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Abstract
Purpose: To investigate the clinical, radiological, and histological results of type I collagen-based matrix-
assisted autologous chondrocyte transplantation (MACT) in the treatment of chondral lesions of the
knee.

Methods: The study prospectively enrolled 20 patients with symptomatic knee chondral defects (mean
size defect was 2.41±0.43 cm2, range 2.0 to 3.4 cm2) in the lateral femoral condyle and femoral groove
who underwent type I collagen-based MACT between July 2017 and July 2019. KOOS was assessed
preoperatively, with periodic clinical follow-up performed preoperatively and then every 3 months for up to
12 months postoperative period, and thereafter at 1-year intervals. During this follow-up, serial magnetic
resonance imaging T2 mapping of repair cartilage was used to re�ect the quantitative analysis quality of
the regenerative cartilage. In one patient, second-look arthroscopy was performed at 12 months after
implantation to assess the characteristics of cartilage regeneration.

Results: Compared with preoperation, the score of the pain, symptoms, activities of daily living, sports
and recreation, and quality of life showed statistically signi�cant improvement with a signi�cant
difference at 3, 6, 12, and 24 months after operation(P<0.05). The difference in KOOS subscales scores
between every two-time point was statistically signi�cant (P<0.001). HE stains showed the newly formed
cartilage was naive chondrocytes. Safranin O-fast green stain manifested in the regenerated tissue
comprising predominantly �broblast-like cells surrounded by glycosaminoglycans.
Immunohistochemistry analysis showed that the expression of collagen type II was more clearly and
evenly distributed than collagen type I.

Conclusion: Type I collagen-based MACT was a clinically effective treatment for functional and pain level
improvement, and this method presented histologic evidence of inducing hyaline‐like cartilage in cartilage
lesions by biopsy in one case. The quantitative MRI T2-mapping test showed that there was a difference
between the transplanted cartilage and the surrounding hyaline cartilage.

Introduction
Hyaline cartilage has a unique capacity to cope with pressure transformations, and it is thus vital to the
proper function of the musculoskeletal system. Unfortunately, its lesions rarely heal spontaneously
because of avascular and aneural surroundings limiting the healing capacity[1]. Patients with
symptomatic lesions will often endure long-standing activity-related knee pain and swelling. It has
introduced several methods to treat high-grade cartilage defects in young active patients comprising
microfracture, osteochondral autograft transfer, or mosaicplasty, and osteochondral allograft [2]. None of
the above methods can completely regenerate cartilage with good biological functions[3–5].

The most promising method to make a breakthrough in the limited intrinsic healing potential of articular
hyaline cartilage is autologous chondrocyte implantation (ACI)[6]. If chondrocytes are applied onto the
damaged area in combination with a membrane, such as the tibial periosteum or biomembrane, or
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preseeded in a scaffold matrix, this technique is called ACI. First-generation ACI contains the cultured
chondrocyte solution within the lesion site with a periosteum �ap. Due to using the autologous
periosteum �ap derived from a separate tibial incision, this method can lead to a longer operation time
and potential graft hypertrophy[2, 7, 8]. Second-generation ACI method, which relies on the use of
collagen membranes, has demonstrated more advanced regenerative potential[8]. Furthermore, concerns
mount over the uneven distribution of chondrocytes within the lesion and the potential risks of cell
leakage, and these problems are still unresolved. Since the monolayer expansion chondrocyte leads to
the hindered reconstruction of the cartilage-speci�c matrix, autologous cell-based cartilage therapies are
challenged by chondrocyte dedifferentiation [9]. As we already know, that cell-to-cell contact promotes
chondrogenic differentiation, and three-dimensional culturing can be used to induce redifferentiation of
monolayer-expanded autologous chondrocytes[10]. Third-generation ACI is known as a matrix-associated
ACI (MACI), and the three-dimensional cell culture is more capable of mimicking the microenvironment of
cell growth in vivo[11].

Based on the preclinical studies, we reported the initial description of the effects of using three-
dimensional type I collagen combined with autologous chondrocytes to treat cartilage lesions as the
primary outcome, and we investigated the e�cacy of such procedures by the morphologic quality of the
repair tissue with magnetic resonance imaging (MRI) and histologic analyses of the repair tissue as
secondary outcomes.

