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Abstract
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Objective

ro

The research aims to evaluate short- and medium-term outcomes of patients treated
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using Autologous matrix-induced chondrogenesis (AMIC) with a hyaluronic acid
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scaffold (Hyalofast, Anika Therapeutics, MA-USA) in grade IV chondral lesions

lP

according to the Outerbridge classification in the knee.

na

Methods

ur

This study is a multicenter, non-randomized, retrospective, conducted between
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2017-2022. To determine the clinical outcome of the patients the follow-up was done
with the subjective International Knee Documentation Committee (IKDC) score, presurgery, and with a follow-up at 12-,24-, and 32 months.
Results
Fifty patients (28 female) with a mean age of 45.9 ± 12.7 years were recruited. The
mean size of the lesion was 3.5 cm2 and the injuries located in the patella (30%) and
trochlear groove (24%) were the most frequent. The total IKDC clinical score
significantly increased from baseline to the 32-months of follow-up with a mean
difference of 36.4 (95% CI, 29.1-43.7, p< 0.001). Besides, there was a statistically
significant improvement in all categories of the IKDC (symptoms, sports activities,

function, and activity of daily living) compared between pre-surgery and 24 and 32months of follow-up. The patients younger than 45 years presented better clinical
outcomes than older ones with a difference between medians of 10.40 (95% CI,
1.10-11.50, p=0.0247) and a negative correlation was found between the 32-months
IKDC score and the age. In addition, no statistically significant difference was found
when comparing the last results of the IKDC between patients with and without

of

associated surgical procedures, or between patients with single and several lesions,

ro

neither nor between men and women. The level of satisfaction with the procedure of

-p

all the patients, on a score of 1 to 10, was on average 8 ± 1.5.

re

Conclusion

lP

The results of this study indicate that patients who underwent the AMIC procedure

na

with hyaluronic acid scaffold for the treatment of grade IV chondral lesions in the

Jo

ur

knee presented satisfactory results throughout the follow-up.

Keywords: autologous matrix-induced chondrogenesis (AMIC); Chondral defects;
knee; Cartilage; Tissue Scaffold.

Level of evidence: Level IV

What are the new findings
● Autologous matrix-induced chondrogenesis (AMIC) with a hyaluronic
acid scaffold for the treatment of grade IV cartilage injuries in the knee
presented statistically significant improvement in all categories of IKDC
score when comparing the patient’s baseline status with 32-months of
follow-up
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● No statistically significant difference was found when comparing the

ro

clinical outcome between men and women, single or multiple lesions,

re

na

Introduction

lP

studied patients

-p

and patients with and without associated surgical procedures in the

ur

Articular cartilage injuries can greatly affect the function and quality of life of patients,
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these injuries present a challenging clinical stage because they can often occur in
young patients and the characteristics of the articular cartilage do not allow adequate
healing [1,2]. These injuries are usually diagnosed by arthroscopy or magnetic
resonance imaging [3–6]. Two retrospective reviews found an underestimated
incidence of up to 60% in all patients undergoing knee arthroscopy [7,8]. Chondral
injuries can affect all areas of the articular cartilage in the knee, but the medial
femoral condyle and the patellar surface are the most affected areas [7,9,10].
Furthermore, the available treatment options are limited therefore surgical treatment
is often required, which has an annual incidence reported in series of up to 90
surgeries per 10,000 patients [11–3].

Articular cartilage is a specialized tissue responsible for protecting the subchondral
bone and allowing the articular contact surfaces to glide against each other without
friction and absorb the impact on the joints [10]. However, since the cartilage that
covers the articular surface is hypocellular and lacks blood vessels, lymphatic
drainage, and nerves, it has a very limited intrinsic tissue repair capacity. For this
reason, the focal lesions in the articular cartilage of the knee may have important

of

consequences both in the short and long-term, due to the risk of generating early

ro

osteoarthritis [13,14].
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Chondral injuries are produced by the degradation of articular cartilage, in response

re

to various stimuli that can be of metabolic, genetic, vascular, and traumatic origin
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[15–18]. These injuries can occur from a single episode of stress on the joint, or

