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Abstract Local attempts to repair a cartilage lesion could
cause increased levels of anabolic and catabolic factors in the
synovial fluid. After repair with regenerated cartilage, the
homeostasis of the cartilage ideally would return to normal.
In this pilot study, we first hypothesized levels of synovial
fluid markers would be higher in patients with cartilage
lesions than in patients with no cartilage lesions, and then we
hypothesized the levels of synovial fluid markers would
decrease after cartilage repair. We collected synovial fluid
samples from 10 patients before autologous chondrocyte
transplantation of the knee. One year later, a second set of
samples was collected and arthroscopic evaluation of the
repair site was performed. Fifteen patients undergoing knee
arthroscopy for various symptoms but with no apparent
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cartilage lesions served as control subjects. We measured
synovial fluid matrix metalloproteinase-3 (MMP-3) and in-
sulinlike growth factor-I (IGF-I) concentrations with specific
activity and enzyme-linked immunosorbent assays, respec-
tively. The levels of MMP-3 and IGF-I were higher in
patients having cartilage lesions than in control subjects with
no cartilage lesions. One year after cartilage repair, the
lesions were filled with repair tissue, but the levels of MMP-3
and IGF-I remained elevated, indicating either graft
remodeling or early degeneration.

Level of Evidence: Level III, prognostic study. See the
Guidelines for Authors for a complete description of levels
of evidence.

Introduction

Autologous chondrocyte transplantation (ACT) is a cell-
based method for repair of cartilage lesions. Little is known
about the biochemical mediators in synovial fluid affecting
healing of cartilage lesions [21]. Normal cartilage turnover
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is a result of homeostasis between anabolic and catabolic
factors. Both types of factors can be secreted by chondro-
cytes and by the cells of the synovial lining. With
inflammation, osteoarthritis, and trauma, this homeostasis is
disturbed and the balance is shifted toward a catabolic state.
In cartilage repair, this increased turnover must be shifted
toward an anabolic state for the repair to be successful.

MMP-3 (or stromelysin-1) is one of the calcium-depen-
dent zinc-containing proteinases stimulated by interleukin-1
and responsible for degradation of extracellular matrix.
It has a wide variety of substrates and it hydrolyzes
extracellular matrix components, such as aggrecan, fibro-
nectin, laminin, and collagens III, IV, IX, X, and XI [24, 34].
MMP-3 also activates other pro-MMPs, such as MMP-1, 7,
8,9, and 13 [18]. MMP-3 reportedly plays a major role in the
turnover of young human cartilage and early osteoarthritis
[24]. The predominant forms of MMP-3 in the synovial fluid
is usually the latent proenzymes [32].

IGF-I is thought to have a major anabolic effect on
cartilage metabolism [15]. It induces synthesis of colla-
gen Type II and core protein [33]. IGF-I stabilizes the
chondrocytic phenotype, has a mitogenic effect on
chondrocytes [16], and enhances cartilage repair [8, 9].
IGF-I levels are elevated in osteoarthritis, especially during
the early stages [26]. A local attempt to repair a cartilage
lesion could cause increased levels of anabolic and cata-
bolic factors. After successful repair with regenerated
cartilage, the homeostasis of the cartilage ideally would
return to normal to prevent future degeneration.

We therefore first hypothesized levels of synovial fluid
markers would be higher in patients with cartilage lesions
than in patients with other knee complaints but no cartilage
lesions. We also hypothesized the levels of synovial fluid
markers would decrease after resurfacing Grades 3—4 full
thickness cartilage lesions.

Materials and Methods

We collected synovial fluid samples from patients before
and 1 year after ACT and analyzed the synovial fluid con-
centration of MMP-3 and IGF-I. Control samples were
collected from a set of patients undergoing arthroscopy for
various symptoms but without obvious cartilage lesions.
The treatment group had symptoms we judged related to the
cartilage lesions. During a study period in 1999-2000, 17
patients underwent ACT and arthroscopy 1 year afterward.
All patients had full-thickness cartilage lesions (Interna-
tional Cartilage Repair Society [ICRS], classification
Grades 3—4 [27]) of the femur or patella and had lesions
filled with repair tissue at 1 year. We were able to obtain
paired synovial fluid samples from 10 of these patients, who
form the experimental group. These 10 patients had lesions
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with a mean size of 9.4 cm? (range, 2.5-22.4 cmz). The
control group consisted of 15 patients undergoing elective
knee arthroscopy (Table 1). Before the procedure, we
obtained a synovial fluid sample during spinal anesthesia.
During arthroscopy, the cartilage lesions and other joint
abnormalities were recorded. Only samples from patients
with intact cartilage were included in the study. This was a
pilot study to find possible hypotheses for further research.
Therefore, no power analysis was performed beforehand.
All patients provided informed consent.

