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Abstract
Articular cartilage defects are a significant source of pain, have limited ability to heal, and can
lead to the development of osteoarthritis. However, a surgical solution is not available. To tackle
this clinical problem, non-degradable implants capable of carrying mechanical load immediately
after implantation and for the duration of implantation, while integrating with the host tissue, may
be viable option. But integration between articular cartilage and non-degradable implants is not
well studied. Our objective was to assess the in vivo performance of a novel macroporous,
nondegradable, polyvinyl alcohol construct. We hypothesized that matrix generation within the
implant would be enhanced with partial digestion of the edges of articular cartilage. Our
hypothesis was tested by randomizing an osteochondral defect created in the trochlea of 14 New
Zealand white rabbits to treatment with: (i) collagenase or (ii) saline, prior to insertion of the
implant. At 1 and 3-month post-operatively, the gross morphology and histologic appearance of
the implants and the surrounding tissue were assessed. At 3 months, the mechanical properties of
the implant were also quantified. Overall, the hydrogel implants performed favorably; at all time-
points and in all groups the implants remained well fixed, did not cause inflammation or synovitis,
and did not cause extensive damage to the opposing articular cartilage. Regardless of treatment
with saline or collagenase, at 1 month post-operatively implants from both groups had a
contiguous interface with adjacent cartilage and were populated with chondrocyte-like cells. At 3
months fibrous encapsulation of all implants was evident, there was no difference between area of
aggrecan staining in the collagenase versus saline groups, and implant modulus was similar in
both groups; leading us to reject our hypothesis. In summary, a porous PVA osteochondral
implant remained well fixed in a short term in vivo osteochondral defect model; however, matrix
generation within the implant was not enhanced with partial digestion of adjacent articular
cartilage.

1 Introduction
Articular cartilage defects are a significant source of pain, have a limited ability to heal, and
can lead to the development of osteoarthritis [1, 2]. Surgical options for symptomatic
cartilage defects include palliative, reparative, and restorative methods [3], with the
treatment algorithm and surgical indications for each procedure continuing to evolve [4, 5].
More recently, implants intended to encourage the formation of articular cartilage in the
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defect site have been developed, many of which are biodegradable with mechanical
properties that are continually changing, and often inferior to that of the native tissue during
the degradation process [6]. Furthermore, the implants rely on a controlled and robust
cellular response in order to recreate an organized tissue that looks and mechanically
functions like the native articular cartilage; a goal that has thus far proven elusive in the
biological environment of the defective knee. To tackle this clinical problem, well
characterized, non-degradable implants capable of carrying mechanical load immediately
after implantation and for the duration of implantation, while integrating with the host tissue,
may be viable option. However few non-degradable implants for the treatment of
osteochondral or chondral defects have transitioned to clinical use. This is in part because of
the challenges in meeting the functional requirements in the mechanically demanding
environment of the knee joint. For example, non-degradable constructs should ideally act as
implants that can integrate with adjacent tissue, transfer load to the underlying bone (to
avoid bony resorption), resist wear, and not cause abrasion to opposing cartilage surfaces.

Poly(vinyl alcohol) (PVA) is a hydrophilic non-degradable hydrogel, the mechanical
properties of which can be readily controlled to provide the necessary mechanical support
for the use in diarthrodial joints [6, 7]. Several studies have evaluated solid, non-porous
PVA as a candidate material for chondral or osteochondral defects in animal models; but
integration of the implant with adjacent articular cartilage was absent [7, 8], threatening the
long-term functional ability of the implants. To tackle the challenge of integration, we
recently developed a macro-porous PVA implant intended to allow cells from the host tissue
to migrate into the implant. The macroporous scaffolds were manufactured by infiltrating
PVA solutions at concentrations of up to 20 % wt/vol through surgical gelatin sponges.
After a series of freeze–thaw cycles, and digestion of the sponge, an interconnected porous
scaffold that chondrocytes could infiltrate was produced [9]. By varying the geometry of the
gelatin sponge, the porosity of the scaffold (volume of pores, pore diameter, and pore
distribution) can be controlled; furthermore, the mechanical properties of the scaffold
(specifically, modulus) can be varied as a function of percent PVA content [9]. Using an in
vitro model, we demonstrated that chondrocytes from surrounding articular cartilage could
migrate into the porous PVA scaffolds, and that chondrocyte infiltration was increased by
pre-treating the cartilage with collagenase prior to implant insertion [10]. However, the in
vivo behavior of the implant has not thus far been explored.