na

repetitive episodes of small magnitude and are an important cause of chronic pain
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[19]. The injuries can be classified according to the thickness and diameter of the
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affected cartilage, one of the most commonly used is the Outerbridge classification
[13,20]. This classification divides chondral injuries into four grades: grade I,
cartilage softening; grade II, involvement in an area that does not exceed 1.27 cm2
(half an inch) in diameter and has a depth of less than 50% of the thickness of the
cartilage; grade III, the depth of the defect involves more than 50% of the thickness
and the area of the lesion exceeds 1.27 cm2 in diameter; and grade IV, a lesion that
involves the entire thickness of the cartilage, exposing the subchondral bone [21].
When an articular cartilage injury occurs, the fibrocartilage resulting from the healing
process has inferior biological and biomechanical properties, compared to native
hyaline cartilage, and can undergo degenerative changes that ultimately lead to

osteoarthritis [22]. For this reason, regeneration of the articular surface is very
important [23]. There are several surgical approaches for the treatment of grade III
and IV chondral lesions of the Outerbridge classification. However, there is no
consensus on which should be the treatment of choice [24]. One of the most used
therapeutic options is microfractures, which are cost-effective and are used
extensively to treat small chondral defects [2]. This technique seeks to stimulate the

of

bone marrow by drilling holes in the bone, and consequently form a clot of
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mesenchymal cells and growth factors that later will develop fibrocartilage in the
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lesion [1]. The clinical results of microfractures are highly dependent on the age of
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the patient and the size of the cartilage defect [1,25]. Microfractures are
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recommended in young, active patients, and present better results in defects smaller
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than 2.5 cm2 [26]. Although this procedure has shown good results in the short term,
some studies have shown that clinical improvement begins to diminish

Jo

ur

approximately two years after the procedure [2,27].
In recent years another method such as autologous matrix-induced chondrogenesis
(AMIC) has become popular, which consists of biodegradable scaffold implantation
associated with microfractures, It is a method that is being used frequently, due to
their reduction in costs, time, morbidity and the clinical results have been significant
in improving the symptoms, functionality, and quality of life of patients in the medium
and long-term follow-up [24,25,28]. Among the different commercial biocompatible
scaffold options that are used to repair chondral injuries, Hyalofast (Anika
Therapeutics, Bedford, MA, USA) stands out, because it’s a scaffold that has a threedimensional structure of nanofibers, hyaluronic acid non-woven, and is

characterized for its bioactivity, biocompatibility, and biodegradability. This
generates a matrix that serves as structural support for mesenchymal stem cells
released by bone stimulation since it promotes the union, proliferation, and
differentiation of these cells into chondrocytes. As Hyalofast degrades, it releases
more hyaluronic acid into the lesion, resulting in a microenvironment that further
promotes hyaline-like cartilage formation [14,29]. Currently, limited literature is
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available evaluating the short- and medium-term outcomes of focal chondral lesions
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of the knee treated with microfracture in conjunction with the implant of a hyaluronic
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acid scaffold given the great variety of biological scaffolds. The present study aims

re

to evaluate the short- and medium-term clinical outcome of patients over 18 years
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of age who presented grade IV knee chondral lesions, according to the Outerbridge
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classification, and who underwent AMIC, specifically microfractures with the implant
of a hyaluronic acid scaffold (Hyalofast, Anika Therapeutics, Bedford, MA, USA).
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The clinical outcomes were assessed with the subjective International Knee
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Documentation Committee (IKDC) score, pre-surgery, and with a follow-up at 12,24-, and 32 months. Our hypothesis states that implementing a hyaluronic acid
scaffold will result in satisfactory clinical outcomes for patients and early return to
daily activities.

Methods
This study is a multicenter, non-randomized, retrospective, conducted between 2017
and 2020 in four specialized health institutions in Colombia and one health institution
in Panama. For the treatment of the lesions, the implant of a hyaluronic acid scaffold
(Hyalofast, Anika Therapeutics, Bedford, MA, USA) in combination with
microfractures was performed in all patients. Microfractures were performed using

of

1.1-mm Kirschner wires drilled in approximately 3 to 5-mm intervals and 5-mm in

ro

depth across the exposed surface of the lesion. A hyaluronic acid scaffold was

re

lP

blood and formed a stable clot.
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applied to fill the defect in dry conditions and waited until it came into contact with

na

The inclusion criteria were patients over 18 years of age, focal cartilage tissue defect

ur

of the knee diagnosed by preoperative magnetic resonance imaging (MRI), no
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response to conservative treatment, and grade IV Outerbridge lesion according to
intraoperative arthroscopic evaluation. Exclusion criteria were patients with a history
of rheumatological diseases, intra-articular fracture, diffuse osteoarthritis, or
previous surgical procedures on the knee to be intervened. Non-probabilistic
sampling was used, and all patients who met the selection criteria were presented.
A total of 84 patients were initially considered for this study, 28 were excluded based
on the inclusion and exclusion criteria and 6 were lost to follow-up. Finally, 50
patients met adequate follow-up and inclusion-exclusion criteria.