Methods

Study Design and Patients
An observational study limited to 20 cases (8 females and 12 males) was approved by the Science and
Technology Committee of Shanghai and performed at the hospital between July 2017 and July 2019.
Twenty patients aged 20 to 50 years (mean age 40.05 ± 8.03) were enrolled with isolated full-thickness
cartilage defects of the knee (measuring more than 2 cm in diameter, mean size 2.41 ± 0.43, ICRS grade III
or IV, 10 Groove and 10 lateral femoral condyles). The inclusion and exclusion criteria for patient
selection were detailed in Table 1.
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Table 1
Inclusion and Exclusion Criteria

Inclusion Criteria Exclusion Criteria

Traumatic cartilage injury (ICRS grade III or more,
measuring more than 2 cm in diameter)

The presence of an active infection or
in�ammatory disease such as rheumatoid
arthritis

High-grade femoral condylar cartilage lesions
with or without shallow subchondral bone
involvement

Patient unable or unwilling to comply with the
long rehabilitation process/activity restrictions
recovery

Recalcitrant with more than 6 months of
conservative care

Unaddressed causes of increased loading
(knee coronal alignment, meniscal de�ciency,
ligamentous laxity, patellar maltracking)

A size of less than 10 cm2 for a single lesion or 15
cm2 for multiple lesions with a relatively intact
neighboring cartilage (ICRS grade I and II)

Obesity (de�ned as BMI > 35 kg/m2)

Desire to return to sports or high-impact activities More than 50% joint space narrowing on
weight-bearing radiographs

Younger age, 20–50 y  

ICRS-International Cartilage Regeneration & Joint Preservation Society; BMI-Body Mass Index

The current study was designed per the Declaration of Helsinki, and it was approved by the institutional
review board of the Hospital (Approval number: 2018-024-021). Informed consent was obtained from all
patients before enrolling in this study.

Procedures
The current type I collagen-based matrix-assisted autologous chondrocyte transplantation (MACT),
known as MACI, consisted of isolating the chondrocytes in the �rst operation, the expansion for two
weeks in vitro, cell preseed in a matrix, and the transplantation in a second surgical procedure[12].

About 150 to 200 mL of whole blood was taken from the patient for the cultivation of the implant before
general anesthesia. We performed an initial arthroscopic procedure of the knee to determine the location
and size of the lesion, as well as the consistency or �rmness of the adjacent articular cartilage and the
integrity of the menisci or ligaments. The cartilage biopsy specimen providing seed cells was harvested
from a non-weight-bearing area of the knee using a Jamshidi needle biopsy guided by an arthroscope.
The specimen was immediately placed in a buffered serum-free medium and then was delivered to the
laboratory with hypothermic preservation at 2 to 10 degrees celsius. In the laboratory, chondrocytes were
isolated from the cartilage biopsy specimen by collagenase digestion for 16 to 24 hours and obtained by
density gradient centrifugation, and the obtained cell number and viability were assessed subsequently.
Furthermore, the sample was preserved at 2–10℃ to test quality for 2 months. Chondrocytes were
suspended in a double-buffering HEPES solution, and this was gently mixed with type I collagen (6
mg/mL) from rat tails in equal parts to obtain a �nal concentration of type I collagen (3 mg/mL). The
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collagen-chondrocyte mixture was allowed to polymerize at 37 degrees celsius in a humidi�ed
atmosphere. Each implant was made into two samples with a diameter of 30 to 40 mm and two times
the height (4 to 6 mm) of the articular cartilage (2 to 4 mm) in the lesion area. The chondrocyte-seeded
implants were cultured in autologous serum for a period of 10 to 14 days (37 degrees celsius, 5% CO2),
and the medium changes were carried out every 3–4 days by replacing 80 mL of medium per well. Then,
it was converted to the hospital within 24 hours. Before shipment, quality control of each implant had to
meet de�ned requirements such as cell viability higher than 80% with CellCoutigKit-8(WST-8 / CCK8) or
�ow cytometry, cell count more than 3*104 measured by a grid-counting method, aseptic negative
quali�ed by detecting mycoplasma with Real-Time Reverse Transcriptase PCR (RT-PCR) utilizing PCR
Mycoplasma Test Kit (Applichem), and DNA electrophoresis employed to detect the expression of type II
collagen.

