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Abstract: Articular cartilage injuries are found in up to 60 % of patients who undergo an arthroscopic knee
procedure, those that totally affect articular cartilage (grade IV) have limited regenerative capacity and
extended time for recovery, 3-D scaffolds represent a novel solution to address this type of injury. Our purpose
was to analyze MRI findings and functional status of patients that underwent repair of chondral defects either
by microfractures or Hyaluronan (HA) 3-D Scaffold. We conducted a retrospective study of patients with
chondral defects. The outcomes analyzed in this study included anatomical changes envaulted by the
Henderson score (based on MRI findings) at baseline, 6, and 12 months after surgery; and improvement in
functionality, evaluated by the Modified Cincinnati Knee Rating System (MCKRS) at baseline and 6 months
after surgery. Clinical and demographic characteristics were similar for both groups. There was a statistically
significant improvement in Henderson score for the 3-D scaffolding treated group at 6 months, versus the
microfracture group (p < 0.0001). Improvement in functionality, measured by MCKRS was more frequently
found in the 3-D scaffold treated group. In conclusion the use of HA 3-D scaffolding was superior with faster
recovery, evident after 6 months of the surgery, that progress to full recovery in all patients after a year of
surgery. Future studies with a randomized design might help to sustain our findings. This study provides a
level III of evidence.
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1. Introduction

Lesions of the knee cartilage are very frequent, it is estimated that they occur in up to 60% of
patients that are subject of a knee arthroscopic procedure [1]. Patients with these lesions frequently
experience pain, swelling, functional impairment, and a reduction in the quality of life [2]. There is a
limited capacity for self-repair of chondral defects, and it has been documented that untreated lesions
can predispose the joint to increase in cartilage loss and to early onset osteoarthritis (OA) [3].
Chondral lesions are most commonly found on the patella and medial femoral condyle [4]. Lesions
that comprise chondral full thickness, are classified as grade IV according to the International
Cartilage Repair Society (ICRS), and are considered a real challenge for treatment, often with, slow
or difficult to achieve, full recovery [2,5]. Several treatment options for symptomatic patients have
been developed, however, no clear gold-standard treatment has been established, since most of the
interventions will depend on several factors, such as: the size and place of the lesion, the presence of
osteoarthritis and other comorbidities, and additional demographic variables [6].

Currently, treatment of cartilage defects is a clinical challenge, not just from the standing point
of view of the surgery and the technique implemented but also, because after the surgical
intervention, the resulting reparative fibrocartilage has inferior biomechanical properties when
compared to the native cartilage, and even more, reparative fibrocartilage seems to be more
susceptible to degenerative changes leading to early onset OA [7].

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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Several surgical techniques have been proposed to try to improve the regeneration of the
articular cartilage, among them is the two-step autologous chondrocyte implantation (ACI) [8],
microfractures, and recently the use of hyaluronic acid-based scaffolds for chondrocyte implantation
[9]. Hyaluronic acid (HA) is a natural polymer that promotes the formation of new hyaline-like
cartilage tissue that has reported satisfactory clinical results however at an elevated cost. There is also
lack of standardization on techniques and lack of adequate evaluations, rendering the use of this new
approached to have a limited use. The aim of this study was to analyze functionality and radiographic
recovery in patients that were surgically intervened for the reparation of full thickness cartilage
lesions (ICRS grade IV) of the knee, either with a hyaluronan-based 3-D scaffold or the microfracture
technique over a one-year period.

2. Materials and Methods

Study Population

To be selected as study participants, patients needed to fulfill the following inclusion criteria:
>18 years old, who underwent arthroscopy in the same center, and performed by the same surgeon
during the observation period Jan-Dec of 2019.Exclusion criteria was the requirement for bone
grafting, osteonecrosis, and the presence of concomitant inflammatory arthropathies who required
intra-articular injections of steroids.

Patients were divided into two groups, according to the technique used during the arthroscopic
intervention into the microfractures and HA 3-D scaffold groups. The decision for the technique
selected was based on the availability of the patients’ insurance company to pay for the HA 3-D
scaffold.

Clinical information from patients was obtained from the electronic medical records. Baseline
assessments were obtained from measurements performed on the day of admission for surgery. At
this point we collected information related to demographic aspects, characteristics of the lesion. After
the surgery, we searched for patients’ clinical information at 6 and 12 months.

Ethical considerations.

The conduction of the study was reported to the local IRB, and signature of informed consent
was exempt due to the retrospective nature of the study (CEI/2023/001).

Surgical technigues.

Surgery was performed in all patients under spinal anesthesia with routine sterile preparation
and draping. After arthroscopic evaluation, the knee was approached with a mini-arthrotomy, the
chondral defect was prepared and debrided with the use of curettes to remove chondral free
fragments and calcified lesions while avoiding penetration of the subchondral bone, damaged
cartilage was removed until the defect was evident, then approximately 5 mL of bone marrow
aspirate cells (BMAC) was harvested from the femur. The aspirate was then located into the patient’s
lesion, either by the generation of microfractures with BMA directed through the cylindric
containment of the fracture, or with the use of a three-dimensional scaffold imbibed in the BMAC.
For the latter, chondral defects were measured vertically and horizontally, the three-dimensional
scaffolds were tailored to the defect size and shape of the lesion, soaked in BMAC, and implanted in
the defect site. The scaffolds were secured to the surrounding previously cleaned cartilage using
intraarticular sutures or with the use of an arthroscopic retracting system.

