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Abstract The purpose of this study was to determine if the
cartilage from loose osteochondral fragments remains
viable. Five patients with OCD of the knee who had
undergone surgical treatment (arthroscopic reduction and
internal fixation of the loose body) were included. The
average age of patients was 13 years (range 10–14 years).
Cartilage samples were obtained from the loose body
fragments before reattachment was performed (study group)
and from the healthy native cartilage (intercondyle area,
control group) from each of the five patients. Tissue
viability was assessed using live-dead assay in both groups.
All five loose osteochondral fragments showed similar
viability to the healthy native cartilage group, with 88% cell
viability (95% CI 50–100) in loose body fragments versus
92% viability (95% CI 50–100) from healthy cartilage. This
study showed that cartilage from detached OCD fragments
remains viable before reattachment is performed.

Introduction
Treatment of symptomatic unstable osteochondral fragments in osteochondritis dissecans (OCD) with arthroscopic
reduction and internal fixation (ARIF) has been shown to
have good clinical results in 90% of the cases [1–5].
Fixation with autogenous osteochondral grafts (OATS) has
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also been suggested as an alternative fixation technique for
the treatment of unstable osteochondral fragments [6]. Most
of these loose osteochondral fragments had been detached
for a couple of months before reduction and fixation was
performed, probably affecting cartilage viability while
deprived from the subchondral bone nutrition. Histological
and cell biological studies of these osteochondral fragments
are controversial. Some authors argue that chondrocytes
from these osteochondral fragments retain viability and
have a normal homeostasis while others suggest that
degeneration is observed after the fragment is detached
[7–9].
Recent studies have shown that cell death may contribute to the subsequent development of osteoarthritis [10, 11].
Innovative therapies are focussing on the survival of the
chondrocytes in order to prevent cartilage degeneration
[10–12]. Viable cells would be desired when reduction and
fixation of the osteochondral fragment is performed,
potentially reducing the chances of progressive cartilage
degeneration.
The purpose of this study was to determine if chondrocytes isolated from osteochondral loose body fragments
are viable before reattachment is performed.

Methods
Five patients (five knees) with clinical diagnosis of OCD of
the knee were included. Demographic patient data can be
found in Table 1. All patients underwent surgical treatment
with arthroscopic reduction and internal fixation of the
loose body. All patients were male with a mean age of 13.6
years (range 10–15 years) at the time of the arthroscopic
treatment. Preoperative MRI was performed in all patients,
providing information about the osteochondral fragment,
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Table 1 Demographic data

ICRS International Cartilage
Repair Society, MFC medial
femoral condyle
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Case

Age (years)

Gender

Localisation

MRI classification

ICRS classification

1
2
3
4
5

10
15
14
15
14

Male
Male
Male
Male
Male

MFC
MFC
MFC
MFC
MFC

3
3
4
3
3

IV
IV
IV
IV
IV

the underlying subchondral bone, the integrity and condition of the articular surface and the structure of the interface
between the osteochondral fragment and the subjacent
bone. The lesions were classified according to De Smet et
al. [13] based on T2-weighted images: a line of high signal
intensity of at least 5 mm in length between the fragment
and the underlying bone (class 1), an area of increased
homogeneous signal at least 5 mm in diameter beneath the
lesion (class 2), a focal defect of 5 mm or more on the
surface of the articular cartilage (class 3), and a high signal
traversing the subcondral bone into the lesion (class 4).
Under arthroscopy the lesions were classified according to
the International Cartilage Repair Society (ICRS) whereby
ICRS OCD I was a stable lesion with continuous but
softened area covered by intact articular cartilage, ICRS
OCD II was a lesion with partial articular cartilage
discontinuity but stable when probed, ICRS III was a
lesion with a complete articular cartilage but not dislocated
“dead in situ”, and ICRS IV was a dislocated fragment,
loose within the bed or empty defect. Also the osteochondral fragments were examined for integrity of the superficial area and stability. This was performed gently and
manually in order to minimise the mechanical induction of
cell death.
In all knees the osteochondral fragment was dislocated
from the subchondral bed (ICRS IV). Curettage of the
lesion was performed to remove fibrous tissue followed by

Fig. 1 Preoperative anteroposterior radiograph showing the ostechondral lesion in the medial femoral condyle

arthroscopic reduction and internal fixation of the osteochondral fragment. With a curette, three to four biopsies
were harvested from the cartilage of the detached osteochondral fragment (study). A control tissue sample was
obtained from the intercondylar notch (control) (Figs. 1, 2,
3, 4). Samples were kept moist and taken to the laboratory
for cell extraction and live-dead assay.