Approximately 2 weeks later, a second operation was required, in which the cultured chondrocytes were
reimplanted into the cartilage lesion, and they proliferated to produce a durable load-bearing regenerative
tissue over time[13, 14]. The operative procedure was performed following intravenous antibiotics and
exsanguination of the lower extremity using a tourniquet. On the basis of the location of the defect, a
medial or lateral parapatellar mini-open arthrotomy was applied to access the lesion area. Chondral
lesions were debrided down to the subchondral bone, and the edges of the lesion were trimmed using a
sharp metal punch. The implants were prepared through a metal punch 2 mm wider than the
corresponding punch utilized for trimming the cartilage defect. The basal part of the cartilage lesion was
coated with a Porcine Fibrin Sealant Kit (Bioseal Biotech) with a speci�c metal spatula, as well as around
the implant before it was transferred into the lesion. Because of the ability of the hydrogel to release more
than 50% of its water content, the implant was fabricated twice the height of the defect and could easily
be adapted to the individual shape of the cartilage lesion. In cases of osteochondral lesions, the
subchondral bone was augmented with autologous cancellous bone harvested from the tibial head.
Alternatively, autologous bone cylinders from the iliac crest were used to reconstruct the subchondral
plate.

Outcome Measures
All patients were assessed, on a postoperative day 1, then 1, 3, 6, 12, and 24 months postoperatively, by
the general condition and the knee surgical site such as pain, swelling, skin features, and infection.
Furthermore, leukocyte counts, erythrocyte sedimentation rate, and serum levels of c-reactive protein were
assessed on postoperative days 1 and 3, and then 1, 3, 6, 12, and 24 months postoperatively to monitor
in�ammatory responses.

Knee injury and Osteoarthritis Outcome Score (KOOS) was assessed preoperatively and then at 3, 6, 12,
and 24 months postoperatively. The morphologic and compositional characteristics of the repair site for
all patients were assessed. MRI was taken on all patients on a 3.0-T MR scanner to investigate
conventional images and T2 mapping of the repaired tissues preoperatively and then at 3, 6,12, and 24
months postoperatively. T2 mapping was obtained for all patients, and the T2 values for the repaired



Page 6/18

tissue were measured at each time point. A second-look arthroscopy for one patient was performed at 12
months, and a 4-mm-diameter needle biopsy was taken from the center of the repair site with patient
informed consent. The indication for a second-look arthroscopy was given by arthro�brosis or meniscus
lesions. This procedure was performed after the MRI examination to avoid potential in�uence on the MRI
assessment. The morphology of the chondrocytes, the distribution of cells, and ECM synthesis were
further studied by Hematoxylin and eosin (HE) stain and Safranin O-fast green (S-O) [15], and Sections of
biopsy specimens were stained with immunohistochemical (IHC) to verify the existence of the Collagen
Type I and Collagen Type II.

Rehabilitation Program
For the isolated femoral lesion, the knee joint was immobilized for 72 hours in a brace locked at 10
degrees of �exion after the operation. Knee �exion was limited to 30 degrees during the �rst 3 weeks and
to 60 degrees for another 3 weeks, with partial weight-bearing for 12 weeks consisting of 15 kg for 6
weeks and 30 kg for the following 6 weeks. Nonweightbearing was encouraged for at least 6 weeks
during the reconstruction of the subchondral bone that was performed. We also recommended assisted
physical therapy and bicycle training after 6 weeks, and training for enhanced muscle formation started
after 12 weeks. In all cases, continuous passive motion (CPM) was recommended for 6 weeks. Physical
activity, such as noncontact sports activities, swimming, and biking, was allowed after 6 months. More
competitive activity loads, containing soccer, track, and �eld athletics, were allowed 12 months after the
operation.

