation not only occurred from the margins of the cylinder towards the center,
but new bone formation was also found in the center of the cylinder. This was found
both in the cortex and in the trabecular bone. These results are indicative for the
osteoconductive properties of PA60/40 (51,108,120,135). The amount of new bone
formed in PA60/40 is somewhat comparable to hydroxylapatite (HA) or even better
(128,129,131). An important difference is the absence of new bone formation in the
center of HA, where bone formation occurs over a maximum distance of 2 mm. Like
in porous HA, other bone graft substitutes, such as demineralized bone matrix or
coral, only show a peripheral creeping substitution, suggesting osteoconduction
(136,137).

Figure 7. Light micrograph of a section from a sample 8 weeks after implantation of a
PA60/40 cylinder in the cortex. Note the close contact between the bone and PA60/40.
p = Polyactive 60/40; b = newly synthesized bone (10 urn; methylene blue and basic fuchsine;
x 200).
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Bone formation in PA60/40 was in direct contact with the biomaterial (Fig. 7) as in
contrast to apatite- and wollastonite-containing glass-ceramic. In the latter, the
radiolucent line, as seen on X-ray examination, only tended to decrease with time
(138).
HA provides, in some respects, for immediate mechanical stability, whereas PA60/40
is expected to give the necessary mechanical stability within 8 weeks. Of course, the
actual and relative size of the defect are important, and mechanical studies are needed
to establish these. In comparison with HA which is brittle and breaks easily, PA60/40
is very easy to manipulate in the operating room. Biomechanical studies are needed to
compare the mechanical properties of these biomaterials and other ceramics after
being incorporated by bone. In conclusion it can be stated that Polyactive™ is a
suitable substitute for allografts. It is bio-erodible, fully biocompatible and moreover,
bioactive, stimulating new bone formation without the need of additives.
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CHAPTER 9

Histological and biochemical evaluation of perichondrial
transplants in human articular cartilage defects
S.J.M. Bouwmeester, R. Kuijer, E.A.W. Terwindt-Rouwenhorst,
A.J. van der Linden, S.K.. Bulstra

Revised version under second editorial review of The Journal of Orthopaedic
Research
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SUMMARY
From 1986 to 1992, 88 patients with articular defects in the knee were treated with a
perichondrial arthroplasty. In this study we report on the results of 22 biopsies of
grafted tissue with a mean follow-up of 21 months. Biopsies were obtained at routine
arthroscopy after approximately one year, or at arthroscopy or arthotomy at a later
stage, when patients were re-operated because of recurrent complaints. Biopsies were
only taken when a partial failure was present, or a clear failure resulting in
fibrocartilage, a loose flap or a loose body. Biopsies were analyzed histologically,
biochemically for the amount of type II collagen, and immuno-histochemically using
antibodies for type I, type II, and type X collagen. The well-being of the patients was
investigated using the H.S.S. knee score.
The biopsies from 11 patients contained hyaline cartilage with good organization. In
the biopsies classified as good during arthroscopy, the mean relative value of collagen
type II was 56%. At arthroscopy the grafted area revealed 'macroscopically normal'
cartilage in 8/22.
Histological and biochemical analysis of biopsies from failed transplants showed
fibrocartilage with mainly type I collagen. These tissues were primarily retrieved from
patients with additional abnormalities in their knee joint. It is concluded that adult
human perichondrium is able to form hyaline-like cartilage in an isolated cartilage
defect in an otherwise healthy knee.
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INTRODUCTION
Full thickness defects of hyaline articular cartilage have a poor capacity to repair.
Spontaneous regeneration of traumatic and osteoarthritic (OA) cartilage defects results
in the formation of fibrocartilage (9,139,140,141). Shaving or drilling of a cartilage
defect also results in the formation of fibrocartilage, although it has been reported that
small defects may heal towards hyaline cartilage (9,12,142). Biomechanically,
fibrocartilage is inferior to normal hyaline cartilage and therefore may only provide for
a temporary less symptomatic joint.
The possibility to restore cartilage defects with autologous or homologous tissue
capable to form hyaline cartilage has been studied extensively
(43,47,48,63,75,94,95,143,144). These /« v/vo and /'w v/rro studies showed that animal
and adult human perichondrium were capable to form hyaline cartilage. The
transplantation of rib perichondrium to restore cartilage defects in the human knee was
introduced (45). Autologous rib perichondrium was transplanted to cartilage defects in
the knee using fibrin glue (Tissucol*) as an adhesive (145). One year after the
operation the transplantation had reduced the complaints of many patients
significantly (46). However, not every defect appeared to be repaired with hyaline
cartilage.
In this study we investigated the biological status of perichondrial transplants and
correlated these data with the preoperative clinical diagnosis of the patients. At
arthroscopy approximately one year after the operation, we examined whether the
transplant was firmly attached to the subchondral bone. Whenever ethically allowed, a
biopsy was taken and studied by histological and immunohistochemical methods.
Biochemically the percentage of collagen type II present in the biopsy was assessed.
The correlations between clinical, arthroscopical and histological results were
examined.

METHODS
Perichondrial arthroplasty was performed in 88 patients with articular defects in the
knee. Patients with osteoarthritis or previous operations such as drilling procedures to
induce cartilage repair of the knee were also included (45). For this study approval of
the Institutional Review Board was obtained.
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Perichondrium transplantation and post-operative treatment
During the first operation, the perichondrial transplantation, the chondral lesion was
identified and sharply cleaned until point-bleeding of the subchondral bone was
visible. The size of the defect was measured. Then the perichondrium was removed
from the anterior side at the cartilaginous part of one of the lower ribs at the conjoint
part near the sternum. Perichondrium was placed into the cartilage defect with its
chondrogenic side up (cambium layer up). The graft was fixed with fibrin glue
(Tissucol*, Immuno, Vienna, Austria) to the subchondral bone. After an
immobilization period of two weeks in a plaster, the operated knee was subjected to
continuous passive motion (CPM) for 6-8 hours a day until 90° of flexion was
reached (mean time: one week) (89). The patients were then allowed to walk nonweight bearing. Partial weight bearing was allowed 6 weeks after the operation and
continued until 12 weeks after the operation (45).
Biopsies
After approximately one year a routine arthroscopy was performed on all patients. No
patients were lost to arthroscopic follow-up. In this study we report the results of 22
biopsies of cartilaginous tissue in 22 patients (22/88) (Table I). Of these biopsies 8
were obtained at routine arthroscopy, and 14 at an arthroscopy or arthrotomy at an
earlier or later stage, performed because of recurrent complaints. The mean follow-up
at the time of the biopsy was 21 months (median 17).
Table I.
Macroscopical results of biopsies of perichondrial grafts; distribution
over two different patient groups
Group A'
Group B'
Loose body/fibrous cartilage
1
7
Hyaline cartilage
13
1
'A: patients with an isolated defect, no concommitant osteoarthritis.
*B: patients with concommitant osteoarthritis/anomalities.
At routine arthroscopy, biopsies were only taken in case of a loose flap of cartilage, a
loose body or a failure resulting in fibrocartilage. Biopsies were taken from the center
of the graft or at the rim in case of a loose flap. When core biopsies were taken, the
diameter of the biopsies was 3 mm and the depth approximately 1 cm. Smooth,
apparently normal cartilage was left undisturbed. If only a color change was seen at
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the margin of the transplant without any signs of loosening or changes in consistency,
no biopsy was taken and the result was classified as excellent.
Arthroscopy and clinical data
The quality of the cartilage at the transplant site and in the other parts of the knee was
assessed. Cartilage that looked normal and felt 'healthy' when compressed upon with
an arthroscopic hook, was distinguished from fibrocartilage, which was defined as
clearly softened cartilage with an irregular and fibrillated surface. The outcome of the
arthroscopy was classified 'excellent' if the transplant could not be distinguished from
the surrounding cartilage. A slight irregularity of the transplant with good fixation and
consistency was classified as 'good'. A slight irregularity of the transplant combined
with loosening and a graft feeling relatively too hard or too soft was classified 'fair'.
'Poor' results were grossly irregular or elevated grafts, large loose rims or bare areas.
The clinical results were scored using the Hospital for Special Surgery Knee Score
(H.S.S.S.). A result was rated as 'excellent/good' if the H.S.S.S. was >85, 'fair' if 75-84
and 'poor' if <75. Standard X-rays were obtained just prior to arthroscopy or
arthrotomy.
Histology and immunohistochemistry
For the histological evaluation a part of a biopsy was fixed in cold 4% buffered
formaldehyde (= 10% formalin) for 24 hours, a second part was frozen in Tissue-Tek.
Half of the samples were subsequently demineralized in 10% EDTA, dehydrated with
ethanol, transferred to Histosol (National Diagnostics, Sommerville, NY, USA) and
embedded in paraffin. The second half was not demineralized, and was embedded in
glycolmethacrylate (GMA) (Technovit 7100, Kulzer, Wehrheim, Germany). Ten
micrometer sections were stained with safranin-0 (1% filtered solution, pH = 6.7,
BDH chemicals, Germany), erös red, sirius red (0.1% Sirius red in picrin acid pH =
2.0, 90 min.) or alcian blue (only the paraffin embedded sections) (47). For the
qualitative analysis of the collagen type present in the newly synthesized cartilage
layer, histological sections were stained with specific antibodies to collagen types I
and II (Southern Biotechnology, Birmingham, USA). Frozen sections were stained
with a specific polyclonal antibody to collagen type X at the laboratory of Prof. Dr. K.
von der Mark, Erlangen, Germany) (146).
Microscopically, cartilage was defined as hyaline if the newly formed tissue showed
articular cartilage with its typical organization. Staining with alcian-blue revealed an
extensively and evenly stained matrix, indicating the presence of high amounts of
glycosaminoglycans (GAG).
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Hyaline cartilage and fibrocartilage were distinguished using sirius red staining of the
sections and polarization microscopy with monochromatic light. Hyaline cartilage is
hardly birefringent, whereas fibrocartilage shows randomly oriented, birefringent
collagen fibers (167). Other properties of fibrocartilage were an abnormal
organization of the cartilage with safranin-O stained sections and a strong, although
not even, staining with alcian-blue.
Sections of grafted tissue were scored as follows: ++ = > 50% hyaline cartilage with
good organization, + = < 50% hyaline cartilage with good organization, ± = fibrous
cartilage, - = 0% cartilage.
Biochemical analysis

