
Introduction

The preservation of the physiological anatomical form and
articular surface coating of hyaline cartilage are the basic
prerequisites for the normal function of the joint.

As is well known, the regeneration ability of cartilage
is limited because of dedifferentiation of the chondrocytes
and their inability to multiply themselves [20, 6].

The natural history of joint degeneration, resulting in
the disappearance of the articular cartilage lining and the
creation of the pathological condition named osteoarthro-
sis, renders the treatment of chondral and osteochondral
defects an act of great importance.

Efforts to treat the lesion with biologically active tissues
such as perichondrium or periosteum, which possess the
ability to produce hyaline cartilage-like tissue, have been

reported in several studies with good clinical results [6,
18, 19, 20, 26, 29].

Treatment methods such as Pridie drilling and abrasion
based themselves on the stimulation of intramedullary
mesenchymal multipotential cells through the breakthrough
of the subchondral bone plate. The creation of a local he-
matoma, covering the damaged site, led to the formation
of a fibrocartilaginous surface which had the ability to
cover the defect and additionally to withstand the com-
pressive forces exerted upon the joint.

As reported in several clinical and experimental studies,
taking into account the primarily tensile properties of this
collagen type I characterized tissue, the expectancy of a
long-lasting repair is limited [1, 8, 10, 19, 21, 23, 24, 26,
27].

Therefore the application of a method of direct transfer
of healthy hyaline cartilage transplants, together with its
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subchondral bone substrate, seems theoretically a method
with a good potential for providing successful results and
solutions to the problem of cartilage defects.

This study investigates the clinical and radiological as-
pect of this question.

Materials and methods

Between 1997 and 1999, 18 patients suffering from local cartilage
defect, rated as chondropathy grade IV according to the Outerbridge
classification (Fig. 1), were treated with autologous osteochondral
grafts (Fig. 2).

All patients were primarily clinically examined in terms of pain,
stability and joint irritation and were classified according to the In-
ternational Cartilage Repair Society scale (ICRS) [15]. Their main
clinical symptoms were: weight-bearing-related pain, swelling, and
decrease in the range of motion of the joint.

All patients were examined radiologically through plain radio-
graphs in anteroposterior and profile view. Magnetic resonance

imaging (MRI), fat-suppressed T1-weighted gradient echo and fat-
suppressed T2 FSE sequences, were performed on 15 patients.

Patients showing signs of instability, axial malalignment or gen-
eralized arthritis were considered non-eligible for this method of
treatment.

All patients were evaluated through an arthroscopic staging of
their cartilage lesion, followed by a mini-arthrotomy and autologous
osteochondral transplantation according to the method described
by Hangody et al. [13] (Figs. 1, 2).

The average age of the 18 patients (12 men and 6 women) was
36 years. The average defect size was 252 mm2 [18 (10–35) × 14
(10–20)]. An average of 2.9 (1–7) osteochondral grafts was used.
The defects were localized on the medial femoral condyle in 11 pa-
tients, the patella in 3 patients, the lateral femoral condyle in 2 pa-
tients, the medial and lateral femoral condyles in 1 patient and the
femoral trochlea in 1 patient (Table 1).

The main cause of defect creation on the medial femoral condyle
was an untreated prior trauma due to a fall or sports injury. The
patellar cartilage defect was produced from a hypercompression
syndrome due to patella lateralis. Therefore we performed addi-
tionally a lateral retinaculum release in all three treated cases.

The preoperative ICRS score was severely abnormal for 15 cases,
and abnormal for 3 cases.

The average follow up time was 27.2 (24–42) months.
All patients were re-examined by the same investigator and were

operated on by the same team.