Fig. 2 a Coronal view showing completely detached osteochondral
fragment. b Sagittal view. Fluid between the osteochondral fragment
and the subjacent subchondral bone is evident, suggesting an unstable
fragment
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Fig. 5 Live-dead assay from cartilage tissue taken from study
detached osteochondral fragment (green cells: live cells—red cells:
dead cells)

Cell viability

Fig. 3 a Intraoperative arthroscopic view of the detached osteochondral fragment. b Intraoperative arthroscopic debridement of the
subjacent subchondral bone

Fig. 4 Reduction and fixation of the osteochondral fragment with
Herbert screws

Chondrocytes were isolated by sequential protease digestion of the tissue (1 h in 0.2% pronase), followed by
overnight digestion in 0.025% collagenase-p in DMEM/F12 medium (GIBCO BRL, Life Technologies, Grand
Islands, NY, USA) supplemented with 5% serum and
50 ug gentamycin/ml. The released cells were submerged
in a solution of PBS containing Calcein –AM (2, 7 uM) and
ethidium homodimer 1 (5.0 Um) (Live/Dead and Viability/
Cytotoxic Kits, Molecular Probes, OR, USA) for 1 h at 4°C
and rinsed twice in PBS for 20 min each. “Live” cells that
are metabolically active and have an intact membrane and
fluoresce green, indicative of intracellular esterase activity.
Conversely, “dead” cells, inactive metabolically and having
a compromised plasma membrane, and fluoresce red,

Graph 1 Percent viability in the control and study tissues from each
of the five cases
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indicating ethidium homodimer -1 bound to DNA [14]. A
blinded observer who generally works with fluorescence
microscopy (CPG) manually counted dead and live cells,
and a total average viability was determined. A minimum
of 100 cells were counted.

Results
Arthroscopic osteochondral loose fragments had irregularity and softening of the cartilage in all five cases. All
fragments were dislocated and loose within the defect
(grade IV ICRS). Percent of viable cells was similar in both
the control and study groups. The average percentage of
viable cells in the study group was 88% (CI 95% 14–94)
(Fig. 5). The control group showed 92% viable cells (CI
95% 16–96) (Graph 1).
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unable to determine if there was cartilage degeneration of the
osteochondral loose body fragments. Also, as the samples
were digested we could not determine if viability remained
the same in all layers of the cartilage. Cartilage layers have
different metabolic and biochemical functions. Probably,
greater viability should be expected in the superficial layer as
this was constantly moist from the synovial fluid. Future
experiments with tissue explants will provide more information about the viability in different layers of the osteochondral loose body fragments.

Conclusion
The results of this study suggest that cartilage from
osteochondral loose body fragments is viable. Preservation
with reduction and fixation of these fragments should be
attempted whenever possible.

Discussion
The primary question of this investigation was whether
chondrocytes from osteochondral loose body fragments are
viable before the reduction and fixation is performed. This
study shows that chondrocytes from osteochondral loose body
fragments do retain viability before reattachment.
Cartilage nutrition is normally maintained by both the
subchondral bone and the synovial fluid. Survival of the
chondrocytes from the osteochondral loose body fragments
suggests that the synovial fluid provides enough nutrition to
the cartilage while it is deprived of the subchondral bone
nutrition [15]. Previous reports about the natural evolution
of the OCD fragments are controversial. Some authors
argue that there is a definitive loss of viability and matrix
degeneration in these fragments while others deny these
changes. Most likely, these differences were because of
different study designs, animal models and joint disease
location [5]. Aurich et al. [16] analysed dissected cartilage
knee fragments from 12 patients with clinical diagnosis of
OCD. They showed that these fragments preserved high
viability. In contrast to our study, none of these OCD
fragments were reduced and fixed. Gianini et al. [9] showed
the capacity of chondrocytes, harvested from detached
osteochondral fragments from the talus, to serve as a source
of viable cells for the ACI procedure. In contrast to our
study, this was performed in the talus. Different biological
behaviour has been shown between knee and talus
cartilage. Also, none of the osteochondral knee fragments
were reduced and fixed [17].
To our knowledge this is the first study to analyse the
viability of osteochondral loose body fragments of the knee
in patients with OCD. A limitation of this study is that
histological analysis was not performed. Thus, we were
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