For the quantitative analysis of collagen types 12 biopsies were used and subjected to
cyanogen bromide digestion. Cyanogen bromide derived peptides were analyzed with
sodiumdodecyl sulfate polyacrylamide gel electrophoresis as described by O'Driscoll
et al. (147). Type I Collagen from rat tail tendon (Boehringer Mannheim, Almere, The
Netherlands) and type II collagen from human articular cartilage were used as
standards (148).
Correlations

The correlations between clinical, arthroscopical and histological results were
examined using the Spearman's rho test.

RESULTS
The mean follow-up of the time of biopsy after the perichondrial arthroplasty was 21
months (5-61). The mean surface area that was repaired with perichondrium was 2.4
cm'. There were no significant differences in the dimensions of the defects between
failed and successful transplants. There were no complications at the donor site.
Macroscopical results
The attachment of the transplant to the subchondral bone was examined
macroscopically. We checked upon any loosening of the transplant or whether the
transplant had formed a loose body.
In 14 of the 22 patients a loose flap at the rim of hyaline-like repair cartilage was
taken as a biopsy. These biopsies were part of full depth cartilaginous tissue. In a few
cases, fibrillated pieces of poor quality were removed.
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Detached transplants seen as loose bodies were found in 4 patients, leaving a clear
defect in the cartilage unto the subchondral bone or a defect filled with fibrocartilage
or fibrous tissue at the original transplantation site.
In 4 other patients biopsies were obtained from the transplantation sites that were
filled with fibrocartilage. Radiologically diffuse calcification of the transplant was
seen in these 4 patients between 6 and 12 months after the perichondrium
transplantation (153). The 8 biopsies showing fibrocartilage or complete loosening of
the graft were merely obtained from patients who had additional anomalies in the knee
at the time of the primary operation, such as meniscal tears, instability or degenerative
changes (Table I).
Microscopical results
Overall, histological analysis of the newly formed tissue showed cartilage with hyaline
aspects as seen in normal articular cartilage with flattened cells in the superficial layer
and more rounded cells in the intermediate and deep zones (Fig. 1).

Figure 1. Light micrograph of a section of biopsy number 3 (Table II) from a patient of group
A. Aspect of hyaline-like cartilage. Normal, regular aspect of chondrocytes embedded in
evenly stained cartilage matrix indicating the presence of high glycosaminoglycans normal for
hyaline cartilage (lOum; alcian blue; x 20).
17

More or less hyaline-like cartilage was seen in 11/22 biopsies. The matrix stained
extensively and evenly with alcian blue. Polarization microscopy showed an
homogeneous, hardly polarizing tissue without signs of type I collagen fibers (Fig. 3).
These sections did not stain with the calcium dye erös red (data not shown).
Immunohistochemical staining revealed the presence of type II collagen, whereas
collagen type I and X were not detected.

Figure 3. Light micrograph of a section of biopsy number 3 (Table II). See Figure 2. Section
of a biopsy of a perichondrial transplant. The well organized tructure of the hyaline cartilage
to the subchondral bone can be seen (10 (im; sinus red using polarization technique; x 10).
In the 4 patients where biopsies were obtained from transplantation sites that were
filled with softened, fibrillated cartilage, the subchondral bone showed new osteoid
apposition. Calcification of the fibrillated tissue was seen using erös red staining.
Sections of this tissue stained with H/E showed fibrocartilage and fibrous tissue.
Zones of fibrous tissue were seen next to regions with hyaline-like cartilage. The
matrix stained strongly but not evenly with alcian-blue (Fig. 4).
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Figure 4. Light micrograph of a section of biopsy number 14 (Table II) from a patient of
group A. A large cleft at the surface of the cartilage can be seen next to large cell nests and
other degenerative changes. The matrix is not evenly stained and the normal architecture is
lost (10 um; alcian blue/PAS; x 10).
Polarization microscopy of sirius red stained sections showed randomly oriented,
diversely stained collagen fibers and confirmed the presence of fibrocartilage.
Sections stained positively with antibodies to type I and type X collagen.
The histological aspect of loose bodies showed a typical area of central ossification
surrounded by fibrocartilage (data not shown).
Transplants from patients with isolated cartilage defects and an otherwise healthy knee
(group A) showed hyaline-like cartilage with good organization in 6/14 of the cases
(Fig. 2).
Biochemical results
Biochemically, the content of collagen type II varied from 0 to 82% in the 12 biopsies
analyzed (Table II). In the biopsies classified as good during arthroscopy both
collagen type I and collagen type II were present. The mean relative value of collagen
type II was 56% (Table II: pat no. 3,5,7,8,9).
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Figure 2. Photomicrograph of a section of biopsy number 3 (Table II) from a patient of group
A. Magnification 10 x. Staining sirius red. Section of a biopsy of a perichondrial transplant. A
good attachment of the cartilage to the subchondral bone can be seen. The matrix and the
orientation of the chondrocytes resemble normal hyaline cartilage.
Clinical results

Using the H.S.S. knee score 5 patients were rated as excellent or good, 2 patients
scored fair and 15 patients poor (Table II).
Statistical analysis
There was a strong correlation between the arthroscopical and clinical results (p =
0.002).
The correlations between histology versus clinic or arthroscopy were not significant.