There were three female and seven male patients in the
ACT group with an average age of 32 years (range, 17-43
years). There were four female and 11 male patients in the
control group with an average age of 30 years (range, 19—
41 years). There were no differences in age and gender
between the groups (Table 1).

The ACT consisted of two operative procedures [3]. A
cartilage biopsy specimen was obtained arthroscopically
from a nonweightbearing area and sent for chondrocyte
isolation and culture [3, 19, 20]. A few weeks after cartilage
harvesting, we performed arthrotomy. The lesion was
débrided to the subchondral bone, avoiding bleeding from
the bony surface. We harvested a periosteal flap from the
medial part of the tibia or from one of the femoral ep-
icondyles. This flap was sutured with the cambium layer
facing down to the margins of the lesion and the seam then
was sealed with fibrin glue. Through a small opening, we
injected the suspension of cultured chondrocytes, approxi-
mately 10%cm? of the lesion, underneath the periosteum.

One year later, assessment arthroscopy was performed
and one of us (IK) evaluated the cartilage repair tissue using
the ICRS arthroscopic grading [27] system. The scoring
evaluates filling of the defect (14 points), integration of the
graft to the borders (1-4 points), and macroscopic appear-
ance (1-4 points) A total score of 12 means normal repair
tissue, 11 to 8 is nearly normal tissue, 7 to 4 is abnormal
tissue, and 3 to O is severely abnormal tissue.

We harvested the preoperative synovial fluid sample
either before the arthroscopic cartilage biopsy or before
ACT. The sample was taken at the beginning of the operation
during spinal anesthesia with blind needle aspiration.
Another sample was taken during the 1-year followup
arthroscopy. We stored the synovial fluid samples at —70°C.
No anticoagulation with EDTA was used. The cells were not
removed and no cell count was made. MMP-3 activity was
measured using an MMP-3-specific immunocapture activity
assay (Amersham Biosciences, Buckinghamshire, UK). This
assay measures active MMP and total MMP (active plus
latent pro-MMP) activity but is insensitive to proteinase
inhibitor complexes. As a substrate, modified prourokinase
was used [11]. We measured the IGF-I concentration of the
synovial fluid using an enzyme-linked immunosorbent assay
for human IGF-I immunoassay (R&D Systems,
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Table 1. Demographics of study groups

Group Number Age (years) Gender Lesion size (cm?) Type of injury/diagnosis

Lesion 14 39 Female 3 Sports-related trauma

Lesion 16 39 Male Work-related trauma

Lesion 19 17 Male 6 Osteochondritis dissecans

Lesion 21 47 Male 10 Work-related trauma

Lesion 26 17 Male 12 Osteochondritis dissecans

Lesion 27 40 Male Trauma, partial ACL rupture

Lesion 28 34 Male Osteochondritis dissecans

Lesion 31 29 Male 20 Osteochondritis dissecans

Lesion 35 17 Female 12 Unknown trauma

Lesion 36 43 Female 22 Osteoarthritis

Control 1004 41 Male Ruptured medial meniscus; ACL rupture

Control 1007 27 Male Ruptured medial meniscus

Control 1009 36 Female ACL rupture; ruptured medial meniscus

Control 1010 20 Male Infrapatellar fat pad syndrome and medial plica

Control 1012 33 Male Medial plica

Control 1013 22 Male Ruptured lateral meniscus

Control 1018 25 Female Knee pain, medial plica

Control 1019 32 Female Knee pain

Control 1021 21 Male Ruptured medial meniscus

Control 1022 36 Female Synovial plica

Control 1026 39 Male Ruptured lateral meniscus

Control 1031 32 Male Ruptured medial meniscus

Control 1035 43 Male Ruptured medial meniscus

Control 79 19 Male Cartilage lesion of the ankle (knee arthroscopy
for cartilage biopsy)

Control 70 21 Male Cartilage lesion of the opposite knee (knee arthroscopy

for cartilage biopsy)

Minneapolis, MN). According to the manufacturer, no sig-
nificant interference of IGF-binding proteins 2, 3, and 4
(IGFBP-2, IGFBP-3, and IGFBP-4) has been detected with
the method.