The objective of this study was to assess the performance of a novel macroporous,
nondegradable polyvinyl alcohol implant in an in vivo osteochondral defect model. We
hypothesized that matrix generation within the implant would be enhanced with partial
digestion of the edges of articular cartilage. Our hypothesis was tested by creating an
osteochondral trochlear defect in a New Zealand white rabbit; randomizing the defect to (i)
treatment with collagenase or (ii) treatment with saline, prior to insertion of the PVA macro-
porous implant; and assessing morphology and histologic appearance of the implant and
adjacent tissue, and mechanical properties of the implant at 1 and 3-month post-operatively.

2 Methods
2.1 Implant fabrication

Surgical gelatin sponges (Ethicon-Johnson & Johnson, Somerville, NJ, USA) were saturated
with deionized water and then soaked in a graded series of PVA solutions (Sigma-Aldrich,
Saint Louis, MO, USA) to a final solution of 10 % w/v PVA [9]. The implants were
subjected to 6 freeze–thaw cycles (−20 °C 20 h, 25 °C 4 h), digested in 500 U/mL of
collagenase at 37 °C for 14 h, and cored to result in ∅5 mm × 4 mm implants. The implants
were washed in 70 and 100 % ethanol solutions for 20 min each and then completely dried
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in a laminar flow hood resulting in a non-degradable porous implant that was 80 % porous,
with average pore sizes of 16 μm (range 8–304 μm) [9].

2.2 Study design
The sample size for our in vivo study was calculated based on a power analysis of the
number of cells that migrated into the implant as a function of pre-treatment with
collagenase in an in vitro model [11]. Five knees were required for each group at each
timepoint to obtain a power of 0.80 with α = 0.05. With a bilateral model and two time-
points for sacrifice (1 and 3 months) this resulted in a total of 10 rabbits. To account for
unexpected animal loss, an additional rabbit was included in the study. Finally, three
additional rabbits were included at the 3 months timepoint so that the mechanical properties
of the site of implantation could be assessed. Thus, 14 adult male New Zealand white rabbits
weighing 2.5–3.0 kg were obtained from Covance (Princeton, NJ, USA), and were operated
on bilaterally; 6 of which were euthanized at 1 month and 8 of which were euthanized at 3-
month post-operatively. The study was approved by our Institutional Animal Care and Use
Committee.