DISCUSSION
In this study the potential of perichondrium transplanted into a cartilage defect of the
knee to form hyaline cartilage was examined. The 5-year follow-up of the clinical
results, resulting in a limitation of the inclusion criteria, were described in a previous
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study (153). Perichondrium was placed with the chondrogenic layer up. Previous
unpublished work by Homminga did not show great differences (as confirmed by
Salter), but placing the cambium layer up was slightly preferential.
Histological and biochemical studies were done on biopsies from grafts obtained at
arthroscopy or arthrotomy at a mean follow-up of 21 months. Size and location of
both the defects and the biopsies were not standardized, which may partly account for
the variability in the results. Another source of variability is the diversity in clinical
diagnosis.
At arthroscopy biopsies were only taken when a loose flap of cartilage, a loose body
or a failure with fibrocartilage were present. The histological results seem
disappointing but one has to take into account that no biopsies were taken from
normal, firmly attached grafted tissue.
Histological and biochemical evaluation of the biopsies confirmed the data of other
authors showing that autologous rib perichondrium is able to form hyaline cartilage in
the human knee (45,75,145).
Radiological calcification protruding from the subchondral bone plate was seen in the
successful cases. This did not influence the histological or arthroscopical aspects of
the transplant, neither did it affect the clinical outcome at the respective follow-up.
Histological ly, the loose rims of the transplants obtained from successful cases (one
year after the operation) consisted mainly of hyaline-like cartilage. Hypertrophy of the
chondrocytes or the presence of collagen type X was not observed in these biopsies at
this short term follow-up (150). No calcification was found in these biopsies,
suggesting that the calcification as seen radiologically was merely outgrowth of the
subchondral bone, resulting from fixation of the subchondral bone to the perichondrial
graft. This ossification process may lead to thinning, and at the long-term to
degeneration of the regenerated cartilage (156). However, our ten-year follow-up data
do not show such a trend (chapter 10).
The relatively high content of collagen type II confirmed the presence of primarily
hyaline cartilage.
The loose flaps found in 14 of the 22 patients appear to be derived from failures of
attachment, although detachment due to overgrowth and/or incongruency can not be
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excluded. The loosening of the transplants may have been caused by insufficient
scratching of the subchondral bone (44). On the other hand, when too much
subchondral bone was removed, the restoration of bloodflow might have been the
cause for the transplant to loosen. The use of fibrin glue has been subject of much
debate, because of the limited adhesive properties. Another biological adhesive, tissue
transglutaminase, may be a good alternative, but this will need further investigation
(168,169). Also the incongruency in the post-operative period when CPM was
applied, may be responsible for the frequently observed loosening of the transplant in
these degenerative joints.
In those patients where perichondrial transplantation was performed in a knee with
additional degenerative changes of the cartilage, failure of the perichondrium to
produce firm healthy cartilage was observed at control arthroscopy. Diffuse
calcification throughout the graft was seen radiologically and histologically, although
the clinical results at that time were not as bad as arthroscopical and histological
results suggested. Our data indicate that hypertrophic differentiation of the cells in the
graft might be an explanation for the early calcification of the transplant in an
osteoarthritic joint. The presence of type X collagen is indicative of hypertrophic
chondrocytes, which are responsible for the calcification of the matrix. Whether this
process is influenced by factors present in the synovial fluid of osteoarthritic joints, as
has been suggested by other investigators, remains to be elucidated (150-152). Also,
the usual sclerosis of the subchondral bone in an osteoarthritic joint will severely
hamper the scratching procedure, which appeared to be critical as is discussed above.
All together, it is concluded that osteoarthritis is a contra-indication for a
perichondrium transplantation. After the outcome of this study, the inclusion criteria
for this procedure to restore articular cartilage defects were adjusted.
The difference in correlations between histology on one side and clinic and
arthroscopy on the other are probably due to the difficulty of obtaining a biopsy in an
area without clear macroscopical borders between normal cartilage, cartilage deriving
from the perichondrial transplantation or fibrocartilage.
This study suggests that even relatively large isolated cartilage defects can be treated
with a perichondrial arthroplasty. When combining the histological, biochemical,
arthroscopical and clinical data it is clear that only in patients without degenerative
changes in the rest of the knee, healthy hyaline cartilage may be expected.
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Table II.
List of samples obtained at arthroscopy
No Age' FU* Indie' Loc''

Size' Rest' Arthr result«

Clin result*

% If

Histf

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

3
1
2.3
2
1
2
1
4.5
3.8
1.4
3
3
2.3
3.8
1
3
6
2
2
1.5
2
0.4

POOR
POOR
GOOD
POOR
POOR
POOR
FAIR
POOR
EXCELL
FAIR
POOR
GOOD
POOR
POOR
POOR
POOR
GOOD
POOR
POOR
POOR
POOR
GOOD

10
82
77
27
20
66
75
48
61
0
0
0
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

+
++
+
±
+
++
+
++
+
±
±
±
±
++
-

22
30
35
27
42
27
22
31
33
43
22
26
16
17
30
27
32
44
27
41
15
38

19
21
10
14
27
14
6
34
10
5
19
10
14
24
21
61
13
16
13
43
31
26

UK
TR
TR
OD
UK
OD
DL
OA
TR
UK
UK
UK
UK
TR
TR
UK
OA
OA
TR
TR
OD
TR

PAT
PAT
MFC
MFC
PAT
MFC
PAT
PAT
MFC
MFC
PAT
PAT
PAT
PAT
PAT
PAT
TRO
PAT
PAT
MFC
MFC
PAT

A
A
A
A
A
A
A
B
B
A
A
A
A
A
A
A
B
B
B
B
B
C

POOR
POOR
GOOD
POOR
GOOD
POOR
GOOD
GOOD
GOOD
GOOD
POOR
GOOD
POOR
POOR
POOR
POOR
FAIR
POOR
FAIR
POOR
GOOD
FAIR

-H-

++
ND

* = age patient at time of perichondrium transplantation. * = follow-up in months at time of
arthroscopy and collecting the sample.' = indication for perichondrial arthroplasty; OA,
osteoarthritis, OD, osteochondritis dissecans, DL, dislocation, TR, trauma, UK, unknown.
*" = location of defect; PAT, patella, MFC, medial femoral condyle, TRO, trochlea.' = size of
graft in cml ' = quality of cartilage in the rest of the knee; A, normal cartilage, B, Grade 1-2
osteoarthritic changes, C, Grade 3-4 osteoarthritic changes.
* = arthroscopical result; Excellent: transplant can not be distinguished from surrounding
cartilage, Good, slight irregular transplant with good fixation and consistency, Fair: irregular
transplant combined with loosening and/or graft feeling relatively too hard or too soft, Poor:
grossly irregular or elevated grafts, large loose rims or bare areas. * = clinical result; H.S.S.S.
85-100: excellent/good, 75-84: fair, < 75: poor.
' = percentage Collagen type II, ND, analysis not done.' = histology score; ++: > 50% hyaline
cartilage with good organization, +: < 50% hyaline cartilage with good organization, ±:
fibrous cartilage, -: 0% cartilage, ND, biopsy not taken
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CHAPTER 10

Ten year follow-up of human perichondrial grafting
versus debridement of cartilage defects in the knee, v
S.J.M. Bouwmeester, R. Kuijer, G.N. Homminga, S.K. Bulstra, R.G.T. Geesink

Submitted to The Journal of Bone and Joint Surgery, American Volume
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From 1986 to 1992, 88 patients with articular cartilage defects in the knee were treated
with a perichondrial transplantation (PT). In the lesions an autogenous strip of costal
perichondrium was fixed with fibrin glue. Fourteen patients met the revised inclusion
criteria: age under forty years, no previous drilling or shaving of the defect, no more
than one graft at the time of operation and no more than osteoarthritis grade two in
other parts of the knee (153). Using the same inclusion criteria, a second group of
eleven patients was formed from another prospective study consisting of 150 patients.
These patients underwent an arthrotomy and debridement and drilling (DB) of the
cartilage defect.
The results of both procedures after ten to eleven years were evaluated with the
Hospital for Special Surgery Knee Score (HSSS), X-ray examination, by clinical
examination and by Visual Analogue Scale (VAS). Both techniques resulted in a
general improvement.
Compared to the situation before the operation, after ten years the PT group showed a
slightly larger increase concerning the HSSS difference (PT 18,5 <-• DB 17,7). The
VAS for walking was slightly worse for the PT group (PT 2,0 <-> DB 1,1). In rest the
scores were PT 0,9 «-» DB 0,7. Both groups showed an equal number of irregular
operation surface sites on X-ray (PT 9/11 <-• DB 8/10).
This study shows that ten years after treatment, perichondrium transplantation does
not perform better than open debridement and drilling. This raises questions about the
added value of perichondrium transplantation over open debridement.
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INTRODUCTION

^ i Uts
i

Articular cartilage defects have a poor capacity to repair. Superficial cartilage defects >
do not heal at all. Full thickness defects penetrating the subchondral bone heal with a i
fibrous or fibrocartilagenous tissue, biomechanically inferior to healthy hyaline
cartilage (11,12,17). Nevertheless, the current treatment of such defects is focussed on
removing diseased tissue and penetrating the subchondral bone to allow filling of the
defect with fibrocartilage (21,154). In short this operation is called debridement and >
drilling.
Many methods to restore articular cartilage have been investigated, with varying
results in animal studies and clinical trials (18). These include transplantation of
osteochondral shell grafts, autogenous transplantation of perichondrium or
periosteum, chondrocytes or mesenchymal stem cells (29,161,162). The use of
Holmium:YAG laser is still controversial (163).

• •'?

A widely used technique to reduce pain and improve joint function is to shave the
damaged cartilage and to drill holes into the subchondral bone. There is no evidence
that shaving alone stimulates repair (164). The relief is usually temporary unless an
additional procedure intended to correct the underlying abnormalities that created the
cartilage damage in the first place is added (patellar realignment/ high tibial osteotomy
for varus or valgus abnormalities) (15). The resulting fibrocartilagenous tissue may
provide for a less symptomatic joint, but also for early onset of osteoarthritis.
Debridement of an incongruent cartilage can decrease the mechanical and
inflammatory symptoms of unstable flaps or from fibrillation or other distortion from
anatomy. Repair tissue can reduce symptoms but it does not prevent deterioration of
the cartilage (18).
Rib perichondrium when transplanted into a cartilage defect produces a repair tissue
that resembles hyaline cartilage (63,64,69,95,99,155,156). In an animal model, this
newly formed cartilage has been shown to have the same visco-elastic properties as
hyaline cartilage (75). Neocartilage with histological and biochemical qualities similar
to that of normal articular cartilage has been reported one year after perichondrial
grafting in rabbit knees (67,71,94,95).
In 1990 Homminga et al. reported on twenty-five patients from a prospective study. In
these patients, thirty chondral lesions of the knee were treated with an autogenous
strip of perichondrium. (45) Graft fixation was done by using non-toxic, non-allergic
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and biodegradable fibrin glue (73,101). After an immobilization period of two weeks
in a plaster of Paris, the operated knee was subjected to continuous passive motion
(89). Within one year post-operative increased density was seen on radiographs,
indicating some degree of mineralization of the cartilage.
.. ,
:•
The purpose of this study is to assess which procedure to repair isolated cartilage
defects gives the best results in the long-term; perichondrial transplantations or open
debridements with drilling.

