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Background: There is an unmet need for a single-stage cartilage repair treatment that is cost-effective and chondrocyte-based.
Purpose: To evaluate the safety and preliminary efficacy of autologous freshly isolated primary chondrocytes and bone marrow
mononucleated cells (MNCs) seeded into a PolyActive scaffold in patients with symptomatic cartilage lesions of the knee.
Study Design: Case series; Level of evidence, 4.
Methods: A total of 40 patients with symptomatic knee cartilage lesions were treated with freshly isolated autologous chondrocytes
combined with bone marrow MNCs delivered in a biodegradable load-bearing scaffold. The treatment requires only 1 surgical intervention and is potentially a cost-effective alternative to autologous chondrocyte implantation. The primary chondrocytes and bone
marrow MNCs were isolated, washed, counted, mixed, and seeded into a load-bearing scaffold in the operating room. Patients were
followed up at 3, 6, 12, 18, and 24 months. Primary endpoints were treatment-related adverse events up to 3 months, adverse
implant effects between 3 and 24 months, and the implant success rate at 3 months as measured by lesion filling.
Results: Successful lesion filling (67% on magnetic resonance imaging) was found in 40 patients at 3 months and in 32 of the 32
patients analyzed at 24 months. Significant improvement over baseline was found for visual analog scale for pain from 3 months
onward; Knee injury and Osteoarthritis Outcome Score (KOOS)-Pain and KOOS-Activities of Daily Living from 6 months onward;
for KOOS-Symptoms and Stiffness, KOOS-Quality of Life and International Knee Documentation Committee from 12 months
onward; and for KOOS-Sport and Recreation from 18 months onward. Hyaline-like repair tissue was found in 22 of 31 patients
available for biopsy. Arthralgia and joint effusion were the most common adverse events. Scaffold delamination and adhesions led
to removal of the implant in 2 patients.
Conclusion: The treatment of knee cartilage lesions with autologous primary chondrocytes and bone marrow MNCs, both isolated and seeded into a load-bearing PolyActive scaffold within a single surgical intervention, is safe and clinically effective. Good
lesion fill and sustained clinically important and statistically significant improvement in all patient-reported outcome scores were
found throughout the 24-month study. Hyaline-like cartilage was observed on biopsy specimen in at least 22 of the 40 patients.
Registration: NCT01041885 (ClinicalTrials.gov)
Keywords: cartilage repair; knee; primary chondrocytes; autologous chondrocyte implantation; single-stage; single surgery;
load-bearing scaffold; bone marrow mononucleated cells

Lesions of articular cartilage may lead to pain, progressive
degeneration of the joint,5 and osteoarthritis,38 thereby
inevitably decreasing the quality of life of the patient. Cartilage regeneration is the most viable option to reduce pain
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and postpone or even prevent osteoarthritis and the need
for arthroplasty.2 As hyaline articular cartilage is produced only by chondrocytes, chondrocyte-based regenerative treatments have been explored extensively in the
past decades, with an emphasis on autologous chondrocyte
implantation (ACI) and its derivatives.
The clinical results obtained with first-generation ACI
are superior to those obtained with microfracture23 and
are even better in its next generations,36 in which ACI is
combined with an engineered biodegradable scaffold instead
of a periosteal patch. However, one of the main drawbacks
of ACI is that it requires 2 surgical interventions: 1 to collect
a cartilage biopsy specimen and 1 to implant the chondrocytes. There is a variable delay of 4 to 8 weeks for chondrocyte expansion, which is expensive and labor-intensive.
Using a fast-isolation protocol,15 Bekkers et al3 demonstrated in a goat knee model that treating a focal cartilage
lesion with a combination of freshly isolated chondrocytes
(ie, nonexpanded or primary) and bone marrow mononucleated cells (MNCs) led to better macroscopic regeneration at
6 months as compared with microfracture. Subsequently, in
2017, de Windt et al11 reported improved clinical outcome
scores for 35 patients whose articular cartilage lesions were
treated using a mixture of their own chondrons (chondrocytes
with pericellular matrix) and allogenic mesenchymal stromal
cells in a single surgical procedure. The combination of primary chondrocytes (PCs) with a second cell population has
been shown to possess a chondrogenic potential greater
than that of PCs alone.9,14,17 The benefits of a single-stage
treatment for cartilage lesions in which autologous chondrocytes are combined with a second cell type appear obvious.
We report the final results of a 2-year single-arm study
in which patients with symptomatic cartilage lesions of the
knee were treated with a mixture of primary autologous
chondrocytes and primary autologous bone marrow
MNCs seeded into a load-bearing osteochondral scaffold
in a single surgical intervention. No cell culture was
needed. The primary objectives of this study were to evaluate the safety and preliminary efficacy of this novel 1stage regenerative therapy.

METHODS
Study Design and Ethics
The INSTRUCT for Repair of Knee Cartilage Defects
Study (ClinicalTrials.gov, NCT01041885) was a prospective
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single-arm multicenter multinational study conducted at 6
European sites. The clinical investigation plan, patient
information form, and patient consent form were approved
by an independent ethics committee before commencement
of the study at each investigating site. The relevant competent authority was notified of the study, and regulatory
clearance was obtained as required. The study was conducted in accordance with good clinical practice, local legal
requirements, and applicable medical device regulations
and standards (including ISO 14155), and it complied
with the Declaration of Helsinki. Patients were willing
and able to provide informed consent and to comply with
all pre- and postoperative clinical investigation and rehabilitation requirements. Enrollment began in 2010.