2.3 Surgical implantation
All rabbits were preanesthetized by subcutaneous injection of 35 mg/kg ketamine and 5 mg/
kg xylazine. Preoperative analgesia with 0.05 mg/kg buprenorphine was administered, along
with 250 mg intramuscular ampicillin. Before surgery, rabbits were shaved and general
anesthesia was induced by isoflourane. A medial parapatellar arthrotomy of the knee joint
was performed. The patella was laterally subluxed to expose the trochlea. A constant point
in the central articulating groove of the distal trochlea was localized, and a ∅3.5 mm
cannulated drill over a guide wire was used to create an osteochondral defect 4 mm deep.
The cartilage edges were incised sharply with a ∅3.5 mm biopsy punch to remove any
ragged articular cartilage margins. The right/left knees were then randomized to the
following groups (i) 15 min treatment with collagenase type II (10 U/mL, Worthington
Biochemicals, Lakewood, NJ, USA) followed by saline irrigation, and (ii) treatment with
normal saline for 15 min. For both groups, the solution (collagenase or saline) was placed in
a syringe and injected into the defect until the solution filled the site to a level contiguous
with the top surface of the adjacent articular cartilage. The cartilage surface was then
covered with surgical sterile gauze; and the knee was manually secured to avoid unintended
movements. After 15 min, the gauze was removed, the solution was extracted with a syringe
and the defect site was irrigated with saline. The defect was then dried with gauze, and the
∅5 mm implant was press-fit into the defect. Within minutes the implant rehydrated with
blood to create a stable, press-fit construct (Note: The effect of press-fit was determined
from our previous in vitro work, which determined that a ∅5 mm implant in a ∅3.5 mm
defect resulted in optimal interfacial strength and increased GAG content within the implant
as a function of time [10]). The patella was reduced, and the knee was placed through a
range of motion to ensure stability of the plug. The arthrotomy and skin was closed in layers
with suture. The rabbits were returned to their cages, not immobilized, and allowed activity
as tolerated. Six rabbits were euthanized at 1 month, and eight rabbits were euthanized at 3
months.

2.4 Gross inspection
The knees were exposed through the same medial para-patellar arthrotomy, and the knee
joint, including the patella, was harvested en bloc. Gross examinations were performed to
assess for implant loosening or synovitis. The International Cartilage Repair System (ICRS)
Macroscopic Evaluation of Cartilage Repair was used to assess the gross appearance of the
implants and surrounding articular cartilage under loupes 3× magnification. Briefly, the
ICRS describes: (1) the defect repair (grade 0 no fill, grade 4 flush to surrounding cartilage);
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(2) integration to border zone (grade 0 no integration, grade 4 complete integration); and (3)
macroscopic appearance (grade 0 total degeneration of graft, grade 4 intact smooth surface).
The overall repair assessment is the summation of the three scores and rated as follows:
grade I: normal (12); grade II: nearly normal (8–11); grade III: abnormal (4–7), grade IV
severely abnormal (1–3) [11, 12].

One knee from the 1 month group and one knee from the 3 months group were randomly
chosen for imaging using an environmental scanning electron microscope (Quanta 600; FEI
Company, Hillsboro, OR) at 10 kV.

2.5 Histology
Knees for histological analysis had the patellofemoral articulation isolated from each joint
and were placed in 10 % formalin with 1 % cetyl pyridinium chloride. The knees were then
decalcified in 10 % EDTA in 0.05 M tris buffer (pH 7.4), which was changed every 3–4
days. The decalcified knees were embedded in paraffin and longitudinally sectioned into 8
μm-thick slices. Slices were stained with Alcian Blue and Safranin-O to assess the articular
cartilage morphology. Immunostains for localization of chondroitin sulfate, types I and II
collagen, and aggrecan were also performed. Stained sections were microscopically
examined for the relationship between the implant and the articular cartilage surface (flush,
recessed, or proud), damage to adjacent articular cartilage margins, presence of tissue
integration or fibrous encapsulation at both the articular cartilage and bony margins, and the
presence of cells with chondrocyte morphology (chondrocyte-like) within the implant. A
grading system based on the O’Driscoll method [13] was used to grade the articular cartilage
surrounding the implant. The grading system was as follows: grade 4 = normal cellularity,
no clusters, normal staining; grade 3 = normal cellularity, mild clusters, moderate staining;
grade 2 = mild or moderate hypocellularity, slight staining; grade 1 = severe hypocellularity,
poor or no staining; grade 0 = severe disruption, including fibrillation. Two slides from each
knee were graded by two independent observers.

2.6 Aggrecan staining quantification
The area of aggrecan staining, adjusted for the porosity of the implant and expressed as a
percent of total implant area, was calculated. Briefly, Bioquant Osteo II software (V8.10.20,
Bioquant image analysis corporation, Nashville, TN) was used to manually select the
aggrecan threshold range of staining in the native adjacent cartilage; the implant was
selected as the region of interest; and the percent of the aggrecan positive stain highlighted
at the chosen threshold was calculated. This was repeated six times for each implant, by two
blinded observers. Inter-rater reliability showed excellent agreement, with an intra-class
correlation coefficient of 0.91 (95 % confidence interval 0.61–0.99).