PATIENTS AND METHODS
Before starting this study, the following inclusion criteria were chosen: age under
forty years, no previous drilling or shaving of the defect, no more than one graft at the
time of operation and no more than osteoarthritis grade two in other parts of the knee
(grading according to Dandy and Jackson) (100,157).
From 1986 to 1992, fourteen patients with an articular cartilage defect were included
in this study. They were treated with a perichondrial arthroplasty at The University
Hospital of Maastricht and followed prospectively. The study was approved by the
local ethics committee and was performed in accordance with the ethical standards
laid down in the 1994 Declaration of Helsinki. An informed consent of the patients
was obtained prior to inclusion in the study.
As a consequence of the use of the aforementioned criteria, only a limited number of
patients could be included in this study. The patients that underwent debridement and
drilling were selected from a parallel prospective study using the same inclusion
criteria. From two relatively large groups of patients (PT 88, DB 150), only a few
patients were included (PT 14, DB 11). The majority of patients suffered from more
damage to the articular surface. This was also the case for patients under the age of
forty.
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Table I.
Data on the patients: Perichondrial arthroplasty
Pat Age' FlP Defect'

Size' TV PC' PrHSS ' HSS/FU' HSS/FU'

Remarks' ,

64 / 7
2.50 - 120 78
89 Rpat
Patellect
1 26
113 L pat
1.00 +
5 88
98 /17
100/113
2 17
3.00 +
12 57.9
92.5/12
100/129
129 Rmfc
ACLrec
3 22
>
97.5/12
4 25
132 Rmfc
1.50
15 72
80/132
94 Rpat
2.50 +
36 64.5
88.5/12
69/ 94
5 22
97 /ll
2.25
36 80
88/ 85
85 Rpat
6 36
89.5/12
142 L mfc
2.25
48 78.9
97/142
7 35
2.00
24 53
99 /17
Valg tib ost
8 37
103 Rmfc
24 72.6 78.5/25
Drilling
6.25
9 30
121 Rmfc
2.00 + 24 79.8
100/17
98/115
10 22
115 Rpat
127 L mfc
0.5
48 86.5
100/11
94/127
11 27
+
4
63.3
100/137
12 24
137 Lmfc
3.75
95.5/11
3.00
48 79
93.2/ 8
99/100
13 21
100 L mfc
26 75.5
87.5/16
87/140
14 22
140 Rmfc
1.50 +
Mean
92/119
2.4
33 73.5
91.5/13
26
116
' = age at the time of the operation, * = total follow-up in months, * = place of defect: pat =
patella, mfc = medial femoral condyle, *= size of defect in cm*, '= previous trauma,
* = preoperative duration of complaints in months,' = Hospital for Special Surgery Score before
the operation,* = Hospital for Special Surgery Score at number of months post-operative,
' = patellectomy, anterior cruciate ligament reconstruction, valgus high tibial osteotomy

In the perichondrium group nine right and five left knees were treated in three women
and eleven men. Most of the defects were situated in the medial femoral condyle (9).
Five defects were grafted in the patella. The average defect size was 2.4 cm*. The
average follow-up was nine years and eight months (range 85-140 months) and the
average age was twenty-six years (Table I).
A second group of patients applying to the same inclusion criteria was chosen from
another prospective study on debridements. These patients underwent open drilling of
cartilage defects between 1978 and 1992. In the DB group six right and five left knees
were treated in four women and seven men. Most defects were situated in the patella
(6). Four defects were grafted in the medial femoral condyle and one in the lateral
femoral condyle. The average defect size was 3.2 cm*. The average follow-up was
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eleven years (range 73-247 months) and the average age was thirty-one years (Table
I)This study was not randomized. Patients were selected from two different prospective
studies; one on open debridement and drilling (1978-1992), and one on perichondrial
arthroplasty (1986-1992). This explains the differences in follow-up in the
debridement group. All patients complying to the inclusion criteria were also included.
Operation technique perichondrial arthroplasty. The affected leg was
exsanguinated during general anaesthesia, the patient was in a supine position. The
knee was opened through a medial parapatellar incision and the patella was dislocated
laterally if necessary. The chondral lesion was identified and sharply cleaned until
point-bleeding from the subchondral bone was visible. Point-bleeding was thought to
provide for a cellular passage due to a better contact with the subchondral bone. The
surrounding cartilage was cut in order to demarcate the lesion. An oblique incision
was made over the lower part of the left side of the chest. The fascia of the rectus
muscle was split transversely, and the muscle was split in the line of its fibres. Then
the perichondrium was removed including its chondrogenic layer from the
cartilaginous part of one of the lower ribs. The graft was cut to the size of the defect.
In large defects sometimes two transplants were needed to cover the entire surface of
the defect.
The graft was fixed with fibrin glue (Tissucol", Immuno, Vienna). The perichondrial
graft was placed on the subchondral bone with the chondral side facing the joint; it
was then firmly pressed to the underlying bone with a wet gauze for one minute. The
knee was moved to assess the fixation of the graft. The patella was relocated and the
wound closed.
After an immobilization period of two weeks in a plaster of Paris, the graft was
thought to be sufficiently attached and the operated knee was subjected to continuous
passive motion for another two weeks (73,74,89). Movement was encouraged, but for
grafted lesions of the patella or the intercondylar groove the flexion was limited to
30°. Four weeks after the operation, patients were mobilized non-weight-bearing;
active movements were encouraged. Full weight-bearing was started three months
after the operation.
Operation technique debridement. The affected leg was exsanguinated during
general anaesthesia, the patient was in a supine position. The knee was opened
through a medial parapatellar incision and the patella was dislocated laterally if
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necessary. The chondral lesion was identified and cleaned. Thin drill holes were made
using a 1.2 mm drill until point-bleeding from the subchondral bone was visible. After
rinsing the knee with Ringers lactate, the patella was relocated and the wound closed.
The aftertreatment consisted of four weeks non-weight-bearing, but active movements
were encouraged. Full weight-bearing was started three months after the operation.
Analysis. The results were evaluated by means of the HSSS for knee function, by Xray examination and by a Visual Analogue Scale (VAS). The Hospital for Special
Surgery Score by Ranawat et al. takes into account daily activities and a clinical and
functional examination (76). The Visual Analogue Scale was used to measure pain
while walking and pain at rest. The X- ray examination was performed during the last
follow-up and compared to the situation one year after the operation. Signs of
degenerative disease, calcification of the graft and irregularity of the operation surface
site were noted. For statistical analysis, a paired /-test was used.
RESULTS
i

Three patients from the PT group were not included in the final assessment because of
an additional operation interfering with the results (Table I). In patient number 1 the
patella was removed after seventy-seven months because of incessant pain. This was
done for an original defect of 2.50 cm*, followed by an unsuccessful debridement.
Patient number 8 underwent a high tibial osteotomy after fifty-four months to reduce
the undiminished pain in his medial compartment, based on a defect of 2.00 cm* on his
medial femoral condyle. In patient number 9 the loose rims of the graft were debrided
and subchondral drilling was performed after fifty-six months. This patient was free of
symptoms after this last procedure.
Patients: The mean age in the perichondrium group (Table I) was twenty-six years and
the mean follow-up was 116 months. The average defect size was 2.4 cm*. One patient
received an anterior cruciate ligament (bone-patella-bone) during the same procedure.
This did not interfere with the treatment and after-treatment. The mean duration of
complaints before the operation was thirty-three months. In 5/14 patients a trauma was
the cause of the articular cartilage defect. In the other nine patients no cause of the
defect could be detected.
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Table II
Data on the patients: Debridement
•

-

Pat Age' FU'

•

•

•

•

•

•

•

»

•

•

•;-.i-. - • .