Patient Population
Patients were included if they were 18 to 55 years old and
had a focal symptomatic unilateral cartilage lesion on the
medial or lateral femoral condyle or on the trochlea. Additionally, the lesion had to be assessed as a modified Outerbridge grade29 III or IV—equivalent to an International
Cartilage Research Society (ICRS) grade II and III—and
have an area 1 cm2 and 2.6 cm2 after debridement
(length or diameter, 1.3-1.8 cm).
The main exclusion criteria were as follows: .1 clinically relevant cartilage lesion on the femoral condyle,
a clinically relevant cartilage lesion (or lesions) on the
patella, any knee defect of the contralateral leg that may
interfere with rehabilitation, varus or valgus malalignment exceeding 5° assessed with full-length radiographs,
meniscal loss .50%, ligamentous instability of the knee,
and inflammatory arthropathy.

Surgical Procedure
Suitability of the lesion was confirmed through diagnostic
arthroscopy. Next, a mini-arthrotomy was made to allow
access to the lesion. A cartilage biopsy specimen of approximately 0.3 g was collected from a low–load bearing region
of the femoral condyle in a similar fashion to ACI. The cartilage lesion was then prepared with specifically designed
instrumentation to punch out a circular defect either 18
mm or 15 mm in diameter, depending on lesion size, and
5 mm deep. Debrided cartilage was collected and added
to the low–load bearing cartilage biopsy specimen. From
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the ipsilateral iliac crest, 14 mL of bone marrow was aspirated. A technician intraoperatively processed the cartilage pieces and bone marrow aspirate to isolate PCs and
MNCs, respectively, within approximately 60 minutes
(CartiONE Cell Service; Cartilage Repair Systems,
LLC).15 The cells were washed and counted to determine
if sufficient numbers had been retrieved to satisfy (1) the
predetermined total cell-seeding density of 30 3 106 cells/
cm3 in the defect and (2) the minimum PC:MNC ratio
requirements based on preclinical research.16 All isolated
PCs were used; the number of MNCs added was controlled
so that the PC:MNC ratio did not fall below the minimum.
The cell mixture was seeded into a 15- or 18-mm cylindrical scaffold, which was placed into the defect with a pressfit technique and secured to the surrounding cartilage with
2 to 5 sutures and fibrin glue. The subchondral part of the
scaffold was filled and sealed with fibrin glue before the
cells were seeded into its chondral part.
The scaffold was 3-dimensionally printed, porous, biocompatible, and biodegradable; was composed of a copolymer
of polyethylene glycol terephthalate and polybutylene terephthalate (PolyActive; PolyVation BV); and was designed
to have mechanical properties similar to native articular
cartilage.18,28,43 PolyActive has been used commercially in
a bulk nonporous form as a cement restrictor in cemented
hip arthroplasties, and a similar porous PolyActive scaffold
has been evaluated as a donor-site filler after mosaicplasty.1

Rehabilitation Protocol
A standard ACI rehabilitation protocol was applied.
Briefly, weightbearing progressed from nonweightbearing
for the first 2 weeks after the operation to progressive
weightbearing from 10 to 30 kg from weeks 3 to 6 and
full weightbearing as tolerated by the patient in week 7
or 8. Range of motion (ROM) progressed as follows: from
0° to 90° initially after the operation, from 0° to 110° by
week 4, from 0° to 130° by week 6, and to full ROM by
week 8. Patient compliance with the rehabilitation program and achievement of rehabilitation goals was monitored. The standard program was adjusted for individual
cases to ensure that the goals of each phase were reached
before proceeding with the next phase.

Patient-Reported Outcome Measures
Patient-reported measures of pain, general and knee-specific
quality of life, and functional activity levels were collected at
baseline and 3, 6, 12, 18, and 24 months after surgery with
the visual analog scale for pain,21 the Knee injury and Osteoarthritis Outcome Score (KOOS),32 and the International
Knee Documentation Committee (IKDC) score.13

Second-Look Arthroscopy and Biopsies
Second-look arthroscopies were performed on subsets of
patients at 6, 12, or 24 months, during which gross appearance of the repair tissue was assessed according to macroscopic ICRS scoring criteria.4 Full-thickness osteochondral
biopsy specimens were taken with a 8-gauge Jamshidi
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needle. Histological assessment of repair tissue was performed by an independent laboratory (NAMSA Biomatech)
with a scoring system based on the ICRS II parameters24
and O’Driscoll parameters.30

Magnetic Resonance Imaging
Magnetic resonance images were made when the patient
was discharged from hospital and 3, 6, 12, and 24 months.
At each time point, a sagittal proton density T2-weighted
sequence, a coronal intermediate fat-saturated sequence,
and a transverse and sagittal dual echo steady state
sequence were performed. Sequence parameters depended
on magnetic resonance imaging (MRI) scanner manufacturer and model. Images from the 6 sites were assessed
blindly and independently by 2 radiologists (see Acknowledgments). Both are trained in musculoskeletal imaging
and experienced in interpreting MRI scans of surgically
treated articular cartilage lesions. Their assessments
were done at different times after the study; therefore,
there was no adjudication between the readings.