We evaluated the normality of variables by the Shapiro-
Wilk test. However, as variables were skewed, confidence
intervals (CIs) for the means were obtained by bias-cor-
rected bootstrapping (5000 replications) [7]. The bootstrap
method works by resampling from the observed data and
thus makes no assumptions on distribution [7]. We com-
pared changes within and between groups using the
permutation test with general scores and exact p values.
The permutation test can provide very accurate p values,
regardless of the shape and size of the study population.
The statistical calculations were performed with Stata® 9.1
software (StataCorp LP, College Station, TX).

Results

The synovial fluid analysis showed higher (p = 0.017)
values of total MMP-3 (mean, 16.3 ng/mL; 95% CI, 3.4—

39.0) (Fig. 1A) and IGF-I (mean, 72.1 ng/mL; 95% CI,
56.3-91.1; p = 0.0038) (Fig. 1B) in patients with cartilage
lesions than in the control group with no cartilage lesions
(MMP-3: mean, 2.1 ng/mL; 95% CI, 1.1-4.2; IGF-I: mean,
33.8 ng/mL; 95% CI, 24.2-50.1). The levels of active
MMP-3 were very low or below the detection level and the
values consisted almost solely of pro-MMP-3.

One year after ACT, the levels of MMP-3 (mean, 12.2 ng/
mL; 95% CI, 6.7-27.8) (Fig. 1C) and IGF-I (mean, 78.6 ng/
mL; 95% CI, 61.8-98.3; p =0.5) (Fig. 1D) were similar (p =
0.6) compared with those at baseline. At 1 year, all 17
patients had cartilage lesions filled with ICRS Grades 9 to 12
or nearly normal to normal repair tissue, indicating suc-
cessful cartilage resurfacing when evaluated by arthroscopy.

Discussion

The biochemical environment has major effects on the
development and maturation of cartilage repair tissue. The
substances secreted by the cells in the synovial lining into
the synovial fluid affect the whole environment, including
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Fig. 1A-D The graphs show the values of (A) MMP-3 and (B) IGF-1
in the synovial fluid of control subjects (open circles) and patients
with cartilage lesions (closed circles); the means with 95% Cls also
are shown. The changes of (C) MMP-3 and (D) IGF-1 from baseline
during 1-year followup after ACT in individual patients are shown;
the means with the 95% Cls also are shown. The data show persisting
high levels of IGF-I and MMP-3 after ACT.
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cartilage. However, degradation products from the carti-
lage can induce secretion of substances from synoviocytes
and chondrocytes. We hypothesized levels of synovial fluid
markers would be higher in patients with cartilage lesions
than in patients with other knee complaints but no cartilage
lesions. Second, we hypothesized the levels of synovial
fluid markers would decrease after successful cartilage
repair.

As a preliminary study, the number of patients in the
study was limited and the control group was small. The
control group did not consist of healthy volunteers, but
patients coming for an arthroscopy, who did not have
visible cartilage lesions during the arthroscopy. During
arthroscopy, it is common to find asymptomatic cartilage
lesions [1]. These lesions would have been unrecognized in
any group of control subjects without arthroscopy; there-
fore, we chose patients undergoing arthroscopy as control
subjects. It is still possible some cartilage lesions would not
be observed during arthroscopy either because the area of
the cartilage was not observed or because the changes were
below the surface. Many of the knees (3 of 35) in this study
produced a very small amount of synovial fluid and no
sample was obtained from many patients (7 of 35) . Despite
these limitations in the control group, we found a differ-
ence between patients with and without cartilage lesions.
The cells were not removed from the samples; this can
affect the actual values of MMP-3 and IGF-I, and there-
fore, direct comparisons with values obtained in other
studies are not reliable. It is possible, for example, that any
neutrophil infiltrate could produce elevated values of
MMP-3. However, the values in the control group were
actually lower than reported in normal control subjects
(177 ng/mL) where the synovial fluid was centrifuged [30].
A similar procedure was used in all patients, and therefore,
comparisons within our patient population can be made.
This was a pilot study to find possible hypotheses for fur-
ther research. Therefore, no power analysis was performed
beforehand. Despite this, we found differences in MMP-3
and IGF-I concentrations between groups.

IGF-I levels are influenced by the amounts of IGF-
binding proteins. We detected no interference of IGFBP-2,
IGFBP-3, and IGFBP-4 with the analysis method of IGF-I
used in this study. However, without the knowledge of
IGFBP-3 and IGFBP-4 concentrations, conclusions
regarding IGF-I concentrations should be made with cau-
tion [16]. Both study groups include only patients in whom
an aspiration sample of synovial fluid was obtainable. This
makes it impossible to make comparisons of the concen-
trations to concentrations from general populations.