STATISTICAL ANALYSIS
We assessed changes in clinical scores and radiologically measured cartilage properties at different
follow-up times by one-way ANOVA, and the results obtained preoperatively and at each follow-up were
compared. Data were analyzed with SPSS23.0 and Prism 8 software with a signi�cance set at P < 0.05.

Results

Adverse Events
No serious clinical adverse events were observed up to 24 months after MACT (Table 2). Joint pain,
effusion, and swelling were observed in the early stages after the operation, and 8 weeks completely
improved all symptoms. No postoperative infections were observed up to 24 months after the operation
for any patient.
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Table 2
Adverse Events

  Patients: n Time Point: wk

Joint pain 4 < 4

Joint effusion 0 —

Joint swelling 2 < 8

Joint stiffness 0 —

Infection at the surgical site 0 —

There are no serious adverse events among the 20 patients (ie, new cartilage lesion in the affected knee,
or failure at implanted sites).

KOOS Score
Although somewhat variable among cases, it signi�cantly improved all subcategories of KOOS by 24
months (Fig. 1). For KOOS subscales,compared with the preoperation,the KOOS pain(28.47 ± 21.09 vs
57.08 ± 15.73, 69.17 ± 14.97, 80.42 ± 7.67, 89.86 ± 4.96, F = 56.76, p < 0.05), symptoms (33.39 ± 18.26 vs
48.93 ± 15.42, 63.57 ± 10.59, 71.61 ± 7.09, 84.29 ± 5.95, F = 50.95, p < 0.001), activities of daily living
(76.32 ± 6.16 vs 81.54 ± 3.98,86. 10 ± 3.00,89.05 ± 2.41, 94.63 ± 2.09, F = 67.24, p < 0.05), Sports&Rec
(34.00 ± 12.31 vs 42.00 ± 14.46, 54.00 ± 14.38, 66.50 ± 10.89, 83.50 ± 5.87, F = 53.80, p < 0.05), and quality
of life (23.13 ± 12.52 vs 39.69 ± 13.64, 51.24 ± 13.09, 62.19 ± 12.08, 73.44 ± 10.31, F = 49.84, p < 0.05)
showed signi�cant improvement at 3, 6, 12 and 24 months after operation, and the difference in scores
between every two-time point was statistically signi�cant (P < 0.001).

MRI
In accordance with MRI assessment, cartilage lesions were �lled with newly generated tissue over time,
and the lesion �lling rate reached 100% coverage without detectable hypertrophy of the repaired tissue by
24 months for all patients. Some subchondral bone edema was observed around the implantation sites
at 3 and 6months postoperatively, but such abnormal signals disappeared by 24 months in all cases.

The MRI demonstrated that the vast majority of the cartilage defect was �lled and regenerated at 3
months after the operation, but the integration with the surrounding cartilage was not complete, and it
signi�cantly reduced the signal intensity of the repaired tissue. Compared with the results in the third
month, the MRI revealed that integrating the implanted cartilage and the surrounding cartilage had made
signi�cant progress at 6 months after the operation, most of them reaching the level of complete
integration, and it signi�cantly reduced the signal of the repaired tissue, but the subchondral bone had
not yet satisfactorily. At 12 and 24 months after the operation, all indicators, as well as the subchondral
bone, had returned to near-normal levels. During the recovery period, the lesion site was completely
repaired and integrated with the surrounding cartilage, and the signal intensity of the repaired tissue was
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similar to that of the surrounding tissue and the subchondral bone (Fig. 2). The MACT applied to
regenerate cartilage could quickly �ll and repair the injured cartilage. It was completely integrated with the
surrounding cartilage in half a year, and the repaired tissue reached the same signal intensity as the
surrounding cartilage at 12 months after the operation.

At different time points, the MOCART score increased statistically signi�cantly from 50.50 ± 6.67 at 3
months, to 77.00 ± 13.42 at 6 months, to 88.00 ± 6.37 at 12 months, and to 92.80 ± 4.98 at 24 months,
and then between every two-time point was statistically signi�cant (F = 98.723, P < 0.001) except for the
12months and 24months (Fig. 3).