2.7 Mechanical testing protocol
Experimental knees for mechanical testing (n = 3 per group at 3 months) were frozen
immediately after harvest; thereafter thawed 24 h prior to testing, at which point they were
individually placed on the base of an Enduratec ELF materials testing machine (Bose,
Minetonka, MN), oriented so that the implant was perpendicular to the indentation fixture,
and clamped in place. A porous indenter (diameter 1.25 mm) was attached to the upper
actuator. A pre-designed program was used to apply a compressive load of 20 g at a rate of 5
g/s; thereafter the load was kept constant for 1 h. At the completion of testing the indentation
fixture was replaced with a needle fixture to measure implant thickness. Displacement–time
data were numerically fit to the biphasic indentation creep solution to determine three
intrinsic material coefficients at each test site: aggregate modulus (Ha) and permeability (k)
as described previously [14]. Values for the shear modulus (μ) were calculated from the
parameters, Ha and ν. The data generated was compared to that from four cadaveric rabbit
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knees in which an identical defect and an identical implant was placed (time zero
mechanical properties).

2.8 Statistical analysis
Cartilage grading (ICRS and modified O’Driscoll scoring system), area of aggrecan staining,
and mechanical test data (Ha, μ k) were analyzed using two-way ANOVA with time and
treatment as independent variables. Bonferroni post hoc analysis was performed with an α =
0.05 to determine significance. Statistical analysis was performed using GraphPad Prism
v4.0 software (GraphPad Software, Inc.; La Jolla CA).

3 Results
3.1 Gross inspection

At 1 month, there was no evidence of synovitis and the implants had a stable interface with
adjacent articular cartilage. All specimens in both groups had an ICRS score of 12 indicating
an intact implant smooth surface that was flush to the surrounding cartilage, complete
integration with surrounding cartilage, and an intact smooth surface. Similarly, at 3 months,
the eight knees in the collagenase-treated group (five knees for histology and three for
mechanical testing) and the eight knees in the control group had no evidence of synovitis,
the implant interface with adjacent articular cartilage appeared to be continuous without
gross evidence of gaps, and all specimens had an ICRS score of 12. Environmental scanning
electron microscopy at 1 month correlated well with gross observations demonstrating good
integration between the implant and surrounding articular cartilage and bone (Fig. 1a).
However, at the 3 months time point, fibrous encapsulation of the implant was apparent
(Fig. 1b).

As illustrated in Table 1, gross inspection of the patellas revealed ICRS scores of between
10 and 12 at both one and 3 months. Specifically, at 1 month in the collagenase-treated
group the scores were as follows: score of 10 in thee knees, score of 11 in two knees and
score of 12 in one knee. At 3 months, one knees had a score of 10, one knee had a score of
11 and three had a score of 12. In the saline group scores were as follows: n = 3, score of 10,
n = 2 score of 11 and n = 1 score of 12 at 1 month; n = 1 score of 10, n = 3 score of 11 and n
= 1 score of 12 at 3 months. There was no statistically significant difference between ICRS
scores of the patella as a function of time or treatment.

3.2 Histological analysis
At 1 month, PVA implants were populated with chondrocyte-like cells, many of which were
producing type II collagen, chondroitin sulfate, and aggrecan. The implants in both the
collagenase-treated and control groups were flush with the articular surface and adjacent
articular cartilage was free from any discernable damage (Fig. 2a). Shrinkage of implants
occurred due to water loss during histological processing; a factor which complicated the
assessment of the implant-cartilage interface. Nonetheless, in all cases, the profile of the
shrunken implant matched that of the adjacent cartilage walls, suggesting that an intimate
interface had existed prior to processing (Fig. 2b). At the bone-implant interface, 50 % in
each group had some evidence of tissue integration (Fig. 2c), while all had some fibrous
tissue present at this interface. All implants in both treatment groups had cells with
chondrocyte-like morphology within the implant (Fig. 2d).