Study Endpoints
The primary safety endpoints were the incidence of
adverse events related to the device, the process, or the
procedure up to 3 months after surgery, as well as longterm adverse device effects between 3 and 24 months postoperatively. The primary efficacy endpoint was the success
rate of the implant at 3 months. Success was defined as
lesion fill 67% on MRI. The lesion fill percentage was
the calculated mean of 2 measurements by the 2 independent radiologists. Secondary endpoints included the following: (1) the incidence of nonrelated treatment-emergent
adverse events throughout the 24-month study (secondary
safety objective); (2) histological outcome based on the
O’Driscoll and ICRS II scores24,30,33; (3) MRI assessment
of structural repair at 3, 6, 12, and 24 months with the
MOCART25,26,42 (magnetic resonance observation of cartilage repair tissue) scoring system for the degree of integration, repair tissue surface and structure, signal intensity
of repair tissue, intactness of the subchondral lamina,
appearance of edema, granulation tissue, cysts in the subchondral bone, adhesions, and effusion; and (4) improvement in the patient-reported outcome measures at 3, 6,
12, 18, and 24 months after treatment as compared with
baseline.
A first interim analysis based on safety data only was
conducted 6 weeks after the first 10 patients had been
enrolled and treated. This analysis supported the enrollment of an additional 30 patients. A second interim analysis on the first 10 patients was conducted after completion
of the 3-month follow-up and considered all available data.

Health Economics
The intraoperative length of the INSTRUCT procedure,
the mean time to full weightbearing, and the mean time
to full ROM were recorded to assess health economics.
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Statistical Analysis
The statistics are mainly descriptive. For the patientreported outcome measures, changes from baseline were
analyzed with a repeated-measures analysis of variance
with JASP (Version 0.10.2, the JASP Team). The Greenhouse-Geisser correction was applied when the Mauchly
test indicated that the assumption of sphericity was violated. If there was a statistically significant effect of time on
the patient-reported outcome measure, Bonferroni-corrected
post hoc comparison tests were done between the baseline
sample and the follow-up time samples, with a significance
level of a = .05.
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Paents screened and
enrolled n = 43
Screen failures
n=2
Paents eligible for
treatment n = 41
Treatment failures
n = 1 (insuﬃcient cells)
Paents treated
n = 40

RESULTS
Patient and Lesion Characteristics
Across 6 investigating centers in Poland, the United Kingdom, and Belgium, 43 patients enrolled between January
2010 and June 2012, and 41 were eligible for treatment.
Insufficient cells were obtained for 1 patient, resulting in
a total of 40 patients treated (Figure 1). Collection of
follow-up data was completed in June 2014. Reporting
was delayed because of financial constraints of the sponsor
company subsequent to completion of the study.
The characteristics of the 40 patients treated and of
their articular cartilage lesions are listed in Table 1. Age
and body mass index were registered at baseline.
Nineteen patients (47.5%) considered their sporting
activity as either highly competitive or frequent, while
the remaining 21 patients (52.5%) had occasional or no
sporting activity. Most patients were nonsmokers (n = 32;
80.0%). The mean time between the onset of symptoms
and surgery was 60.2 months at baseline. The mean lesion
size was 2.09 cm2, with most lesions occurring on the
medial femoral condyle (n = 24; 60.0%) and lateral femoral
condyle (n = 9; 22.5%). One patient had a lesion size of
3.24 cm2 after debriding, outside the inclusion criterion.
The attending surgeon, however, thought that the lesion
still was suitable for the treatment under study, and the
patient remained included. Twenty-seven (67.5%) lesions
were modified Outerbridge grade IV, and the remaining
13 (32.5%) were grade III. The most common lesion etiology was acute trauma (n = 24; 60.0%), followed by osteochondritis dissecans (n = 8; 20.0%) and degenerative
lesions (n = 8; 20.0%).
Twenty-nine (72.5%) patients had 1 previous surgical
procedures on the target knee. These procedures included
diagnostic arthroscopy in 12 (30.0%); debridement in 9
(22.5%); partial meniscectomy in 7 (17.5%); microfracture
in 7 (17.5%); anterior cruciate ligament reconstruction in
5 (12.5%); loose body removal in 4 (10.0%); and 1 (2.5%)
each of mosaicplasty, meniscal debridement, collagen
membrane placement (and revision), anterolateral ligament reconstruction, synovectomy, tibial osteotomy, and
patellar tendon repair. No concomitant surgical procedures
were reported. The most common procedures performed
after implantation during the 24-month follow-up period

Follow-up (n)
KOOS
Baseline/ discharge 39
3-month
39
6-month
38
12-month
37
18-month
36
24-month
36

IKDC
40
39
39
38
37
35

VAS
40
40
39
38
37
36

Completed study
Withdrawn
Reason for withdrawal
Adverse events
Withdrew consent
Lost to follow-up (at 24 months)

MRI
40
40
38
37
-32

Biopsy
--2
27
-2

n
n

= 36
= 4

n
n
n

= 2
= 1
= 1

Figure 1. Patient enrollment and follow-up numbers.
Dashes signify data not collected. IKDC, International
Knee Documentation Committee; KOOS, Knee injury and
Osteoarthritis Outcome Score; MRI, magnetic resonance
imaging; VAS, visual analog scale.
included cryotherapy (n = 18; 45.0%), electrostimulation
(n = 18; 45.0%), ice compression (n = 8; 20.0%), knee aspiration (n = 8; 20.0%), arthroscopic arthrolysis/lavage (n = 4;
10%), mobilization/adhesion release (n = 3; 7.5%), and aspiration/arthroscopy for graft delamination or knee swelling
(n = 2; 5.0%).