MRI T2mapping
T2 mapping revealed that implanted chondral lesions were becoming similar, in intensity, to the
surrounding cartilage over time (Fig. 4). At different time points, the T2 values decreased statistically
signi�cantly from 95.05 ± 5.61 preoperatively to 85.40 ± 5.33 at 3 months, to 78.05 ± 3.80 at 6 months, to
41.85 ± 4.16 at 12 months, and to 34.85 ± 2.01 at 24 months. The T2 values for the repaired tissue
gradually decreased to approach near normal values eventually (P < 0.05), and the between every two-
time point was statistically signi�cant (F = 976.11, P < 0.001). Moreover, there was still a difference
between the implanted cartilage and the surrounding normal hyaline cartilage (T2 values approximately
29.80 ± 2.12 ms) ( Fig. 4).

Second-look
The repaired tissue was arthroscopically con�rmed presentation of the covering of implanted defects
comprising cartilaginous tissue with good tissue integration with adjacent cartilage in one case at 12
months after the operation, in which its indication for a second-look arthroscopy was given by
arthro�brosis or meniscus-lesions (Fig. 5).

Histologic evaluation
Moreover, no complication was observed in the repaired tissue in other cases. Different characteristics of
the osteochondral junction in normal and repair cartilage were revealed by HE and S-O stain. Histology of
the biopsy specimens showed repaired tissue with cartilaginous tissue exhibiting positive S-O in one case
and provided the best distinction between red- or pink-stained sulfated glycosaminoglycans and green-
stained subchondral bone. The detailed observation showed that the super�cial zone of the repaired
tissue contained predominantly spindle-shaped �broblast-like cells. By contrast, the majority of the
deeper repair matrix in all the cases showed positive staining with safranin O-fast green and contained
round-shaped cells in the lacuna, which suggested that the repaired tissue especially with regard to a
hyaline cartilage-like matrix. Furthermore, the interface between the repair cartilage and subchondral bone
exhibited a normal osteochondral junction. Thus, a zonal structure for the repair cartilage was con�rmed
in one of the cases. In contrast, as shown in the HE stain, the newly formed cartilage was naive
chondrocytes in the shape of the round or oval, and the tidemark separating the cartilage and
subchondral bone cannot be identi�ed well in newly regenerated tissue. Given mature chondrocytes
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looking �attered relative to more basal zones in the super�cial area and more spheroidal in the
transitional or middle zone[16], HE stains demonstrated oval or round-shaped cells with the phenotypic
characteristics of native chondrocytes, while S-O stain readily discriminates cartilage from the fast green-
stained bone, indicating that the cells were surrounded by sulfated proteoglycan-rich ECM typical of
cartilage. Sections were immunostained for collagen type II and collagen type I, and observed by
microscopy, and immunohistochemistry staining revealed type II collagen deposition on all type I
scaffolds and minimal staining for type I collagen suggesting that this technology generated hyaline
cartilage (Fig. 6).

 

Discussion
In this study, the e�cacy of type I collagen-based MACT to mediate regenerative cartilage repair was
demonstrated in a prospective clinical study with a 2-year follow-up. Positive clinical and morphologic
outcomes were consistently evident across all 20 patients involved without any signi�cant adverse
events.