,i

Defect' Size' Tr>

-

','•';•

i'i

• :

PC

PrHSS' HSS*

1
Lmfc 0.25 10
77
30 73
86
9
77
2
28 75
L mfc 9
99
36
85
94
36 223
Rife
2.25 3
4
38 205
Rpat 2.25 +
48
76
99
1
Lpat
68
84
5
32 152
36
79
Rpat
3
+
80
99
6
33
36
7
37 247
Lpat 2.25 18
91
91
26.4 97
79
Rmfc 8.75 +
3
8
31
9
20 79
Rpat 2.25 +
5
90
97
10 25
80
Lmfc 2.25 +
5
85
99
11 32 165
Rpat 2
+
48
91
97
32
23
77
94.7
Mean 31 132
' = age at the time of the operation, * = total follow-up in months, * = place of defect: pat:
patella, mfc: medial femoral condyle, lfc: lateral femoral condyle, *= size of defect in cm\
' = previous trauma,' = pre-operative duration of complaints in months,' = Hospital for
Special Surgery Score before the operation,' = Hospital for Special Surgery Score at number
of months post-operative.

In the debridement group (Table II) the mean age was thirty-one years and the mean
follow-up 132 months. The average defect size was 3.2 cm*. One patient refused the
X-ray because of her pregnancy. The mean duration of complaints before the
operation was twenty-three months. In 6/11 patients a trauma caused the articular
cartilage defect. In the other five patients no cause of the defect could be detected.
HSSS: Fig. 2 and Table I and II: In the perichondrium group the mean HSS score
changed from 73.5 before the operation to 92 after the last follow-up. In the
debridement group the HSS score changed from 77 to 94.7. No significant difference
could be detected with the numbers available. The difference in HSS score measured
before the operation and after ten years was in both groups approximately the same.
The PT group improved somewhat more than the DB group although no trend was
seen(PT 18.5-DB 17.7).
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VAS: Figure 1 and Table III: The VAS for walking improved in the perichondrial
group from 2.8 after one year to 2.0 after ten years. In rest the scores changed from 1.8
to 0.9. In the debridement group after ten years the results for walking were 1.1 and in
rest 0.7. No significant difference could be detected with the numbers available.

Figure 1
Visual Analogue Scale

D

Vas walking
Vas rest

Graph showing the differences between the
perichondriumgroup (PT) and the
debridementgroup (DB) ten years follow-up

X-ray examination: Table IV: X-ray examinations showed increases in subchondral
sclerosis. In the PT group this was the case in 3/11 patients and in the DB group 4/10.
More spurs were seen in the DB group 4/10 as compared to the PT group 3/11.
Irregularities were seen as calcifations of the graft, or subchondral sclerosis and
thickening of the debrided site. In the PT group 9/11 X rays showed marked
irregularities and in the DB group these were seen in 8/10 of the cases. The changes
were seen at the same extent in both groups at the last follow-up (Figs 3,4).
Clinical examination: All patients underwent a clinical examination. The results of
these examinations are already incorporated in the HSS score. One of the fourteen
patients who underwent a perichondrium transplantation still had pain on the donor
site (rib).
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Figure 2
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HSSS at follow-up
HSSS before operation
Graph showing the differences between the
perichondriumgroup (PT) and the
debridementgroup (DB) ten years follow-up
Table III
Data on the patients: Visual Analogue Scale
Pat Grp'

Wlk/Rst* atFl P Wlk/Rst atFU Remarks

Patellectomy
7
PT 7.5/7.0
0.7/0.0
17
0.2/0.3
113
PT
2
0.0/0.0 129
3 PT 3.0/2.5 12
2.0/0.5 132
4 PT 3.5/3.0 12
8.1/4.6 94
5 PT 1.6/0.0 12
3.8/0.2 85
6 PT 0.7/0.4 11
4.3/3.7 142
7 PT 6.0/5.3 12
Valg tib ost
8 PT 0.2/0.1 17
Drilling
9 PT 4.7/0.6 25
0.2/0.1 115
10 PT 0.0/0.0 17
2.3/0.2 127
11 PT 2.5/2.6 11
0.0/0.0 137
12 PT 6.0/4.0 11
8
0.0/0.0 100
13 PT 0.0/0.0
16
1.4/0.0 140
14 PT 3.0/0.0
2.0/0.9 119
Mean
2.8/1.8 13
' = PT: perichondrial arthroplasty group, DB: debridement
for walking and in rest,' = Follow-up in months.
1
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Pat

Grp'

Wlk/Rst

1
2
3
4
5
6
7
8
9
10
11

DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB

4.4/2.9
0.7/0.2
1.2/0.4
0.3/0.3
4.0/3.7
0.0/0.0
0.1/0.1
0.2/0.3
1.2/0.0
0.0/0.0
0.0/0.0

atFU
73
75
223
205
152
79
247
79
79
80
165

132
DB
1.1/0.7
group, * = Visual analogue scale

Figure 3. X ray of patient from PT group. » = calcification of the graft/subchondral sclerosis
on the medial femoral condyle. X ray taken after 85 months follow-up.

DISCUSSION
In this study the long-term effects of a perichondrial arthroplasty versus an open
debridement were examined. In a previous prospective study criteria were put forward
whereby this procedure could be performed with a success rate of approximately 90%.
Perichondrial or periosteal arthroplasty are the only experimental procedures thusfar
that result in repair of cartilage defects with hyaline-like cartilage (156,158). It was
considered important to know whether this experimental technique performed better
clinically in the long-term compared to the generally used debridement procedure.
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Figure 4. X ray of patient from DB group. » = calcification of the repair tissue/subchondral
sclerosis on the medial femoral condyle. X ray taken after 80 months follow-up.
Three patients were lost at the last follow-up (Table I). Patient number 1 underwent
two operations after the perichondrial grafting: during the first operation thirty-eight
months later, a debridement of the patella was done. A second operation was
performed because of consistent pain after seventy-seven months: the patella was
removed completely. This patient was still not satisfied after the last procedure. Patient
number 8 underwent a high tibial osteotomy after fifty-four months. His pain
subsided, but only for one year. Overall his complaints were less compared to the
situation before the perichondrial transplantation. In patient number 9, drilling in the
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original transplantation site was performed after fifty-six months. After this procedure
he was satisfied.
Shortcomings of the perichondrial arthroplasty technique are calcification of the graft
and delamination of the cartilage (153). These are potentially significant limitations to
the long-term efficacy of the technique. Both these topics were studied and attempts
for improvements have been made. Studies to strengthen the bond between the graft
and the host tissue by implantation of biodegradable, biocompatible polymers, or
enzymatic treatment of the host tissue have been undertaken (7,166). Nowadays
patients receive indomethacin to reduce the calicification of the graft. This improves
the durability and visco-elastic properties of the graft. By using indomethacin to
prevent excessive calcification, the results in the future will hopefully improve,
although calcification may play an important role in the fixation of the graft.
Healthy articular cartilage can stand a high amount of intensive and repetitive stress.
However, the capacity to repair even the smallest injury is surprisingly low. The
respons of cartilage to injury differs from that of other tissues because of the lack of
vascular tissue, the immobility of chondrocytes, and the limited ability of mature
chondrocytes to proliferate (159,160). Debridement and drilling results in
mechanically inferior fibrocartilagenous tissue. Differences in quality of repair tissue
have been described using different sizes of drills (20). In our debridement group 1.2
mm drills were used on the basis of data in literature. These drills were used because
better hyaline-like repair tissue was seen with this size. In this way both groups were
compared using the best treatment modalities available.
Radiographs taken post-operatively of patients who underwent a PT, showed
calcification of the graft in a considerable number of cases. Plenk and Passl suggested
that the mineralization of the basal layer of newly formed cartilage is increased
compared with normal cartilage (91,102). This increased mineralization may have a
negative impact on the visco-elastic properties of the cartilage and on its durability.
Dzioba described a study in which sixty-five articular cartilage lesions were treated by
complete vertical excision of diseased or injured articular cartilage followed by
drilling of the subchondral bone plate. The overall clinical results after two years were
69% good, 3% fair and 28% poor (21). In another study by Timoney et al.
debridement of the knee was performed in 109 patients (111 knees). After a mean
follow-up of 50.6 months, arthroscopic debridement offered measurable relief for 63%
of the patients for a significant period of time (19). Menche et al. compared abrasion
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burr arthroplasty and subchondral drilling in rabbits and found that, although both
techniques were suboptimal, after 6 months, subchondral drilling resulted in a longerlived repair than abrasion arthroplasty in the treatment of full-thickness lesions (165).
The results of the debridement group where open drilling had been the procedure
seem somewhat better than according to literature, but one must keep in mind that
only a selected group of patients was included. Patients younger than 40 years seem to
do better almost regardless of which treatment had been offered. Nowadays all
debridements are performed arthroscopically because of a number of reasons. The
morbidity of an arthroscopical procedure is lower and patients can return to work
earlier. These issues carry big advantages seen economically. Perichondrial
arthroplasty will always carry the disadvantages of an arthrotomy. Next to that,
perichondrial arthroplasty requires a second operation area, the rib. In the case of a
periosteum transplantation, one incision can be used for harvesting and transplanting
the graft. If the long-term results are at least equal to those of perichondrial
transplants, periosteum transplantation would eventually be preferrable (82).
To justify the disadvantages compared to arthroscopic debridements, superior results
of perichondrial transplantation in the long-term are required. Ten years after the
treatment this does not seem to be the case. However, considering the age of the
patients at the time of treatment a longer follow-up may be necessary to illustrate the
potential and theoretical advantages of perichondrial arthroplasty over debridement
and drilling.
In conclusion, perichondrial arthroplasty used to repair isolated articular cartilage
defects does not show better clinical results than open debridement and drilling after
ten years.
In order to establish the value of the theoretical advantages of perichondrium
transplantation, longer follow-up will be necessary.
To achieve useful evaluations, this should be done in randomized prospective studies
with sufficient numbers of patients and extreme long follow-up periods. In patients
with more or larger cartilage defects, perichondrial arthroplasty has shown to be less
successful than drilling. In the selected groups of this study, both treatments are equal.
Improving the results of debridement and drilling will be difficult. For the time being
we prefer the drilling procedure as the golden standard for articular cartilage defects.
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CHAPTER 11