The predominant forms of MMP-3 in the synovial fluid
usually are the latent proenzymes [32]. We found the levels
of active MMP-3 were very low or below the detection
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level and the values consisted almost solely of pro-MMP-3.
Trauma induces prolonged elevation of MMP-3, which
may lead to proteoglycan degradation. In chronic meniscus
lesions or ligamentous knee injuries, synovial fluid levels
of MMP-3, tissue inhibitor of metalloproteinase 1 (TIMP-
1), and proteoglycan fragments are elevated. The levels of
MMP-3 in rheumatoid arthritis are much higher, usually at
least 10-fold, compared with that of patients with chronic
injury or OA [30, 35]. There is a marked and transient
elevation during the first weeks after the injury until a
steady state of slightly elevated values is reached [5, 14,
29]. Bobacz et al. [2] reported observing elevated pro-
MMP-3 levels early after trauma that decreased within 8
weeks. The proMMP-3 levels had no correlation with the
extent of cartilage damage in their study, but the wide
range of different diagnoses and times of arthroscopic
evaluation might be a confounding factor. In the ACT
group there were two patients with previous ACL recon-
struction and one with a meniscal tear. Based on the current
study in which many patients in the control group had
meniscus or ACL tears, it seems that a large cartilage
lesion has a more significant effect on the levels of MMP-3
than meniscus or ACL tears. Our observations extend the
earlier findings by showing that MMP-3 levels remain high
after treatment of large cartilage lesion with ACT.

This preliminary data supported our hypothesis because
the catabolic (MMP-3) and anabolic (IGF-I) markers were
higher in patients with cartilage lesions than in control
subjects. However, the data did not support the second part
of our hypothesis, because these values had not normalized
at 1 year. Instead, there is a persistent state of elevated
cartilage turnover 1 year after ACT. However, by
arthroscopy, the lesions were macroscopically well healed
according to the ICRS grading. This apparent discrepancy
between the good arthroscopic results and the molecular
markers of cartilage remodeling may suggest either early
degradation or continuing remodeling of the repair tissue.
Whether it is the chondrocytes or the synoviocytes that
produce this effect is not known. Good long-term outcome
of the patients after ACT suggests the increased turnover is
not necessarily a sign of repair tissue degradation but
represents remodeling [17, 20, 28]. Some catabolic activity
might actually be essential for remodeling of the repair
tissue. There is evidence from animal studies that the repair
tissue histology improves with time [4, 22] and human
biopsy specimens show newly synthesized collagen Type II
[23]. In a previous study, we suggested the indentation
stiffness of the ACT graft reached an average of 62% of the
stiffness of the adjacent cartilage [31]. Delayed gadolin-
ium-enhanced MRI, a quantitative MRI technique, suggests
normal levels of glycosaminoglycans in the graft are
reached between 12 and 24 months [10, 12]. It is possible
thicker osteochondritis dissecans grafts take longer to

mature, and in this study, the large number of osteochon-
dritis dissecans lesions may partly explain the persisting
high levels of MMP-3 and IGF-1. Schneider et al. [25]
reported MMP-3 elevated 6 weeks after cartilage repair but
returned to the level of the preoperative values at 52 weeks.
There was no control group with normal values. Therefore,
their MMP-3 results are in accordance with our results.

IGF-I enhances chondrocyte-mediated cartilage repair
and matrix production and prevents chondrocyte apoptosis
[8, 13, 28]. The upregulation of IGF-I in patients with
cartilage lesions may reflect an attempt to repair the defect.
After ACT, this upregulation may contribute to the pro-
duction of extracellular matrix and remodeling. In
osteoarthritic cartilage, the synthesis and expression of IGF-
I are elevated and the levels in the synovial fluid also are
elevated, but the chondrocyte response to IGF-I is decreased
[6, 16]. In contrast to the osteoarthritic low-responder cells,
the transplanted chondrocytes have been obtained from
healthy-looking cartilage. It can be speculated these chon-
drocytes are responsive to IGF-I stimulation and therefore
the elevation of IGF-I could be advantageous to the repair.

Whereas an increase in degradative enzymes normally
has been considered detrimental, we suggest the possibility
that persisting MMP-3 activity is important to repair tissue
remodeling and cartilage turnover. This hypothesis needs
to be verified by further studies. Synovial fluid MMP-3 and
IGF-I levels remain elevated after ACT, suggesting ongo-
ing graft remodeling. Longer followup is needed to
determine if there is normalization of the elevated values of
MMP-3 and IGF-I with time.
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