Results

Radiographically, all patients showed a cartilaginous cov-
erage of the defect 12 months postoperatively on MRI. Our
radiological follow-up showed in 15 out of 18 cases a good
osseous integration of the transplants with the surrounding
spongiosa between the 3rd and 6th post-operative months,
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Fig. 1 Arthroscopic view of grade IV (Outerbridge classification)
cartilage defect of the medial femoral condyle of a 38-year-old pa-
tient

Fig. 2 Arthrotomy and transplantation of three autologous osteo-
chondral grafts (cylindrical, 2.7 mm in diameter and 15 mm in length)
in the cartilage defect site

Table 1 Information concerning defect site and size (LFC lateral
femoral condyle, MFC medial femoral condyle)

Patient Sex Age, Site Side Defect size, 
years mm2

1 M 27 MFC R 700 (35×20)
2 F 35 MFC R 450 (30×15)
3 F 42 MFC L 225 (15×15)
4 F 24 Patella R 150 (15×10)
5 F 35 Trochlea R 300 (20×15)
6 M 25 Patella L 400 (20×20)
7 M 27 Patella L 225 (15×15)
8 M 43 MFC R 150 (15×10)
9 F 47 MFC L 150 (10×15)

10 M 46 LFC L 225 (15×15)
11 M 39 MFC L 150 (10×15)
12 F 34 MFC L 150 (15×10)
13 M 33 MFC L 150 (15×10)
14 M 26 MFC R 150 (15×10)
15 M 36 MFC R 100 (10×10)
16 M 33 MFC L 225 (15x15)
17 M 53 MFC R 500 (25x20)
18 M 42 MFC and LFC L 600 (30x20)



a sign of transplant viability. The remaining three patients
showed a complete osseous integration of the transplants
after the 6th post-operative month (Figs. 3, 4, 5, 6, 7, 8).

Visualization of cartilaginous surface, showing colour
and compression hardness similar to that of the normal sur-
rounding regional articular surface (Fig. 9) was found af-
ter second-look arthroscopy in four patients. We encoun-
tered no problems in the healing of the raw surfaces be-
tween the grafts. Our clinical results were satisfactory,
showing improvement objectively and subjectively within
the first 3 months after operation. The postoperative ICRS
score was normal for 12 patients and nearly normal for 
6 patients. Two of those patients belonged to the group
suffering from degenerative changes of the patella. With

regard to complications, we observed early patellar chon-
dropathy in four patients and joint effusion in seven pa-
tients; this was believed to be related to the donor site
morbidity. Seven patients were free of complications
(Table 2).

The joint effusion persisted for an average time period
of 5.3 (3–8) months.
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Fig. 3 Sagittal MRI 6 months after operation showing the osseous
integration of the osteochondral grafts and the cartilaginous cover-
age of the defect site

Fig. 4 Sagittal MRI 12 months postoperatively showing full osseous
integration of the grafts and cartilage coverage of the defect site

Fig. 5 Transverse MRI of a subchondral cyst forming a retropatel-
lar osteochondral defect

Fig. 6 Lateral MRI of a subchondral cyst forming a retropatellar
osteochondral defect of the patella



Discussion

The concept of functional joint preservation showed itself
in the past in the efforts of authors like J.B. Murphy [25],
Delchief and Falla [9] and J. and R. Judet [17].

With regard to the application of subchondral drilling
in the treatment of degenerative disease of the joint, several
reports of good results have been published [3, 16, 24, 27,
30].

Abrasion arthroplasty was one of the chondrostimula-
tive methods most widely used against cartilage damage
[12] but its application met wide criticism because of the
unsuccessful results reported by several authors [4, 11, 12,
23].

On the other hand, good clinical results concerning the
transplantation of perichondrium and periosteum for carti-
lage defect coverage have been reported by authors such
as Homminga et al., Bruns, Ritsilä and Korkala, Alfredson
and Lorentzon [2, 6, 13, 17, 18, 27].

Nevertheless, the need for a better quality of cartilagi-
nous tissue with long-term endurance capability led to the
idea of transferring autologous osteochondral grafts from
another site of the insulted knee joint. The sites most pre-
ferred are the non-weight-bearing zones of the lateral and
femoral condyles.

Reference to the application of osteochondral autografts
in the treatment of cartilage defects is made by Wagner,
who reports 70% good results for a follow-up of 2 to 
5 years [31].

Several reports provide positive information about the
outcomes of this method: Matsusue et al. report complete
cartilage surface coverage after a follow-up of 2 years in a
case involving a large chondral defect [22]. Hangody re-
ports histologically proven existence of 70–80% hyaline
cartilage with good clinical results in 107 patients treated
with multiple autologous osteochondral transplantation
(mosaicplasty). The most commonly encountered compli-
cations include anterior knee pain and the loss of articular
surface congruity at the donor site with residual chondropa-
thy of the patella[12].