Discussion
No common evaluation system of postsurgery results in cartilage repair and no
accepted classification system regarding the description of cartilage defects exists. ''
Therefore it is difficult to compare the results of different cartilage treatments. A
complete evaluation of cartilage repair is possible only if biopsies are taken. Of great
importance is the fact that results from animal studies may not be easily extrapolated
to humans. Many differences exist like cartilage thickness, cell concentration,
structure and so on.
Despite many studies, no good technique has been found to generate the genuine
hyaline cartilage. The histological results are often disappointing, although many
different techniques are used. It still remains controversial whether the histological
result is more important than the clinical result. A good example of this was the use of
woven carbon fiber implants in drilled lesions. The resulting repair tissue was
fibrocartilaginous. Cartilage was not regenerated using this technique, but pain
subsided and function improved in most patients (173).
Until now, the clinical results were reasonable, whereas the histological results were
dubious. In which direction we have to go in order to deal with this problem remains
the question. Is it better to produce cartilage of a better quality, like with the use of
stem cells or tissue engineering? Or is it better to focus on complete synthetic
replacement of the cartilage? Or is the key to this answer primary prevention of
damage?
Another way of approaching the subchondral bone is by using synthetic materials.
The subchondral bone carries the loads transmitted by the cartilage, and defects
predispose for degenerative disease. Many synthetic bone grafts substitutes like
Polyactive™ have been used to repair the subchondral bone. Other synthetic bone
grafts like hydroxyapatite and the resorbable tricalcium phosphate have been used as a
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scaffold (129). Improvements in pore configuration, mechanical properties and
osteoinductive capacity of synthetic bone grafts substitutes should widen their future
clinical application.
One way of preventing more damage to the cartilage after an isolated cartilage defect
has emerged, might be the protection of the surface of the cartilage. Aggrecan is
thought to leak from the superficial layers of the cartilage, thereby further damaging
the structural integrity. Some studies were performed with chondrocyte protectants
like hyaluronate, arteparon or rumalon (171,172, 178). Hyaluronate seems promising
to prevent deterioration of cartilage damage in an early stadium. These studies are still
speculative. Perhaps these therapies can stand alone in specific cases, or as additional
therapies to a more fundamental repair process.
It may be important to focus more on the natural biomechanical environment and
mechanisms. Until now not much attention has been paid to this issue. Biomechanical
testing is difficult and not very often performed when reviewing the literature.
Although it is hard to realize in human studies, in the future this will become more and
more important. Dynamic compression after a surgical procedure to repair cartilage
could improve the results. It is critical to obtain some mechanical information beyond
simple palpation with a probe.
Much attention is paid nowadays to techniques using, for example, growth hormones,
tissue engineering or osteochondral progenitor cells. The biomechanical environment
has to be taken into account as an important factor.
Growth hormones can possess very divers working mechanisms, if known at all. They
have a chondrogenic effect on immature cartilage. Transforming Growth Factor-ß for
example upregulates the expression of Type II collagen mRNA's. The optimum dose
is important; a relative overdose inhibits these processes (174).
Insulin growth Factor 1 (IgF-1) alone stimulates chondrocytes DNA and proteoglycan
synthesis. Growth hormone alone has no effect on either process, whereas when both
hormones are used at the same time, more proteoglycan synthesis and keratan sulphate
is seen than by using IgF-1 alone (176).
Osteogenic protein 1 (OP-1, BMP-7) is known to stimulate cartilage differentiation of
human perichondrium tissue in vitro. The effect of Interleukin 1 (IL-1) on chondrocyte
function is negative: there is a decreased repair and an increase in degradation
fragments of the matrix. IL-1 together with OP-1 restores the proteoglycan synthesis
(175).
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It is essential to know the exact working mechanism of each of these hormones before
they can be used in human clinical studies. Combining different hormones may induce
beneficial reactions.
••.,»;n-ißriq
Cartilage which does not repair itself and bone which does, are derived from a
'
common progenitor cell. The use of mesenchymal stem cells acting as osteochondral
progenitor cells derived from the periosteum or bone marrow is in an early research
stage. By using the recapitulation of embryonic events starting with an uncommitted
progenitor cell population, cartilage formation can be induced. The optimum number
of appropriate cells has to be established as well as a suitable, flexible and supportive
vehicle. Because cartilage has no vascular supply or easy access to the progenitors,
sufficient numbers of progenitor cells have to be brought to the repair site.
•"
Because the defect encompasses the subchondral bone and the cartilage, the reparative
cells must be situated in such way as to provide repair for both of these very different
types of skeletal tissue. Pluripotential cells embedded in Type I collagen gel showed a
filled defect with vascularized bone up to the bone-cartilage junction. A normal
calcified zone of cartilage and tidemark did not develop (177). Some studies in rabbits
did show a tidemark. Here a polyglycolic acid polymer matrix was used for
implantation together with mesenchymal stem cells from skeletal muscle. It is clear
that extensive research still has to be done.
Tissue engineering has emerged as a potentially new therapy in which synthetic
materials seeded with appropriate cell populations are grown in vitro and subsequently
implanted into patients. Perhaps in a few years, entire femoral condyles can be
reproduced by using chondrocyte-polymer composites with specific three-dimensional
shapes.
In the future more will be heard of the recently emerged gene therapy. Not much is
known yet about this technique, although many preclinical studies are performed. The
infection of chondrocytes with adenovirusses carrying growth factors could bring
about an enormous step forward in the repair of cartilage.
Thus far, none of the methods of treating chondral defects have shown to stimulate
formation of tissue that duplicates the structure, composition, mechanical properties
and durability of articular cartilage and none of them have been evaluated in
controlled prospective studies.

Ill

Advances are being made on a number of fronts. Perhaps some combination of
;
chondrocyte transplantation, bioabsorbable polymer to direct the distribution of
^
chondrocytes, and pharmocologic intervention will combine to yield a satisfactory
solution. Other biotechnologies include combining growth factors with synthetic
matrices and cell and tissue transplants, use of electromagnetic fields, ultrasound and
controlled loading and motion.
Orthopaedic surgeons must carefully assess new technologies and expect the highest
quality of scientific evidence before recommending new procedures to their patients.
To adopt a new form of treatment enthusiastically, we must be certain that it is better
than existing modalities, and that it has the prospect of maintaining good results over
time.
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Chapter 1 deals with some aspects of the biology and structure of normal articular
*
cartilage. The processes occurring during wound healing in articular cartilage and the *
problems encountered in the repair of articular cartilage defects are discussed. A short '
survey of repair techniques is given.
In chapter 2, methods of biological repair are mentioned, varying from osteotomies,
drilling or shaving to different grafting techniques. Some advantages and
disadvantages of osteochondral allografts and autografts are shown. Cell
transplantation techniques like chondrocyte transfer or mesenchymal stem cell transfer
are discussed. Finally, some aspects concerning the use of periosteum, perichondrium
and artificial scaffolds are given.
The history of perichondrial arthroplasty is highlighted in chapter 3. Already in 1878
the potential of perichondrium to form cartilage was documented. Application of
perichondrium started in 1972, when rabbit ear perichondrium was used. Until now
many researchers used perichondrium in different clinical and animal studies with
varying successes.
The aims of this thesis are discussed in chapter 4. An important question is why some
patients performed so well after they had undergone a perichondrial arthroplasty and
why others did not. Fixation and calcification problems had to be studied as well as
the best criteria for performing a perichondrial arthroplasty. Finally, the most
important question was which technique was superior: perichondrial arthroplasty or
the old-fashioned debridement and drilling.
Chapter 5 describes perichondrial grafting for cartilage lesions of the knee in twentyfive patients with 30 chondral lesions.The mean Hospital for Special Surgery knee
Score (HSSS) changed from 73 before the operation to 90 one year after; in 14
patients evaluated after two years there was no decrease. We concluded that in most
cases, perichondrial arthroplasty of cartilage defects in the knee gave excellent shortterm results.
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In chapter 6 the long-term results of rib perichondrial grafts for the repair of articular ^
cartilage defects in the human knee were studied. Eighty-eight patients operated upon
between 1986 and 1992 were evaluated by assessing knee function, radiographs,
arthroscopy and the patient's subjective opinion. The results after a mean follow-up of
52 months were good in 38%, fair in 8% and poor in 55%. Failures were caused by
growth of the graft above the surrounding cartilage, which also felt hard at
arthroscopy. Previous drilling or shaving of a defect, concomitant osteoarthritis, older
age and a long history of complaints proved to be contra-indications. Good results
_.
were seen in 9 1 % of isolated defects.
•