In the current study, the Knee injury and Osteoarthritis Outcome Score (KOOS) was used as the primary
outcome. All �ve domains improved equally in all cases, and this improvement was sustained within the
2-year follow-up. The sports and recreation and quality were somewhat lower than for the other sections.
This might be related to the fearful psychological factors after cartilage mechanical initial damage. Due
to concerns regarding reinjury, patients felt hesitant to participate in the active exercise on a regular basis
or other recommended moderate physical activity to facilitate rehabilitation after an operation, and this
suggested that the doctor needed to supply the appropriate psychological counseling according to the
psychological characteristics of patients to promote patients to recover to health earlier. However, this
operation has achieved satisfactory results in patients in the second year after the operation. Our study
showed good clinical e�cacy with a large number of cartilage-like tissues �lling the lesion, and this had
also been evaluated in several studies. In a prospective clinical following 31 patients with MACI for 5
years, Ebert JR et al. [17] found good clinical outcomes, and all grafts were preserved on follow-up MRI
except for two graft failure cases due to the complications. Moreover, Barié et al.[18] aimed to establish
whether MACI or the second-generation ACI provided superior long-term outcomes in terms of patient
satisfaction, clinical assessment, and MRI evaluation by following up 16 patients for an average of 9.6
years in a randomized clinical trial, and this study suggested that MACI method was equally effective
treatments for isolated full-thickness articular cartilage lesions. The current study was different from the
above-mentioned studies in that it had a shorter follow-up time of 24 months, and that the entire
procedure was performed using the mini-open parapatellar arthrotomy. In parallel, arthroscopic
exploration of nascent tissue formation was speculated to be the immature cartilage tissue accounting
for the regenerated cartilage presenting with generalized tissue fragility, and the regenerated cartilage and
subchondral bone were not fully integrated. This was consistent with the results of the quantitative MRI
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T2-mapping according to the T2 values, which were still more than the surrounding cartilage. At the
moment, we could only speculate that the postoperative recovery phase was more than 24 months.

Several reports involved another technique for MACI just as in the current study. Yoon et al.[19], in a
prospective study, enrolling ten patients undergoing arthroscopic gel-type autologous chondrocyte
implantation (GACI), manifested that GACI produced satisfactory clinical, radiologic, and histologic
evaluation, which con�rmed su�cient regeneration of hyaline-like cartilage that correlated improved
symptoms. Since the GACI was infused in liquid form, it was applied to the dependent position of the
lesion regardless of its geometry, and the implant could then spread by itself over the lesion site. Perhaps
it could be a considerably simpler technique than other arthroscopic MACI methods. However, it required
meticulous bleeding control for clear visualization of the lesion during the application of chondrocytes by
using a suction syringe and cotton bud. The amount of handling and manipulation of the implant to
prepare it for an arthroscopic procedure might lead to additional chondrocyte cell apoptosis[20]. The
GACI was the lack of �xation causing the graft to fall off, and cell leakage and chondrocyte distribution
were still an issue. On the contrary, because the implant in the current study was treated with a solid
scaffold made of a kind of non-�owing gel, it was �xed in place with �brin glue and no membrane cover,
and MACT was performed as a mini- arthrotomy procedure for reimplantation. Furthermore, as the cases
in this study, a small cadaveric study demonstrated that 16 times more viable cells remained on the
membrane scaffold after implantation when the procedure was performed via a mini-open arthrotomy
compared with arthroscopically[20].

MRI was widely performed to evaluate the quality of the repair cartilage while avoiding the potential
sampling bias accompanying tissue biopsy, and its results con�rmed the lesion �lling with homogeneous
tissue and a high integration ratio[21, 22]. The quantitative MRI was claimed to be currently the best tool
to assess repair quality after implantation and before operation. However, the ability of quantitative T2
mapping was still in dispute, referring to providing a su�ciently detailed structural evaluation of
regenerated cartilage considering the somewhat limited resolution of the currently available imaging
technology[23]. Our results for MRI T2 mapping could not detect the morphologic differences between the
super�cial and mid to deep zone of the repaired tissue, and that could be detected from the histologic
elevation. Thus, although invasive, the histologic assessment was likely still the most reliable method for
detailed structural quality evaluation of cartilage repair.

Histologic evaluation was performed on one of the twenty patients at 12 months after the
transplantation. Evaluation of the distribution of type II collagen showed hyaline-like cartilage in one
patient who underwent second-look arthroscopy with biopsy. Similarly, Enea et al.[20] found hyaline
cartilage, or a mixture of hyaline–�brocartilage in 9 of 33 cases at a mean of 15 months after MACI.
David et al. [6] revealed excellent histological results regarding the regeneration of hyaline articular
cartilage in all patients. Although the current study included a smaller number of cases and follow-up
time than these previous studies, its outcome was still comparable. Moreover, direct comparisons
between the �ndings of the current study and these previous series may not be feasible, due to variations
among studies in their patient demographics, follow-up duration, cell handling techniques, and histologic
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grading systems. Alternatively, one biopsy showed an intensive expression of collagen II in the super�cial
zone of the biopsy with a slight decrease of intensity in the basal and middle of the specimen.
Nonetheless, the clinical outcomes of this study showed bigger improvements compared to those of
preoperation. However, the current study was still inferior to the above research. The reason for this might
be the higher baseline scores and shorter follow-up time of the current study, and it caused a relatively
narrow improvement when it was compared to the previous literature.