Intraoperative Cell Isolations
The mean 6 SD amount of cartilage collected per patient
(less load bearing 1 debridement) was 0.75 6 0.32 g,
providing a yield of 0.94 6 0.60 3 106 PCs (n = 39). From
the collected bone marrow aspirate, either 16.1 3 106 (for
a 15-mm scaffold) or 22.6 3 106 (for an 18-mm scaffold)
of the isolated MNCs were added to the PCs. The
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TABLE 1
Patient and Lesion Characteristics

Patients (N = 40)
Sex
Male
Female
Age, y
Height, cm
Weight, kg
Body mass index, kg/m2
Sporting activity
Highly competitive
Frequently active
Occasionally active
Nonsporting
Duration of symptoms, mo
Lesions
Size, cm2
Treatment knee
Left
Right
Location
Medial femoral condyle
Lateral femoral condyle
Trochlea
Medial femoral condyle / trochlea
Modified Outerbridge grade
III
IV
Etiology
Acute trauma
Chronic degeneration
Osteochondritis dissecans

28
12
35.2
174.5
77.9
25.5

(70.0)
(30.0)
(20-53)
(156-193)
(55.0-98.0)
(19.3-30.0)

2
17
14
7
60.2

(5.0)
(42.5)
(35.0)
(17.5)
(2.0-277.0)

2.09 (1.00-3.24)

130
120

% of Lesion Fill by MRI

No. (%) or Mean (Range)

5

110
100
90
80
70
60
50
Discharge 3 Months 6 Months
n = 40
n = 40
n = 38

12 Months
n = 37

24 Months
n = 32

Figure 2. Box and whisker plots of the percentage of lesion
fill assessed by magnetic resonance imaging (MRI). From
bottom to top, the values indicated are minimum, first quartile, median, third quartile, and maximum. The black diamond
indicates the mean percentage. At discharge, both the
median and the third quartile were 100%.

20 (50.0)
20 (50.0)
24
9
5
2

(60.0)
(22.5)
(12.5)
(5.0)

13 (32.5)
27 (67.5)
24 (60.0)
8 (20.0)
8 (20.0)

at 12 months (n = 37), and 96.9% 6 11.9% at 24 months
(n = 32) (Figure 2). Lesion filling was rated as successful
(67% lesion filling) in all 40 patients evaluated at 3
months, in 36 of 38 at 6 months, in 37 of 37 at 12 months,
and in 32 of 32 at 24 months. Mean percentages of overfilling (.100%) were 8.4% (n = 11) at 3 months, 9.2% (n = 13)
at 6 months, 7.3% (n = 13) at 12 months, and 7.8% (n = 9) at
24 months. At 6 and 24 months, 2 patients had a lesion fill
\67%, but at no time point was the lesion fill \50%.

Patient-Reported Outcomes
mean PC percentage in the cell mixture was 4.3% 6 2.5%
(n = 39). The PC isolation for 1 patient resulted in a very
high yield: 7.9 3 106 cells from 0.8 g of cartilage. The PC
percentage in the cell mixture for this patient was 33%.
By excluding that patient, the areal PC density in the
lesion was 0.41 6 0.25 3 106 per cm2 (n = 39).

Arthralgia was reported for 12 patients (30%), joint effusion for 7 (17.5%), and joint swelling for 5 (12.5%). Postoperative pain caused by the surgical procedure but not
related to the joint (eg, wound pain) was reported for 5
patients as well. Two patients (5%) reported a decreased
ROM of the operated knee. Arthrofibrosis was also
reported for 2 patients. Delamination of the scaffold in 1
patient and postoperative adhesions in another led to
removal of the scaffold at 4 and 20 months, respectively.

The mean scores for each KOOS subdomain mostly
improved from baseline at all follow-up times except for
the KOOS–Sport and Recreation score at 3 months after
surgery (Figure 3). The change from baseline remained
statistically significant (a = .05) from 6 months onward
for KOOS–Pain and KOOS–Activities of Daily Living,
from 12 months onward for KOOS–Symptoms and Stiffness and KOOS–Quality of Life, and from 18 months
onward for KOOS–Sport and Recreation.
The mean IKDC scores improved continuously from
baseline at all follow-up time points (Figure 4), with an
overall increase in the score of 23.38 at 24 months. The
change from baseline was statistically significant (a =
.05) at all follow-up time points from 12 to 24 months.
The mean visual analog scale pain score decreased from
baseline continuously at all follow-up time points (Figure
5). The change from baseline was statistically significant
(a = .05) at all follow-up time points.