i

In order to improve the fixation and to prevent the calcification of the perichondrial
graft some studies were performed with a polymer. Chapter 7 describes the use of
; .Polyactive™ (PA) as a bone-filling substance. An experimental study in rabbits was ,
performed and the biocompatible, osteoconductive and resorbable polymer was
investigated for its performance as a bone-graft substitute. PA70/30 and PA60/40
were investigated, both before and after being incubated with allogenic bone marrow.
Dual energy X-ray absorptiometry (DXA) and image analysis of histological sections
were performed. DXA revealed an increased bone mineral density in the filled defects
compared to the controls, both at the defect and immediately proximal and distal of the
defect. PA70/30 seemed to be more suitable compared to PA60/40, because the
highest amount of bone was formed within the shortest period of time. Incubation of
PA with allogenic bone marrow resulted in inflammatory reactions at the sites of
implantation. The conclusion was that PA70/30 and PA60/40 were suitable bone-graft
substitutes.
In chapter 8 quantitative histological analysis of bony ingrowth was performed within
Polyactive™ implanted in different bone locations. PA60/40 was implanted in three
different bone locations in the rabbit: in the cortex, in bone marrow and in trabecular
subchondral bone. The ingrowth of bone was investigated by histology and image
analysis and was observed in the PA60/40 placed in the cortex from 4 weeks onwards.
After 8 weeks, more than 90% of the pores of the biomaterial were filled with dense
bone. In bone marrow, initially some bone formation was seen, but after 26 weeks, all
newly formed bone was resorbed. Subchondral bone formation was less than in the
cortex of the femur, but somewhat comparable to the amount of bone found in healthy
trabecular bone. Degradation of the biomaterial did not affect bone formation.
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Chapter 9 describes the results of 22 biopsies of tissue formed after approximately one
year after a perichondrium transplantation. This operation was performed from 1986
to 1992 on 88 patients (introduced in chapter 6) with articular defects in the knee.
Biopsies were only taken when at that time a partial failure was present, or a clear
failure resulting in fibrocartilage, a loose flap or a loose body. Histological analysis
showed the presence of normal hyaline cartilage in 11/22 patients. Biochemical
analysis showed that more than 56% of the collagen present was type II collagen.
Biopsies from patients with an isolated cartilage defect and an otherwise healthy knee
showed normal hyaline cartilage in 93% (13/14) of the cases. Analysis of biopsies
from failed transplants found in patients with additional anomalities in the knee
showed fibrocartilage with mainly type I collagen.
Chapter 10 describes the ten year follow-up of human perichondrial grafting versus
debridement and drilling of cartilage defects in the knee. From 1986 to 1992, the
already described group of eighty-eight patients with articular cartilage defects in the
knee were treated with a perichondrial transplantation (PT). Fourteen patients met the
revised inclusion criteria: age under forty years, no previous drilling or shaving of the
defect, no more than one graft at the time of operation and no more than osteoarthritis
grade two in other parts of the knee. Using the same inclusion criteria, a second group
of eleven patients was formed, who underwent an arthrotomy and debridement and
drilling of the cartilage defect. The results of both procedures after ten to eleven years
were evaluated with the Hospital for Special Surgery knee Score, X-ray examination,
by clinical examination and by Visual Analogue Scale. This study shows that ten years
after treatment, perichondrium transplantation does not do better than open
debridement and drilling.
Chapter 11 of this thesis is the discussion. Here some reflections are given on the
future possibilities of dealing with articular cartilage defects. The most important issue
is the fact that orthopaedic surgeons must carefully look for scientific evidence before
recommending new procedures to their patients. To offer a new form of treatment, we
must be certain that it is better than existing modalities, and that the results maintain
good over time.
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Hoofdstuk 1 geeft een overzicht van enkele aspecten van de biologie en de structuur
van normaal gewrichtskraakbeen. De processen die optreden bij wondgenezing in
gewrichtskraakbeen met de bijbehorende problemen worden beschreven. Een kort
overzicht wordt gegeven van operatieve technieken.
In hoofdstuk 2 worden de operatieve mogelijkheden voor het herstel van
kraakbeendefecten beschreven. Enkele voor- en en nadelen van osteochondrale
allografts en autografts komen aan bod. Technieken waarbij gebruikt wordt gemaakt
van transplantatie van cellen, zoals chondrocyten en mesenchymale cellen, worden
toegelicht. Tot slot volgen enkele opmerkingen over het gebruik van periosteum,
perichondrium en artificial scaffolds.
De geschiedenis van de transplantatie van perichondrium wordt belicht in hoofdstuk
3. Al in 1878 werd de potentie van perichondrium om kraakbeen te vormen
gerapporteerd. Klinische toepassing van perichondrium begon in 1972 toen
perichondrium van het oor van een konijn werd gebruikt. Tot nu toe hebben vele
onderzoekers perichondrium met wisselend succes gebruikt in klinische onderzoeken
en experimenten met dieren.
Het doel van dit proefschrift wordt beschreven in hoofdstuk 4. Een belangrijke vraag
is waarom sommige patienten het zo goed deden na een perichondrium transplantatie
en anderen niet. De fixatie en de verkalking van perichondrium transplantaten alsmede
de beste criteria voor het uitvoeren van deze operatie moesten worden onderzocht. De
belangrijkste vraag was welke operatie de voorkeur verdiende: de perichondrium
transplantatie of de aloude operatie waarbij het subchondrale bot wordt opgeboord.
Hoofdstuk 5 beschrijft een Studie waarin 25 patienten met 30 kraakbeenletsels werden
geopereerd door middel van een perichondrium transplantatie. De gemiddelde
kniescore (Hospital for Special Surgery knee Score, HSSS) nam toe van 73 voor de
operatie tot 90 een jaar later. In 14 patienten die na twee jaar geevalueerd werden,
werd geen verslechtering geconstateerd. Onze conclusie was dat perichondrium
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transplantaties voor kraakbeendefekten in de meeste gevallen uitstekende korte
termijn resultaten gaven.