This study had several limitations. First, the procedure of this study was not compared to other operative
techniques. Although performing reimplant steps of the procedure under mini-open and using the non-
�owing gel scaffold might theoretically provide several advantages, further studies were required to
compare operative time, postoperative rehabilitation, and clinical and radiologic outcomes with
arthroscopic autologous chondrocytes combined with type I collagen scaffold. Second, since the sample
size calculation was not performed with a certain clinical outcome measurement tool, an important
drawback of this study was the small sample size. Third, the follow-up time was also relatively short for
some evaluations. Clinical outcomes were followed for up to 5 years, and it was con�rmed that improved
clinical scores were maintained for a long period[24]. Lastly, histological evaluations were performed on
just one patient at 12 months after implantation, and the number of histological evaluations was
relatively small. Therefore, the current study was not able to assess implant integrity and any change in
composition and distribution of type II collagen in the long-term, and it posed a signi�cant challenge to
get complete data to support our view.

Conclusions
Type I collagen-based MACT for the treatment of chondral or osteochondral lesions of the knee was a
clinically effective treatment that yielded signi�cant functional improvement and improvement in pain
level, and this method presented histologic evidence of regenerating hyaline-like cartilage in the knee with
articular cartilage defect by the biopsy in one case. On the contrary, the quantitative T2-mapping test
showed that there was a difference between the regenerated cartilage and the surrounding hyaline
cartilage.
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Figures

Figure 1

KOOS Score (Knee injury and Osteoarthritis Outcome Score) outcome after operation. Preop-preoperation,
Pop-postoperation, mons-months, activities of daily living (ADL), sports and recreation (Sports&Rec),
quality of life (QOL). aP <0.05 (vs preoperatively), bP <0.05 (vs 3 mons), cP <0.05 (vs 6 mons), dP <0.05
(vs 12 mons).
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Figure 2

T2 mapping of cases after the operation. The chondral lesion treated with the implant developed an
intensity similar to the surrounding normal cartilage over time. ROI-the region of interest. The minimum
value of blue is 0 ms representing healthy cartilage, the maximum value of red is 100 ms representing
damaged cartilage. PDW-proton density-weighted, SPAIR- spectral attenuated inversion recovery,mons-
months.
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Figure 3

MOCART Score after operation. Pop-postoperation,mons-months. aP <0.05 (vs pop 3mons), bP <0.05 (vs
pop 6 mons), cP <0.05 (vs pop 12 mons)
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Figure 4

Comparison T2 values of repaired site and surrounding normal cartilage after the operation. Preop-
preoperation, Posop-postoperation , mons-months. aP <0.05 (vs preoperatively), bP <0.05 (vs 3 mons), cP
<0.05 (vs 6 mons), dP <0.05 (vs 12 mons) eP p<0.05(vs normal cartilage)
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Figure 5

Arthroscopic �ndings. A: Arthroscopic outcome before implantation, B: A second-look arthroscopy at 12
months. The lesion is covered with cartilage-like tissue after the matrix-associated autologous
chondrocyte transplantation.

Figure 6

Histologic evaluation. The sample was taken from second-look arthroscopy performed at 12 months
after the operation. A: Safranin O-fast green (S-O) stain for glycosaminoglycan distribution, B
hematoxylin and eosin (HE) stain to observe general cell morphology, C: immunohistochemically (IHC)
with type-speci�c antibodies against collagen type II, D: immunohistochemically (IHC) with type-speci�c
antibodies against collagen types I to evaluate collagen distribution of regenerated cartilage