There was no significant difference in the modified O’Driscoll scoring system as a function
of time or treatment. In the collagenase group at 1 month, two knees had a score of four and
four knees had a score of three; while in the saline treated group, one knee had a score of 4
and five knees had a score of three. At 3-month post-operatively, in the collagenase-treated
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group one knee had a score of four, three had a score of three, and one knee had a score of
two. In the saline treated group, one knee had a score of four and all remaining three knees
had a score of three.

At 3 months, fibrous encapsulation of the PVA implants was present at both the articular
cartilage and bony interfaces, but there was no evidence of macrophages or giant cells.
Three of five implants (60 %) in the collagenase-treated group were slightly recessed with
the remaining two flush. In the control group, two of the five implants were slightly recessed
with the remaining three implants flush; adjacent articular cartilage was not damaged. All of
the implants in both groups had presence of fibrous tissue at the adjacent articular cartilage
interface (Fig. 3a) as well as at the bone-implant interface (Fig. 3b). Two of five implants in
the collagenase-treated group (40 %) and three of five (60 %) implants in the control group
had some chondrocyte-like cells remaining within the implant and staining for type II
collagen, chondroitin sulfate, and aggrecan was largely present in all slides. The histological
findings are summarized in Table 2.

3.3 Aggrecan staining quantification
There was no significant difference between area of aggrecan in the collagenase versus
saline treated defects at 1 (16.6 vs. 12.5 %) or 3 months (14.5 vs. 10.7 %; Table 3).

3.4 Mechanical testing protocol
There was no significant difference as a function of time (time zero vs. 3 months) and as a
function of treatment (saline vs. collagenase) in Ha, μ, and k. At 3-month postoperatively,
Ha values ranged from 0.2 to 1.5 MPa for the collagenase-treated group and 0.4–1.0 MPa in
the saline treated group; μ ranged from 0.1 to 0.6 MPa for the collagenase group and 0.22–
0.35 MPa for the saline treated group; k ranged from 0.29–7.58 × 10−15 m4/Ns in the
collagenase group and 0.22–3.09 × 10−15 m4/Ns in the saline treated group. The time zero
data was as follows: Ha: 0.3–1.7 MPa; μ: 0.12–0.74 MPa and k: 0.54–5.94 × 10−15 m4/Ns.

4 Discussion
The objective of this study was to assess the performance of a novel macroporous,
nondegradable polyvinyl alcohol implant in an in vivo osteochondral defect model. Our
hypothesis, that matrix generation within the implant would be enhanced with partial
digestion of the edges of articular cartilage, was tested by randomizing an osteochondral
trochlear defect in a New Zealand white rabbit to: (i) treatment with collagenase or (ii)
treatment with saline, prior to insertion of the implant. At 1 and 3-month postoperatively, the
gross morphology and histologic appearance of the implants and the surrounding tissue were
assessed. At 3 months, the mechanical properties of the implant were also quantified. The
implants remained fixed in the defect site at all time-points; they integrated with surrounding
tissue, did not cause inflammation or synovitis, and did not cause extensive damage to the
opposing articular cartilage. Mild degeneration of the adjacent articular cartilage was seen in
the form of localized clustering of a small number of chondrocytes and moderate staining at
time-points of up to 3 months. It is difficult to know if these findings were the result of the
presence of an implant, or if they would have occurred if the defect had been left empty.
Fibrous tissue encapsulation of the implant was evident in all knees at 3 months. Finally, as
a quantitative measure of cellular migration into the implant and matrix production within
the implant, area of aggrecan staining was similar in the collagenase and saline treated
groups at both time-points. Therefore, our hypothesis that in vivo migration into the implant
would be superior with predigestion of adjacent cartilage with collagenase was rejected.