The medical records of all identified cases were reviewed, and data of demographic
(gender, age) and clinical variables were extracted (laterality, history of illness or
surgery, time elapsed between injury and surgery, associated procedures performed
in the same surgical time, satisfaction level on a numerical score, the number, size
and location of the lesions, complications, and re-interventions). To determine the
clinical outcome of the patients the follow-up was done with the subjective
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International Knee Documentation Committee (IKDC) score, pre-surgery, and with a

ro

follow-up at 12-,24-, and 32 months. The present study was approved by the ethics
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committee of one university and the participating health institutions and was
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conducted according to the principles expressed in the Declaration of Helsinki. All
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patients were able to understand the nature of their treatment and written informed

ur

na

consent was obtained for the publication of images for research purposes.
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For data analysis, GraphPad Prism V.8.0 (San Diego, CA, USA) software was used.
Normality was evaluated using the D'Agostino & Pearson test. The variables that
presented a normal distribution were expressed with mean and standard deviation
(±), otherwise, they were expressed with median and interquartile range (IQR). The
comparison between the two groups was made using the unpaired T-test or MannWhitney U test, for parametric and non-parametric data, respectively. Similarly, the
comparison between three or more groups was made using one-way ANOVA or
Friedman test, in the case of statistical association post hoc tests (or multiple
benchmarks) were performed, using the Dunn or Turkey tests as appropriate. In

addition, correlations were made using the Pearson or Spearman tests, according
to the variables. A value of p lower than 0.05 was considered statistically significant.

Results
In total, 50 patients were analyzed and 56% of them were women, the right knee

of

was the most affected by chondral lesions (56%). 76% of the patients presented a

ro

single lesion. At the same time, the most common additional surgical procedure was

-p

anterior cruciate ligament reconstruction in 12% of cases (Table I). The level of

re

satisfaction with the procedure of all the patients, on a score of 1 to 10, was on

lP

average 8 (± 1.5).

na

The clinical evolution in each parameter of the IKDC score, such as symptoms,
sports activities, function, and activity of daily living, statistically significantly

ur

improved between the pre-surgery state and months 12, 24, and 32 of follow-up

Jo

(Figure 1). Except in the parameter of function, and activity of daily living, when
comparing the pre-surgery state and the 12 months of follow-up (Table II).
It was found that there is no correlation between the time elapsed between injury
and surgery, and the last IKDC result at 32-months follow-up (p=0.471), or between
the size of the lesion and the last result of the IKDC (p=0.673). However, a negative
correlation was found between the last IKDC score at 32-months of follow-up and
the age of the patients (Figure 2A). Similarly, a statistically significant difference was
found when comparing the last results of the IKDC between patients older and
younger than 45 years (Figure 2B). On the other hand, no statistically significant

difference was found when comparing the last results of the IKDC between patients
with and without associated surgical procedures (p= 0,535), or between patients with
single and multiple lesions, neither nor between men and women (p=0,117).
The extent of cartilage regeneration and the quality of regeneration of some patients
were also evidenced with MRI assessment (Figures 3,4). The MRI comparison
between pre-and post-surgery showed filling of the defect with new cartilage-like

of

tissue. Finally, no patient required additional surgeries, and no complications were

-p

ro

reported during the follow-up period.
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Discussion