Additionally, Bobic reports on 12 patients treated with
the same method, showing excellent results in 10 cases af-
ter 2 years of follow-up, and hyaline cartilage coverage
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Fig. 7 Transverse MRI 12 months postoperatively, showing full os-
seous integration of the grafts and cartilage coverage of the defect
site

Fig. 8 Sagittal MRI 12 months postoperatively showing the total
osseous integration of the osteochondral grafts and the cartilage
coverage of the defect site

Fig. 9 Arthroscopic view of the defect site 6 months after trans-
plantation, showing full coverage of the defect. Grafts still recog-
nizable at the transplantation site



through the histological examination of the defect site in
two of them [5].

Our results support the good clinical results reported by
other authors [5, 13, 22].

Nevertheless, in seven patients we noticed synovitis
followed by swelling of the joint, persisting for a maxi-
mum of 5 months. The cause of this symptom is unclear.
The conservative treatment applied to those patients through
physiotherapy and training of the vastus medialis quadri-
ceps muscle showed recovery, disappearance of synovitis
and symptom-free motion of the joint in all of them. This
development could lead to the conclusion that the prob-
lem originates from the position of the patella in relation
with the donor site on the lateral femur condyle. The dy-
namic medialization of the patella following the recover-
ing of the vastus medialis muscle helps in the elimination
of the aforementioned symptoms.

The application of this method is generally accepted as
a joint salvage operation both by the surgeon and the pa-
tient.

The disadvantage of donor site morbidity seems to be
well compensated both physically and mentally in the
treated patients. Of course, the magnitude of this disad-
vantage depends on the size of the defect, a parameter that
acts as a limiting factor on the application of this method.

Nevertheless, no difference in the appearance of compli-
cations in relation to the size of the defect was encountered.

In order to confirm the good radiological results, “sec-
ond-look” arthroscopic re-examination was performed on
four patients who fulfilled the indication for an operative
procedure because of complications. We observed full cov-
erage of the former defect, with cartilage-like tissue bond-
ing homogeneously with the surrounding cartilage at the
transplantation site.

Biopsy of the transplantation site was not undertaken
for medical ethical reasons concerning the damage to the
newly formed articular surface. The postoperative evalua-
tion based itself on the clinical controls of the joint and
the ‘second-look’ arthroscopy in cases which would fulfil
the necessary indication requirements.

The opportunity to offer a biological solution in rela-
tively young patients suffering from severe cartilage dam-
age was given through the application of osteochondral
autograft transplantation. These patients were going to be
candidates in the near future for an early joint replace-
ment, with all the disadvantages of this radical method of
treatment for this age group.

The short-term results of the applied method are encour-
aging. Of course, a long-term analysis with larger num-
bers of patients is necessary in order to assess this method.
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Table 2 Information on number and size of grafts and clinical evaluation with complications

Patient No. of grafts Follow-up Preoperative ICRS Postoperative ICRS Initial complications

Total 2.7 mm 3.5 mm

1 3 3 42 Severely abnormal Nearly normal Chondropathia patellae
2 3 2 36 Severely abnormal Nearly normal Chondropathia patellae
3 2 2 36 Abnormal Normal None
4 2 1 24 Severely abnormal Normal None
5 3 3 24 Abnormal Normal None
6 4 4 24 Severely abnormal Nearly normal Swelling
7 3 3 24 Severely abnormal Nearly normal Swelling
8 2 3 24 Severely abnormal Normal None
9 1 1 36 Abnormal Normal None

10 2 2 24 Severely abnormal Normal None
11 2 2 24 Severely abnormal Nearly normal Swelling
12 2 3 24 Severely abnormal Nearly normal Swelling
13 2 2 24 Severely abnormal Normal None
14 2 3 24 Severely abnormal Normal None
15 3 2 24 Severely abnormal Normal None
16 3 3 26 Severely abnormal Nearly normal Swelling
17 7 3 4 24 Severely abnormal Normal None
18 7 3 4 26 Severely abnormal Nearly normal Swelling
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