Preliminary Efficacy Evaluation

Histological Assessment of Repair Tissue

The mean MRI-assessed percentage of lesion fill was 98.3%
6 3.7% at discharge (N = 40), 98.3% 6 10.2% at 3 months
(N = 40), 98.9% 6 13.1% at 6 months (n = 38), 101% 6 6.6%

Macroscopic ICRS repair assessment scores and grades4
were determined through second-look arthroscopy in 2
patients at 6 months, 23 at 12 months, and 2 at 24 months.

Safety Evaluation
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Pain

Δ = 18.60

20

Acvies of Daily Living Δ = 19.94
Sport & Recreaon
Δ = 25.29

10

Quality of Life

VAS Pain

KOOS

60

60
50
40
30
20

Δ = 22.35

10
0
Baseline

3-Month 6-Month
Follow-up Follow-up

12-Month
Follow-up

18-Month
Follow-up

24-Month
Follow-up

Figure 3. Mean KOOS (Knee injury and Osteoarthritis Outcome Score) by subdomain for each follow-up time point.
The D value is the KOOS increase from baseline to 24
months. The change from baseline was statistically significant from 6 months onward for Pain and Activities of Daily
Living, from 12 months onward for Symptoms & Stiffness
and Quality of Life, and from 18 months onward for Sport &
Recreation.
100
90
80

IKDC Score

70
60
50
40
30
20
10
0
Baseline 3 Months 6 Months

12 Months

18 Months

24 Months

Figure 4. International Knee Documentation Committee
(IKDC) knee function scores at follow-up time points. Minimum, first quartile, median, third quartile, and maximum
are represented from bottom to top of each box and whisker
plot. Diamonds represent means. The change from baseline
was statistically significant from 12 months onward.
The 2 patients at 6 months were assessed as grade I (normal). Of the 23 patients at 12 months, 5 were assessed as
grade I, 14 as grade II (nearly normal), 3 as grade III
(abnormal), and 1 as grade IV (severely abnormal). Both
patients at 24-month follow-up were assessed as grade II.
Osteochondral biopsy specimens (1-2 mm wide, 5 mm
deep) from the lesion area were collected from 31 patients:
2 at 6 months, 27 at 12 months, and 2 at 24 months. Histological scores of the 31 biopsy specimens are presented
in Table 2. In most biopsy specimens, .50% of the chondral
phase was composed of either fibrous tissue or ‘‘incompletely differentiated mesenchyme.’’ Surface regularity,
structural integrity, thickness, and basal integration

0
Baseline 3 Months 6 Months

12 Months

18 Months

24 Months

Figure 5. Visual analog scale (VAS) pain scores at follow-up
time points. Minimum, first quartile, median, third quartile,
and maximum are represented from bottom to top of each
box and whisker plot. Diamonds represent means. The
change from baseline was statistically significant from 3
months onward.

demonstrated predominantly a smooth and intact surface,
normal structural integrity, 100% thickness, and full basal
integration, respectively. The tidemark in all biopsy specimens was either absent or only slightly to moderately
formed. Subchondral bone abnormalities were noted in
most biopsy specimens. Cellularity was normal in all
biopsy specimens, and chondrocyte clustering was absent
in most biopsy specimens.
Repair tissue was considered hyaline-like when it was
positive for collagen type II, aggrecan, and sulphated glycosaminoglycans (safranin O stain); was negative for collagen type I; and caused no birefringency of polarized light
(which would indicate a more spatially organized arrangement of collagen fibers). Hyaline-like repair tissue was
found in 22 of the 31 biopsy specimens (71.0%). Of the 9
biopsy specimens negative for hyaline-like repair tissue,
6 (19.4%) were positive for fibrocartilage (ie, having round
cells with extracellular matrix between them and light positivity for collagen type II). The remaining 3 biopsy specimens (9.7%) were entirely composed of fibrous tissue.
Representative sections of the best- and worst-result
biopsy specimens, as well as an average-result biopsy specimen, are shown in Figure 6.

MRI Assessment of Repair Tissue
MRI scans were made at discharge from hospital and 3, 6,
12, and 24 months after surgery and were assessed by 2
readers independently, using the MOCART variables and
grades (Table 3). In general, reader 1 scored more conservatively than reader 2 on integration, surface, and structure of the repair tissue. Integration of the repair tissue
with the surrounding native tissue at the border zone
was scored mostly as either ‘‘complete’’ or ‘‘demarcating’’
by reader 1 and primarily as ‘‘complete’’ by reader 2.
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TABLE 2
Histological and Histochemical Characteristics of the
Repair Tissue in the Osteochondral Biopsy Specimensa
Variables and Grades
Predominant (.50% of area) tissue morphology
Fibrous tissue or bone
Incompletely differentiated mesenchyme
Hyaline-like cartilage
Safranin O stain
None
Slight
Moderate
Normal or nearly normal
Surface regularityb
Severely disrupted, including fibrillation
Fissures ranging between 25% and
100% of the thickness
Superficial horizontal lamination
Intact and smooth
Structural integrityc
Severely disintegrated
Slightly disrupted, included cysts
Normal
Thicknessc
0%-50% of normal cartilage
.50%-100% of normal cartilage
100% of normal cartilage
Basal integrationd
None
Partial
Full
Tidemark formationd
Visible interface absent
Slight to moderate calcification front
Single tidemark
Subchondral bone abnormalities / marrow fibrosisd
Irregular subchondral plate, fracture, sclerosis,
intense remodeling
No abnormalities
Abnormal calcifications
No ectopic changes
Yes
Hypocellularity
Severe
Moderate
Slight
Normal cellularity
Chondrocyte clustering
25%-100% of the cells
\25% of the cells
No clustering
Collagen type I staine
None
Slight
Moderate
Marked
Collagen type II stain
None
Slight
Moderate
Marked
Aggrecan stain
None
Slight
Moderate
Marked
Repair tissue contains hyaline-like cartilage
Yes
No