The present study analyzed the clinical evolution of patients who presented grade

na

IV knee chondral lesions, according to the Outerbridge classification, and who

ur

underwent AMIC, specifically microfractures with the implant of a hyaluronic acid
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scaffold (Hyalofast, Anika Therapeutics, Bedford, MA, USA). The main findings of
this study were a continuous increase in the IKDC score at 12, 24, and 32 months
of follow-up (Figure 1), a negative correlation between age and IKDC total score
(Figure 2A), and better clinical outcomes in patients younger than 45 (Figure 2B).
Similar results have been published in the literature with satisfactory clinical
evolution in the short and medium-term using AMIC for the treatment of knee
chondral defects [1,30,31].
Although other methods such as mosaicplasty or osteochondral transplantation have
favorable results because transplant the full-thickness of the lesion, which allows its
use in lesions of greater diameter with satisfactory results [23]. Nevertheless, the

larger the defect, the larger the area removed from the donor site, which limits the
possibility of indicating this procedure for large defects, and the donor site will heal
with fibrocartilage, which could cause associated morbidity [24], it has also been
shown that the clinical success decreases among patients over 50 years of age
[32,33]. Osteochondral allografts are also a treatment option for some chondral
lesions and are used in larger defects. Although they don’t generate morbidity at the

of

donor site, there is a risk of failure in the bone incorporation and non-viability of the

ro

chondrocytes [34]. Although the clinical results in several series are satisfactory in
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the medium and long-term follow-up, it presents the limitation of availability in some

re

centers [35,36].
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Another method that stands out to regenerate articular cartilage is the implant of

na

autologous chondrocytes, either using a three-dimensional scaffold of biocompatible

ur

components, which serve as structural support, or implanting them directly in the

Jo

lesion and covering them with periosteum [19]. This method has shown satisfactory
results in lesions up to 10 cm2 and presents better long-term clinical results when
compared with other methods such as microfractures [37,38]. However, since two
surgical procedures are required, in the first one, a cartilage biopsy is performed, to
cultivate the chondrocytes in the laboratory, and later implant them through another
procedure. This method is associated with higher costs and presents the limitation
of the availability of an experienced laboratory to perform the cell cultures, which has
influenced the search for alternative methods for the repair of cartilage injuries [39].
Such as the use of a biodegradable scaffold alone or associated with mesenchymal
stem cells derived from bone marrow [29,40]. Through this method, it is sought that

the cells derived from bone marrow differentiate into chondrogenic and osteogenic
lineages, and generate better-quality scar tissue [27,29,40]. Furthermore, the
procedure can be completed in a single stage and does not need cell culture,
resulting in a significant reduction in costs and morbidity in the patient, and clinical
short and medium-term results are satisfactory in large lesions [41,42]. Despite this,
bone marrow aspirate concentrate is a method that is not available in all institutions.
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Therefore, although there are many methods with good results, the limited

ro

availability of these in some institutions has made methods such as the AMIC more
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widely used in middle-income countries. Though there is no consensus on which

re

should be the treatment of choice [24], it should be selected according to the

lP

characteristics of each patient, such as age, the size, number, and location of the

na

lesions, availability, cost, and the experience of the treating specialist.

ur

There are several reports, including randomized controlled clinical trials that confirm
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that treating focal knee cartilage defects with AMIC generates satisfactory clinical
results in the medium term compared to other procedures such as microfractures
[1,43]. It should be taken into account that there are several types of scaffolds used
for the treatment of articular cartilage injuries, which can generate diverse results,
since they may differ in composition and three-dimensional structure [15]. Despite
this, the findings found in this study agree with several reports, in which satisfactory
clinical results have been demonstrated using a hyaluronic acid scaffold as a support
component in different techniques for the treatment of chondral lesions [6,14,25].
In the present study, a relationship was found between the last IKDC score and age
(Figure 2). This is evidenced by better clinical outcomes in younger patients.

Although the results in the literature are diverse [44], some reports show better
clinical outcomes in young patients when AMIC [45], or another therapeutic option
is used [46]. In our results, the patients younger than 45 years show better results
even removing confounding variables such as additional surgery and more than one
chondral lesion. However, many authors have reported satisfactory clinical evolution
in older patients when using a hyaluronic acid scaffold [6,14,17]. Despite this, some

of

studies do not find age as a prognostic factor [15,44,47], though it is a matter of

ro

debate at the moment [1,48].
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Although the size of the lesion has been reported as a negative predictor of the

re

clinical outcome [48], in the present report, the size of the defect was not related to

lP

the last IKDC result. This could be explained because the mean size of the injuries

na

found was 3.5 cm2, and the reports in multiple series show that a difference is only

ur

evidenced in the clinical result when the injuries are greater than 8 cm2 [16]. With