The concept of using a non-degradable implant for the treatment of focal cartilage defects is
not new [15, 16] and the avoidance of requiring host cells to re-create functional native
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tissue is a clear advantage to such implants. Ideally, a non-degradable implant for focal
osteochondral defects should have an ability to integrate with surrounding tissue,
biomechanically distribute load to the underlying bone, and protect adjacent cartilage from
further degradation [8]. However, integration between implants and the adjacent articular
cartilage has been problematic. We previously developed a porous PVA implant to address
this problem, and demonstrated its ability to allow for chondrocyte migration, matrix
generation and increased interfacial strength with articular cartilage in vitro; which was
enhanced with the application of collagenase to the host articular cartilage prior to scaffold
implantation; [10] but the in vivo response has thus far not been assessed.

The concept of partially digesting the edges of articular cartilage in order to free
chondrocytes from their dense matrix so that they can migrate has been explored by other
using in vivo models. Lee et al. [17] demonstrated increased adhesive force of chondrocytes
to articular cartilage in response to chondroitinase digestion and van de Breevaart
Bravenboer et al. [18] showed improved cartilage–cartilage integration after using
hyaluronidase and collagenase treatment. In a rabbit model Hunziker et al. [19] observed a
greater extent of repair cells at the site of a superficial chondral lesion treated with
chondroitinase when compared to control [19]. However, the effect of digestion on articular
cartilage integration with an implant has not previously been explored. In contrast to our in
vitro study which also used a digestion time of 15 min [10], collagenase pre-digestion of the
surrounding cartilage did not improve cellular migration in vivo; the main difference
between which was the use of a chondral model in vitro, and an osteochondral model in
vivo. Articular cartilage in the rabbit is approximately 600 μm thick [20], which does not
allow for a sufficiently robust implant-cartilage interface using our implant press-fit
approach, thus we thus decided to use an osteochondral defect to provide additional fixation
to the implant.

The most prevalent histologic change over time was the presence of progressive fibrous
encapsulation, especially at the implant-bone interface, which occurred in all 10 animal
knees at 3 months. The lack of integration may have been caused in part by a foreign body
response combined with an inability of osetoblasts to migrate into and remain in the porous
morphology of the scaffold. The principal requirements for osseointegration include
biomaterial biocompatibility, appropriate pore size, small implant-bone interface distances,
and minimal implant micromotion [21]. Multiple studies have shown that the optimal pore
size range to allow for osseointegration is 100–400 μm, and almost all porous-coated
prostheses available for clinical use in the area of joint replacement have pore sizes in this
range [22]. The average pore size for the porous PVA implant in this study was 16 μm
(range 8–304 μm) [9], which although suitable for chondrocyte migration [10] may not be
large enough to allow for bony ingrowth. The mis-match in modulus between the PVA
implant and bone and the resulting micro motion of the implant, was also a likely
contributing factor to the development of the fibrous membrane [23] One potential solution
to improve integration with bone would be to fabricate a bilayered implant; the porosity and
stiffness of each layer can then be manipulated to determine the tissue types that grow
within it [24, 25], a concept which has been used in the design of many implants that are
currently undergoing clinical evaluation [26–29].

The current study has several limitations. The first is that breaching the subchondral bone
likely created an environment of a mixed cellular population within the implant, similar to
microfracture [30] in contrast to our preliminary in vitro work. Secondly, a negative control
(unfilled defect) was not used in this study because its inclusion would not have helped us to
test our hypothesis. Nonetheless, its exclusion hampered our ability to truly identify the
cause of the mild degenerative changes seen in the adjacent articular cartilage. Thirdly,
while no implant became dislodged from the defect site, the long-term consequences of the
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fibrous encapsulation may have led to loosening in a longer-term animal model. Finally, a
cannulated drill to create the defect does not allow for a precise depth of the osteochondral
defect to be created which may have contributed to micro motion, hence fibrous tissue
encapsulation, at the implant-bone interface.