Specimens
Positive for Grade, n

14
15
2
13
7
7
4
1
0
2
22
5
0
25
2
1
27
0
1
28
17
12
0

7

TABLE 2
(continued)
Variables and Grades
Repair tissue contains fibrocartilage
Yes
No

Specimens
Positive for Grade, n

23
8

a
Of the 40 patients treated, 31 were available for a repair tissue biopsy
specimen. Variables and grades were based on the ICRS II24 and O’Driscoll
grading scales.30
b
Not assessed for 6 biopsy specimens.
c
Not assessed for 1 biopsy specimen because of presumed incompleteness
of sections.
d
Not assessed for 2 biopsy specimens because of missing bone phase in
sections.
e
Not performed for 2 biopsy specimens.

Surface of the repair tissue was scored mostly as
either ‘‘intact’’ or ‘‘damaged \50% of depth’’ by reader 1;
reader 2 scored this variable predominantly as ‘‘intact.’’
Structure of the repair tissue shifted from ‘‘homogeneous’’
to ‘‘inhomogeneous’’ by reader 1; the ratio between the
grades was fairly constant in reader 2’s assessment. Both
readers assessed the repair tissue’s signal intensity as
improving over the 24 months, on dual T2 fast spin echo
and 3-dimensional gradient echo fat suppression images.
The subchondral lamina was never seen intact. The subchondral bone was scored as ‘‘intact’’ with increasing
incidence over the 24 months; adhesions were mostly
absent; and the incidence of effusion was scored to
decrease over time, according to both readers.

25
4
30
1
0
0
0
31
3
7
21
1
3
15
10
4
13
11
3
3
16
12
0
22
9

(continued)

Health-Economic Assessment
The mean intraoperative time was approximately 3 hours
(184 6 31 minutes; N = 40). The mean time to full weightbearing was 49 6 18 days (n = 35), and the mean time to
full ROM was 62 6 20 days (n = 17).

DISCUSSION
This study is the first to assess the safety and preliminary
efficacy of a single surgical treatment for focal knee cartilage lesions with autologous PCs and bone marrow
MNCs seeded into a load-bearing scaffold. The patientreported symptom, function, and quality-of-life scores
from the self-administered KOOS, IKDC, and visual
analog scale pain scales improved clinically and statistically significantly over the 24 months after the surgery.
Although the 2-year follow-up values were not those of
a normal healthy knee, the improvements in the patientreported outcome measures are on par with those
reported for matrix-associated ACI at 2 years after surgery.7,22,34,39,46 The load-bearing PolyActive scaffold, in
combination with the PC 1 MNC cell mixture, received
its CE marking in 2012 based on the results of this study
and may be marketed in the European Economic Area
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Figure 6. Microphotographs of representative sections of the osteochondral biopsy specimens: best result (left column), average
result (middle column), and worst result (right column). All 3 were taken at 12 months after surgery. Width of the biopsy specimens
is approximately 1.3 mm. In each photo, the subchondral bone phase is directed to the lower left, and the chondral phase is
directed to the upper right. The chondral phase of the average biopsy specimen is bent. Encapsulated PolyActive remnants
can be seen in large lacunae of fibrous tissue in the chondral phase of the biopsy specimens. The safranin O stain colors sulphated glycosaminoglycans (sGAGs) dark red in the deep zone of the chondral phase in the best and average biopsy specimens but
not in the worst. Lacunae can be seen within this red-stained hyaline tissue. The brown immunohistochemical stain of collagen
type I is mostly negative in the best biopsy specimen but moderate in the average and worst biopsy specimens—with some nonspecific general staining of the average biopsy specimen. The immunohistochemical stain of collagen type II, also brown, is markedly present in the safranin O–positive areas of the best and average biopsy specimens but absent in the worst biopsy.
without restrictions. Independent use of the cell-isolation
service15 is performed under the supervision of the attending surgeon and is regarded as any other intraoperative
collection and reimplantation of autologous tissues or cells
that are performed fully within the operating room (OR).
This therapy is currently offered only within the European
Union.
The treatment is safe. The nature, frequency, and severity of reported adverse events are comparable with those
reported for ACI and microfracture.11,34,35,40,45 The subchondral placement of the 5 mm–thick scaffold resulted
in a frequent but anticipated incidence of bone anomalies.
However, the MOCART assessments suggested subchondral bone repair over time. Two patients were withdrawn
from the study: one for delamination of the implanted scaffold and the other for mobility-restricting adhesions. The

