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Tissue-engineering of Orthopaedic Surgery

M. Ochi, and N. Adachi

Department of Orthopaedic Surgery, Hiroshima University Graduate School of Biomedical Sciences, 1-2-3 Kasumi, Minami-ku,

Hiroshima 734-8553, Japan

Transplantation of tissue-engineered
cartilage for cartilage defect of the knee

Articular cartilage has a poor healing capacity due to its
lack of vessels, nerve supply, and isolation from systemic
regulation. Numerous methods have been attempted to
enhance the repair of full-thickness articular cartilage
defects, including abrasion arthroplasty; microfracture;
transplantation of chondrocytes, perichondrium, and
periosteum; and osteochondral graft. However, no
known treatment has regenerated long-lasting hyaline

cartilage.

Recently, a regenerative medicine using a tissue-engi-
neering technique for cartilage repair has been given
much attention in the orthopaedic field. In 1994, Brittberg
et al introduced a new cell technology in which chondro-
cytes expanded in monolayer culture were transplanted
into the cartilage defect of the knee. As a second genera-
tion of chondrocyte transplantation, since 1996 we have
been performing transplantation of tissue-engineered
cartilage made ex vivo for the treatment of osteochondral
defects of the joints. This signifies a concept shift from
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cell transplantation to tissue transplantation made ex
vivo using tissue-engineering technique.

Patients

Fifty-six knees of 56 patients (mean age: 25 y.o0.) of 98
patients who had received transplantation of tissue-engi-
neered cartilage for cartilage defects were followed up
for at least 2 years. The tissue-engineered cartilage was
made by cultivating autologous chondrocytes embedded
in Atelocollagen gel for 3 weeks before transplantation.
At 6, 12, 24 months after operation, arthroscopic, biome-
chanical and MRI examinations were performed. Using
the Lysholm score, the clinical outcome was evaluated at
the final clinical follow-up.

Results

Transplantation eliminated knee locking and reduced
pain and swelling in all patients. The mean Lysholm
score improved significantly. Arthroscopic assessment
indicated that 50 knees had excellent or good outcomes.
No problems including infection were detected, except
with 11 cases of graft hypertrophy, 4 cases of partial
detachment of periosteum, 1 case of partial ossification
and 2 case of graft failure. Biomechanical examination
also revealed that the transplants had acquired hardness
similar to that of the surrounding cartilage at 12 months
after operation. MRI demonstrated that the signal intensi-
ty of the grafted portion had become similar to that of
normal cartilage in 77% of the cases at 24 months after
operation.

Minimally invasive approach with a tis-
sue-engineered chondral plug

Purpose

The purpose of this new approach was to evaluate the
macroscopic and histological results transplanting a tis-
sue-engineered chondral plug made of atelocollagen
sponge and PLLA mesh, for the treatment of osteochon-
dral defects.

Methods

Twelve-week-old male Japanese white rabbits were used.
Fresh articular cartilage slices were taken from the
humeral head, and isolated chondrocytes were embed-
ded in atelocollagen gel which does not have antigenic
portions of collagen. (2.0 X10° cells/ml). They were seed-
ed on the top of the atelocollagen sponge/PLLA mesh
composite, and cultured for 2 weeks. The culture medi-
um was changed every 3 days and L-ascorbic acid
(50ug/ml) was added every 2 days. Culturing the com-
posites for 2 weeks produced tissue-engineered chondral
plugs. These tissue-engineered chondral plugs (4mm in
diameter, 4mm in thickness) were transplanted into the
osteochondral defects (4mm in diameter, 4mm in depth)
in the patellar grooves of the same rabbits from which
the chondrocytes had been harvested (the experimental
group). In the control group, the defects were treated
with the plugs without chondrocytes. The rabbits were

sacrificed at 4 and 12 weeks after transplantation. The
repaired tissues were evaluated macroscopically and his-
tologically. The repaired tissue was analyzed immuno-
histochemically for expression of type-II collagen.

Results

Four weeks after transplantation in the experimental
group, the defects were partially repaired with cartilage-
like tissue with good subchondral bone formation.
Twelve weeks after transplantation, the defects were
repaired with hyaline cartilage-like tissue densely stained
by safranin O. Well organized subchondral bone forma-
tion was also observed. In the control group, the defects
were covered with only soft fibrous tissue at 4 and 12
weeks macroscopically.

Immunohistochemically, type-II collagen was detected in
about 90 % of the repaired area. Histological scores in
the experimental group were significantly higher than
those in the control group at both 4 and 12 weeks after
transplantation.

Conclusions

This study demonstrated that the defects treated with tis-
sue engineered chondral plug demonstrated type-II colla-
gen in about 90% of the repaired area.

Clinical Relevance

The transplantation of a tissue-engineered chondral plug
will be one option for the treatment for osteochondral
defects. The next step in testing our hypothesis is to eval-
uate the repaired tissue biomechanically and biochemi-
cally over a longer period of time.

Future direction for cartilage repair with
minimally invasive tissue-engineering
technique

The most optimal procedure to repair cartilage defects is
not surgical treatment requiring anesthesia and hospital-
ization but just injection of cytokines or growth factors
and cells. Our completely novel approach was to use
autologous bone marrow mesenchymal stem cells
attached to small-sized magnetic beads. For successful
cartilage repair, it is simple to inject mesenchymal stem
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cells and effectively collect them to a specific area in the
knee joint (osteochondral defect) using an external mag-
net force. The complex of autologous bone marrow mes-
enchymal stem cells and magnetic liposomes using the
antibody (CD44) was created and research of the efficacy
of DDS by magnetism was done as a pilot study. A full
thickness cartilage defect was made in the bilateral femur
condyle of a rabbit, and successfully repaired with this
technique. We believe that this novel system is also effec-
tive in the treatment of brain or spinal cord injury and for
malignant tumors, using natural killer cells instead of
autologous bone marrow mesenchymal stem cells with
our novel system.
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