In summary, a novel macroporous PVA hydrogel remained well fixed in an in vivo
osteochondral defect. The implant performed favorably at all time-points and in all groups;
it remained well fixed, did not cause inflammation or synovitis, and did not cause extensive
damage to the opposing articular cartilage. Our hypothesis that matrix generation within the
implant would be enhanced with collagenase predigestion was rejected, as similar results
were achieved in the control group. Future studies are needed to improve integration of this
porous hydrogel with bone, and to avoid the formation of a fibrous-tissue at the implant-
tissue interface.
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Fig. 1.
a Environmental scanning electron microscopy of a longitudinal slice taken through the
cartilage-bone-implant. The specimen was retrieved at the 1 month post-operative time
point. Good integration between the implant and the surrounding bone and articular cartilage
was observed. b Environmental scanning electron microscopy image of a longitudinal slice
taken through the cartilage-bone-implant construct at 3 months. Fibrous encapsulation of the
implant is highlighted by arrows
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Fig. 2.
a Aggrecan staining at 1 month demonstrates no degeneration of the articular cartilage
adjacent to the implant (×1, scale bar represents 500 μm). b Aggrecan staining at 1 month
demonstrates good integration of the implant with the adjacent articular cartilage (×10, scale
bar represents 100 μm, arrows point to clusters of chondrocyte-like cells producing aggrecan
matrix). c Aggrecan staining at 1 month shows partial integration of the implant with
adjacent bone, see arrows (×10, scale bar represents 100) within the implant producing
proteoglycan (×40, scale bar represents 50 μm). d Safranin-O staining at 1 month
demonstrates cells with chondrocyte-like morphology within the implant producing
proteoglycan (×40, scale bar represents 50 μm, arrows points to chondrocyte-like cells)
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Fig. 3.
a Collagen type-I staining at 3 months demonstrates fibrous encapsulation of the implant
with the adjacent articular cartilage (×10, scale bar represents 100 μm, arrows point to
encapsulating fibrous-tissue). b Collagen type-I staining at 3 months demonstrates fibrous
encapsulation of the implant with the adjacent bony interface (×10, scale bar represents 100
μm, arrows point to area of fibrous encapsulation between bone and implant)
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Table 1

ICRS scores for collagenase and saline treated knees at the 1 and 3-month postoperative time-points

Defect repair Integration Macroscopic appearance Overall ICRS score

Max score: 4 Max score: 4 Max score: 4 Max score: 12

1 month

 Collagenase (#10L) 3 3 4 10

 Collagenase (#1R) 3 3 4 10

 Collagenase (#2L) 3 4 4 11

 Collagenase (#3R) 4 4 4 12

 Collagenase (#6L) 3 4 4 11

 Collagenase (#7R) 3 3 4 10

 Saline (#10R) 3 4 4 11

 Saline (#1L) 3 3 4 10

 Saline (#2R) 3 3 4 10

 Saline (#3L) 4 4 4 12

 Saline (#6R) 3 4 4 11

 Saline (#7L) 3 3 4 10

3 months

 Collagenase (#11L) 3 3 4 10

 Collagenase (#12L) 4 4 4 12

 Collagenase (#13R) 4 4 4 12

 Collagenase(#14R) 3 4 4 11

 Collagenase (#9R) 4 4 4 12

 Saline (#11R) 4 3 4 11

 Saline (#12R) 3 4 4 11

 Saline (#13L) 4 3 3 10

 Saline (#14L) 4 4 4 12

 Saline (#9L) 3 4 4 11
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Table 3

Area quantification of aggrecan staining adjusted for scaffold porosity

Timepoint Collagenase-treated (% ± SD) Saline control (% ± SD)

1 month (n = 12) 16.6 (±0.76) 12.5 (±4.6)

3 months (n = 10) 14.5 (±6.7) 10.7 (±0.59)
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