patient with delamination had previous failed mosaicplasty, and as a result, previous failed mosaicplasty was
added as a contraindication for the treatment. The other
patient developed adhesions that did not respond to a closed
manipulation of the knee and remained symptomatic at 12
months. This patient underwent a biopsy at 12 months,
and the implant was removed at 20 months. Although the
biopsy specimen contained fibrous tissue only, the removed
implant in its entirety did contain hyaline cartilage.
Defect filling and the nature of the repair tissue are considered particularly important for the long-term outcome
of cartilage repair treatments.31,35 In the current study,
we found sustained lesion filling in nearly all patients at
all time points from discharge to the final follow-up at 24
months. Hyaline neocartilage was found in 22 of the 31
biopsy specimens available. Structural evaluation of the
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TABLE 3
Scores of the MOCART Variables by Readers 1 and 2a
Discharge
Variables and Grades
Border zone integration
Complete
Incomplete
Demarcating border
Defect \50% of length
Defect 50% of length
Surface of repair tissue
Intact
Damaged
\50% of depth
50% of depth
Structure of repair tissue
Homogeneous
Inhomogeneous
Signal intensity of repair tissue
Dual T2-FSE
Isointense
Moderately hyperintense
Markedly hyperintense
3D-GE-FS
Isointense
Moderately hypointense
Markedly hypointense
Subchondral lamina
Intact
Not intact
Subchondral bone
Intact
Edema, GT, cysts, sclerosis
Adhesions
No
Yes
Effusion
No
Yes

3 mo

6 mo

12 mo

24 mo

1

2

1

2

1

2

1

2

1

2

31 / 37

35 / 39

29 / 38

38 / 40

22 / 38

35 / 38

20 / 37

34 / 37

18 / 32

31 / 31

6 / 37
0 / 37
0 / 37

4 / 39
0 / 39
0 / 39

7 / 38
1 / 38
1 / 38

2 / 40
0 / 40
0 / 40

12 / 38
3 / 38
1 / 38

3 / 38
0 / 38
0 / 38

17 / 37
0 / 37
0 / 37

2 / 37
1 / 37
0 / 37

13 / 32
1 / 32
0 / 32

0 / 31
0 / 31
0 / 31

27 / 37

29 / 39

18 / 38

28 / 40

14 / 38

28 / 38

18 / 37

30 / 37

15 / 32

24 / 31

10 / 37
0 / 37

9 / 39
1 / 39

16 / 38
4 / 38

12 / 40
0 / 40

21 / 38
3 / 38

10 / 38
0 / 38

18 / 37
1 / 37

7 / 37
0 / 37

15 / 32
2 / 32

6 / 31
1 / 31

27 / 37
10 / 37

17 / 39
22 / 39

25 / 38
13 / 38

18 / 40
22 / 40

20 / 38
18 / 38

25 / 38
13 / 38

11 / 37
26 / 37

22 / 36
14 / 36

7 / 32
25 / 32

19 / 31
12 / 31

8 / 37
29 / 37
0 / 37

0 / 39
0 / 39
39 / 39

12 / 38
26 / 38
0 / 38

0 / 40
4 / 40
36 / 40

9 / 37
28 / 37
0 / 37

0 / 38
19 / 38
19 / 38

14 / 37
22 / 37
1 / 37

6 / 36
23 / 36
7 / 36

16 / 32
15 / 32
1 / 32

12 / 31
15 / 31
4 / 31

6 / 17
10 / 17
1 / 17

0 / 39
0 / 39
39 / 39

12 / 22
10 / 22
0 / 22

0 / 40
4 / 40
36 / 40

25 / 36
11 / 36
0 / 36

0 / 38
19 / 38
19 / 38

26 / 35
8 / 35
1 / 35

6 / 36
23 / 36
7 / 36

18 / 21
3 / 21
0 / 21

12 / 31
15 / 31
4 / 31

0 / 38
38 / 38

0 / 39
39 / 39

0 / 39
39 / 39

0 / 40
40 / 40

0 / 38
38 / 38

0 / 38
38 / 38

0 / 37
37 / 37

0 / 36
36 / 36

0 / 32
32 / 32

0 / 31
31 / 31

3 / 38
35 / 38

1 / 39
38 / 39

2 / 39
37 / 39

3 / 40
37 / 40

12 / 38
26 / 38

9 / 38
29 / 38

16 / 37
21 / 37

12 / 36
24 / 36

23 / 32
9 / 32

14 / 31
17 / 31

36 / 37
1 / 37

38 / 39
1 / 39

36 / 38
2 / 38

39 / 40
1 / 40

36 / 38
2 / 38

38 / 38
0 / 38

37 / 37
0 / 37

36 / 36
0 / 36

31 / 32
1 / 32

31 / 31
0 / 31

0 / 40
40 / 40

4 / 39
35 / 39

8 / 40
32 / 40

13 / 40
27 / 40

22 / 38
16 / 38

21 / 38
17 / 38

20 / 37
17 / 37

22 / 36
14 / 36

28 / 32
4 / 32

26 / 31
5 / 31

a
Values are the number of patients with that grade / total number of patients evaluated by that reader for that time point. Readers 1
and 2 scored independently; there was no adjudication of scoring. Some MRI scans were initially unavailable to reader 1 and therefore scored
only by reader 2. Incidentally, an MRI scan was not scored by reader 2 because of missing sections. Grades of the MOCART variable ‘‘Degree
of defect fill’’ are listed as percentages over time in Figure 2. 3D, 3-dimensional; FS, fat suppression; FSE, fast spin echo; GE, gradient echo;
GT, granulation tissue; MOCART, magnetic resonance observation of cartilage repair tissue; MRI, magnetic resonance imaging.