,„
•'" *

De resultaten op lange termijn van perichondrium transplantaten voor het herstel van
kraakbeendefekten worden beschreven in hoofdstuk 6. Achtentachtig patienten die
geopereerd werden tussen 1986 en 1992 werden geevalueerd. Er werd gebruik
gemaakt van klinisch onderzoek, röntgenfoto's, arthroscopieen en de subjectieve
mening van de patienten. Na een follow-up van gemiddeld 52 maanden waren de
resultaten bij 38% van de patienten goed, matig bij 8% en siecht bij 55%.
:
Transplantaten die faalden groeiden uit boven het niveau van het kraakbeen in de
omgeving en voelden hard aan tijdens de arthroscopie. Contra-indicaties voor het
uitvoeren van deze operatie waren voorafgaande operaties zoals nettoyage of opboren
van het defekt, reeds aanwezige arthrose ten tijde van de operatie, leeftijd hoger dan
40 en een längere voorgeschiedenis. Een goed resultaat werd gevonden bij 9 1 % van
de patienten met een geisoleerd defect.
Met het doel de fixatie te verbeteren en de calcificatie tegen te gaan werd een studie
verricht met een polymeer. Hoofdstuk 7 beschrijft het gebruik van Polyactive™ (PA)
als een middel om botdefekten te vullen. Er werd experimenteel onderzoek verricht in
konijnen. De biocompatibele, botgeleidende en resorbeerbare eigenschappen van
Polyactive™ (PA) werden onderzocht. PA 70/30 en PA 60/40 werden gebruikt, beide
voor en na te zijn ge'incubeerd met allogeen beenmerg. Dual energy X-ray
absorptiometrie (DXA) en image analysis van histologische coupes werd uitgevoerd.
DXA liet een toename zien van de botdichtheid in de gevulde defekten vergeleken met
de controles; in het defekt, proximaal en distaal hiervan. PA 70/30 gaf de indruk beter
bruikbaar te zijn dan PA 60/40, omdat het meeste bot werd gevormd in de kortste tijd.
Incubatie van PA met allogeen beenmerg gaf ontstekingsreacties in het gebied van
implantatie. De conclusie van dit onderzoek was dat zowel PA 70/30 als PA 60/40
bottransplantaties kunnen vervangen.
In hoofdstuk 8 is kwantitatieve, histologische analyse verricht van de ingroei in bot
van Polyactive™ (PA) geimplanteerd in verschallende lokaties. PA 60/40 werd in drie
verschillende locaties getransplanteerd: in de cortex, in het merg en in het
subchondrale bot. De ingroei van bot werd geevalueerd door histologie en image
analysis. Ingroei van bot in PA 60/40 geimplanteerd in de cortex werd gezien vanaf 4
weken. Na 8 weken was meer dan 90% van de porieen van het biomateriaal gevuld
met bot. In het beenmerg werd aanvankelijk ook botvorming gezien, echter na 26
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weken was dit geheel verdwenen. De botvorming in PA 60/40 in het subchondrale bot
was minder dan in de cortex, maar wel vergelijkbaar met de botvorming die in gezond
spongieus bot werd gevonden. Degradatie van het biomateriaal had geen nadelige
effecten op de vorming van bot.
Van 1986 tot 1992 werden 88 patienten (geintroduceerd in hoofdstuk 6) met
kraakbeendefecten behandeld met een perichondrium transplantatie. Hoofdstuk 9
beschrijft de resultaten van 22 weefselbiopten gevormd door het perichondrium na
ongeveer een jaar. Er werden alleen biopten genomen als er sprake was van loslating
van het transplantaat, een evident siecht resultaat door de vorming van fibreus
kraakbeen of een corpus liberum. Histologische evaluatie liet de aanwezigheid van
normaal hyalien kraakbeen zien in 11/22 patienten. Uit de biochemische analyse
kwam naar voren dat meer dan 56% van het aanwezige collageen van het type II was.
Biopten van patienten met een geisoleerd kraakbeendefect en voor de rest niet
afwijkend gewricht lieten hyalien kraakbeen zien in 93% (13/14) van de gevallen.
Analyse van de biopten van mislukte transplantaten die genomen waren bij patienten
met additionele afwijkingen in de knie lieten fibreus kraakbeen zien met hoofdzakelijk
type II collageen.
Hoofdstuk 10 beschrijft de resultaten van een vergelijkende Studie na tien jaar tussen
perichondrium transplantaties en nettoyages waarbij het defect werd opgeboord.
Veertien patienten van de voornoemde 88 voldeden aan de criteria die van te voren
werden opgesteld: leeftijd lager dan veertig jaar, geen voorgeschiedenis van nettoyage
of opboren, niet meer dan een defect ten tijde van de operatie en niet meer dan
arthrose graad 2 in de rest van de knie. Een tweede groep van patienten die voldeden
aan dezelfde inclusie criteria werd gevormd uit patienten die een open nettoyage met
opboren van het defect hadden ondergaan. De resultaten van de beide operaties na tien
jaar werden geevalueerd door middel van de Hospital for Special Surgery knee Score,
röntgenonderzoek, klinisch onderzoek en door het gebruik van een Visual Analogue
Scale. Uit deze Studie kwam naar voren dat de resultaten na tien jaar van
perichondrium transplantaties niet beter waren dan die van open nettoyages waarbij
het defect werd opgeboord.
Hoofdstuk 11 beschrijft mogelijke toekomstige behandelingen voor kraakbeendefekten. Het belangrijkste blijft echter de kritische blik van de orthopaedisch chirurg
naar de wetenschappelijke waarde en de lange termijn resultaten van hetgeen wordt
gepresenteerd voordat dit aan patienten wordt aangeboden.
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Dankwoord

De afronding van een Studie als deze dwingt je bijna vanzelfsprekend na te gaan waar
het allemaal mee begonnen is. De gedachten komen dan niet zozeer uit bij de feiten
die in het curriculum vitae te vinden zijn maar veel meer bij de mensen die op
beslissende momenten voor je klaar gestaan hebben, je gestimuleerd hebben of waar je
je verhaal kwijt kon. Allereerst denk ik dan aan mijn ouders die met zo veel
belangstelling en wärmte Studie en alles daaromheen mogelijk gemaakt hebben.
Beslissend voor het ontstaan van dit proefschrift in wetenschappelijk opzicht is Prof.
Dr A.J. van der Linden geweest. Hij wist mij op bijna vanzelfsprekende wijze in 1990
bij het onderwerp te betrekken. Voordat ik het me goed realiseerde was ik aan een
promotie begonnen. Ik ben hem dankbaar dat hij mij indertijd tot dit avontuur heeft
verleid.
Mijn promotor, Prof. Dr R.G.T. Geesink, dank ik voor zijn grote rol in de laatste fase
van het onderzoek. Ruud, ik bewonder je kennis en kunde op orthopaedisch en
wetenschappelijk gebied bijzonder. Je hulp de afgelopen tijd, naast al je andere drukke
werkzaamheden, was meer dan bijzonder. Je commentaar werd voorzichtig en
gedoseerd gebracht maar was daarmee tegelijkertijd zeer terecht en tijdig. Je
bereidheid mee te gaan in mijn onstuimige werkwijze was meer dan
normaalgesproken gevraagd kan worden.
Mijn co-promotores, Dr S.K. Bulstra en Dr R. Kuijer, vervulden ieder zo hun eigen
rol. Sjoerd, bedankt voor al het geregel achter de coulissen. Gelukkig kon ik je vaak in
de Wandelgang aan de riem van je witte jas trekken om je op de plaats rust te dwingen.
Dat waren de momenten waarop je half onleesbare correcties ontcijferd konden
worden.
Roel, laten we eerlijk zijn: als jij niet met grote regelmaat had geduwd en getrokken
was er van het proefschrift niets terecht gekomen. Eigenlijk ligt het boekje er dankzij
jou. Wat ik altijd zo bijzonder gewaardeerd heb is je aandacht voor het persoonlijke
naast het zakelijke. Nooit deed ik tevergeefs een beroep op je, ook niet als ik bezig
was met een tussensprint. Je wist het schip dan telkens vlot te trekken, zowel in
intellectueel als in praktisch opzicht.
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De leden van de beoordelingscommissie dank ik voor de tijd die zij aan dit
proefschrift hebben willen geven en de daarbij getoonde belangstelling.
De vakgroep pathologie heeft door haar gastvrijheid een thuisbasis geleverd voor het
laboratoriumwerk. Daarbij werd dankbaar gebruik gemaakt van de aanwezige kennis.
Eis Terwindt-Rouwenhorst sneed met groot geduld de histologie blokjes waarin door
mijn ongeduld tijdens het verwerkingsproces toch nog teveel kalk zat. De vakkundige
aanpak van het laboratorium anatomie zorgde uiteindelijk voor het juiste resultaat. , i
Ton van de Bogaard en Peter Kelderman van de proefdierenvoorziening dank ik
'.,'b
hartelijk voor hun hulp bij de konijnenexperimenten.
Rieny van den Munckhof en Nicolette Hoefhagels wil ik hartelijk danken voor het feit
dat in mijn ogen bijna onmogelijk uit te voeren statistische opdrachten per omgaande
verwerkt konden worden. Don Surtel voerde gecompliceerde biochemische analyses
uit; ik ben er nog niet zeker van of ik ze inmiddels allemaal begrijp.
De AV dienst van het ziekenhuis heeft enorm bijgedragen door de perfecte foto's en
ander materiaal dat zij in het kader van dit proefschrift hebben gemaakt. Hun snelle en
adequate acties kwamen vooral in de laatste fase zeer van pas.
i
Marjonne, zus en paranimf, bedankt voor de hulp bij het verbeteren van de grootste
engeise blunders.
Mirjam, beste vriendin en paranimf, dank voor je "ontspan", het gelach en het geregel!
Lieve Henk Peter, jij hebt ervoor gezorgd dat de laatste loodjes veel minder zwaar
waren. Door je hulp op alle fronten kon dit proefschrift op een goede en snelle manier
afgerond worden; ik moet toegeven dat ik het zelfs leuk begon te vinden. Ik ben blij
dat je in mijn leven gekomen bent; je bent het beste dat me ooit overkomen is. Ik
verheug me op de toekomst.
Veel mensen, zo blijkt al uit het voorgaande, zijn betrokken geweest bij dit
proefschrift. Als er mensen zijn die niet genoemd worden, maar wel vinden dat ze
bedankt hadden moeten worden dan betreur ik dat (maar toch bedankt natuurlijk!).
Het proefschrift is nu afgerond. Ik zie uit naar de openbare verdediging, maar
misschien nog wel meer naar het leven na dit wetenschappelijke hoogtepunt.
Phianne Bouwmeester
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