Jo

small and medium-sized lesions such as those reported in this study, the clinical
results are usually satisfactory [40,44,45]. In addition, it would be expected to find
worse outcomes in patients with injuries in multiple compartments of the knee
compared to a single injury, but in the patients studied there was no difference,
perhaps due to the limited number of patients.
There is a previous report in the literature where cartilage repair was more effective
in men when analyzing the results by gender [49]. However, most reports do not find
a clinical difference related to the gender of the patients [1,44,45,47], as found in the
present study. Although little is known about sex-specific differences in the treatment
of chondral lesions, women often have unfavorable conditions related to the cause

of the lesion, the site, and the level of activity that may influence the final clinical
outcome [50]. Therefore, more studies are required to allow a better understanding
of the treatment of chondral lesions in different subpopulations.
Although there were some images presented (Figures 3,4) that show a regenerated
tissue similar to those assumed to be indicative of healthy hyaline cartilage could not
be performed postoperative follow-up using MRI or arthroscopy in all patients to

of

assess tissue quality after the procedure. Besides, this study has other limitations,

ro

such as the lack of a control group, treated with microfractures only and the
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heterogeneity of the patients studied, although this reflects the reality of the patients

re

suffering from chondral lesions because randomized controlled trials do not
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necessarily match with most patients [31]. Likewise, the follow-up time was 32

na

months, which could be a limitation when evaluating the long-term clinical outcome.

ur

However, the long-term studies using AMIC confirmed the stability of pain reduction
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and improved function for at least 5 years [27,31] and the findings reported in our
study presented a progressive increase in IKDC score during the 32-months of
follow-up, confirming the persistence of clinical improvement in the medium-term.
The strengths of the study were its international and multicenter nature, and patients
with different age ranges were included, even older than 60 years old. Besides, the
IKDC score was performed at different times in the clinical course, which allows an
adequate analysis of the clinical evolution. Finally, the number of patients was
adequate when compared with reports in the literature [6,13].

Conclusion
The repair of chondral lesions of the knee using AMIC with hyaluronic acid scaffold
(Hyalofast, Anika Therapeutics, Bedford, MA, USA) provides satisfactory clinical
results in the short- and medium-term follow-up. This procedure improved
symptoms, sports activities, and functionality and presented a high level of

ro

of

satisfaction among evaluated patients.
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Table I. Patient characteristics
IQR: Interquartile range; ±: standard deviation; ACLR: anterior cruciate ligament
reconstruction; MPFLR: medial patellofemoral ligament reconstruction.

Table II. Results of the IKDC parameters of all patients
Pre: Pre-surgery; CI: confidence interval; ±: standard deviation.

Figure 1. Box-and-whisker plots show total IKDC clinical scores and its parameters,
pre-surgery and at the different follow-ups

ro

of

A. Total IKDC. B. Symptoms. C. Sports activities. D. Function, and activity of daily living.
Comparisons were made using the one-way repeated measures ANOVA test with a 95%
confidence level; and a post hoc test (multiple benchmarks) was performed, using Turkey's
test. Significant differences are represented in the upper part of each figure. (*p<0.05,
**p<0.01, ***p<0.001, ****p<0.0001).

Figure 2. Analysis of the IKDC according to age

ur

na

lP

re

-p

A. Correlation between the last IKDC result at 32-months follow-up and the age of all
patients. Analysis using Pearson correlation coefficient. The r and p values are indicated in
the figure. B. Comparison of the result of the last IKDC evaluation between patients older
than 45 years vs younger than 45 years (removing confounding variables such as additional
surgery and more than one chondral lesion), with a difference between medians of 10.40
(95% CI, 1.10-11.50, p=0.0247). The comparison was made using the Mann-Whitney U test,
with a confidence level of 95%. Significant differences are represented in the upper part of
this figure (*p<0.05)

Jo

Figure 3. Magnetic resonance imaging of a chondral defect of the medial femoral
condyle in a 25-year-old male patient.
A. Preoperative coronal image using a proton density turbo spin-echo (SPIR) sequence. B.
Preoperative sagittal image with SPIR sequence. C. At 7 months follow-up coronal image.
D. Postoperative sagittal image.

Figure 4. Magnetic resonance imaging of a chondral defect of the patella in a 40year-old female patient.
A. Preoperative axial image. B. At 10 months follow-up axial image. C. Postoperative axial
image with T2-mapping sequence.
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