repair tissue by MOCART, macroscopic scoring at secondlook arthroscopies, and histological evaluation of biopsy
specimens supported these findings. The sustained lesion
filling indicated that the generation of repair tissue was
in concert with the degradation of the scaffold material,
a process that takes place mostly within the first year after
implantation.19
Our results are comparable with those of the 35-person
single-stage chondron-based trial by de Windt et al,11
although their histological results appeared better at 12
months. They used primary autologous chondrons instead
of chondrocytes and cultured allogenic mesenchymal stromal cells instead of primary autologous bone marrow

MNCs. Furthermore, their cell-carrying material was
a fibrin glue instead of the PolyActive scaffold that we
used. The osteochondral placement of the latter in our
study may be the prime cause of the different histological
findings, as intrusion of marrow cells into the lesion may
not have been avoided, despite sealing off the bottom of
the scaffold with fibrin glue. The approximate areal density of the deployed chondrons in the de Windt et al study
varied between 0.14 and 0.36 million chondrons/cm2; in
our study, the average areal density was 0.41 million chondrocytes/cm2. However, like de Windt et al, we found no
correlation between areal chondrocyte density and histological or other results (results not shown). The presence
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of the pericellular matrix around chondrocytes possibly
increases their chondrogenicity after treatment, but more
clinical research and results are needed.
The chondrocyte fast-isolation protocol enables implantation of primary autologous chondrocytes, circumventing
the need for chondrogenic in vitro cultured expansion or
redifferentiation.37 Supplementing the chondrocytes with
bone marrow MNCs ensures a minimum cell density in
the lesion and benefits from coculture-induced increased
chondrogenic potential.9,44 The adult stem cells from the
MNC fraction of the aspirate likely do not differentiate
into new chondrocytes11 but have immunosuppressive
and trophic effects on the chondrocytes6 that allow for
increased regenerative potential before the MNC fraction
disappears. The chondrocytes that we used originated
from an unaffected low–load bearing region of the knee
cartilage and the debrided cartilage. Using chondrocytes
from debrided lesion rim cartilage is not necessarily unadvisable: although individual variation plays a role,20 the
quality of the cartilage produced by chondrocytes from
even osteoarthritic cartilage is equal to that of cartilage
produced by chondrocytes from healthy cartilage.8 Taken
together, the direct reuse of terminally differentiated chondrocytes collected from debridement cartilage within the
OR, supplemented with more easily obtainable MNCs,
appears to be a very promising strategy.
The case series presented here has several limitations.
First, the osteochondral biopsy specimen set and the MRI
set were not complete because of the unavailability of
patients. In addition, some MRI scans were scored only
by the second reader and others only by the first reader.
Second, an osteochondral defect had to be created in
mini-open surgery to place the 5 mm–thick PolyActive
scaffold. The strategy ensured a safely fixed scaffold (press
fit in bone) but lowered the MOCART scores, in particular
those for the subchondral lamina, which was never seen
intact. A thinner scaffold of, for example, 2-mm thickness,
still mimicking the mechanical properties of cartilage,
would avoid damage to the subchondral bone. Alternatively, any commercially available chondrosupportive and
cell-carrying scaffold could be used in combination with
the intraoperative isolation of autologous chondrocytes
and bone marrow MNCs. Ideally, such a scaffold is weightbearing so that loading of the scaffold-filled lesion may
take place as soon as the patient is treated. Mechanical
loading may benefit the chondrogenic capacity of chondrocytes inside the scaffold as it does so in vitro.12,41 Another
limitation of the treatment presented is that the OR time is
relatively long as compared with, for example, a procedure
such as microfracture. This was in part caused by the new
character of within-OR tissue processing to which the technician and OR personnel needed to get accustomed. After
several procedures with the same surgeon and OR team,
the surgery time tended to decrease. Currently, the tissue
processing, cell isolation, counting, and mixing handlings
take up to 75 to 85 minutes after collection of the cartilage
pieces. Despite the OR time, the procedure costs less than
2-stage ACI and may have health-economic advantages
over it.10,27 Further investigation of comparative health
economics is needed.

The American Journal of Sports Medicine

CONCLUSION
The treatment of knee cartilage lesions with autologous
PCs and bone marrow MNCs, both isolated and seeded
into a PolyActive scaffold within a single surgical intervention, appears safe and clinically effective. Sustained lesion
fill and sustained clinically important and statistically
significant improvement of all patient-reported outcome
scores were found throughout the 24-month study. Hyaline-like cartilage was generated in at least 22 of the 40
patients. The overall safety profile of this therapy was in
line with other cartilage repair techniques and considered
acceptable when balanced against the expected clinical
benefit.
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