Functional Status.

To evaluate patient’s functional status, the Modified Cincinnati Knee Rating System (MCKRS)
was obtained preoperatively and post-surgery at 12 months.

The system consists of 12 scored questions that cover the domains of pain, swelling, function
and activity-level. The total score is calculated as the sum of all question responses, with 100
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representing the best/excellent knee function, and 0 representing the worst/poor knee function [10].
Results are interpreted as follows: <30 poor, 30-54 fair, 55-79 good, and >80 excellent.

MRI assessment & Henderson Scale.

Magnetic resonance imaging (MRI) results were collected preoperatively, six and twelve months
after the surgery, performed by an independent radiology consultant blinded to the type of cartilage
repair. After the evaluation of the images, the radiologist obtained a score for each patient based on
a system developed by Henderson et al. [11] Parameters reviewed included defect fill, signal,
effusion, and subchondral edema, which were scored on a scale from 1 to 4, where 1 represents a
normal knee and 4 a severe full thickness defect.

Second look arthroscopy.

In some cases, a second-look arthroscopy was performed, due to the presence of mechanical
symptoms, crepitus, or pain, and for those who required surgical treatments for other reason
unrelated to the previous surgical procedure. During the second look arthroscopy, grafts were
inspected and evaluated according to the ICRS cartilage repair assessment scoring system, which
includes the degree of defect, fill, graft integration to adjacent normal articular surface, and gross
appearance of the graft surface.

Statistical Methods.

Descriptive analysis was performed by mean and SD for continuous data and proportions for
categorical data, as non-parametric alternates we used medians and interquartile ranges. Inferences
were made by use of chi-square for categorical data and students T test (two tailed) for continuous
data and Kruskal-Wallis for variables with non-parametric distribution. We conducted an analysis of
response profiles to test if there was a difference in the pattern of change over time in patients
receiving the two interventions. Significant differences were set to a value of p<0.05. We used the
statistical software STATA IC 16.

3. Results

We included a total of 33 patients, who underwent surgery during the period from Feb-Dec 2019.
The group treated with HA 3-D scaffold comprised 12 patients and the group treated with
microfractures was of 21 patients. All patients had lesions classified as grade IV according to the
ICRS, their functional status was of fair performance and only a few had poor performance status.
Most lesions were located on the right knee, and 90% of patients reported having an amateur type of
physical activity. Table 1 shows frequencies and comparisons for both groups, without significant
distinctions at baseline.

Table 1. Clinical and demographic characteristics of patients treated with microfractures or 3-D

scaffold.
Variabl Microfractures HA 3-D Scaffold
¢ (n=21) (n=12)
Age
(mean + SD) 34.8+5.1 32.3+6.6 0.2360
Feminine gender
16 (7 7 )
n (%) 6(76) 9 (75) 0.939
Lesion in the righ
esion in the right knee 16 (76) 7 59 1283
n (%)
Injury of the medial condyle 16 (76) 7 58) 0283
n (%)
Lesi i le f 1
esion site (condyle femora 16 (76) 7 (58) 0283

medial) n (%)
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Lesion size (mm)

median (ICR) 125 (100-225) 100 (80-100) 0.088
MCKRS scores before surgery

median (ICR) 46 (44-56) 44 (43-46) 0.2696
Henderson scale before surgery

median (ICR) 444 4(3-4) 0
Amateur physical activity 19 (91) 11 (92) 0.693
n (%) ’

With respect to surgery and the immediate postoperative period, there were no significant
complications reported for any patient. After 6 months of the surgery patients were asked to undergo
a new MRI to assess changes in the Henderson scale, a statistically significant improvement was
found in the group treated with the 3-D scaffold to a median (ICR) of 1 (1-1.5) (p<0.001), which was
not evident in the microfractures treated group.

Figure 1 depicts macroscopic changes observed at 6 months in the MRI. Then, at 12 months after
the surgery, there was a continued improvement for both groups, but this difference was markedly
important for individuals in the HA 3-D scaffold group, since all patients from this group were found
to have a Henderson scale of 1, while the group treated with microfractures still had almost half of
the individuals (47.6 %) with a score of 2 (p 0.0048). This means that all patients treated with the HA
3-D scaffold returned to a radiographic image that represents a knee with absence of fluid and edema
in the joint. Conversely, in the microfractures group, this was not achieved by any patient. Table 2
represents these comparisons between groups.

With respect to functionality, patients in the group treated with HA 3-D Scaffold were able to
progress to an excellent functionality (>80) in the following 6 months having a near perfect score in
the MCKRS, which represents, the capacity to perform physical activity, while in the group treated
with microfractures the highest score was related to only a moderate capacity for physical activity.

The mean Henderson and MCKRS scores over time can be observed to change at different rates
for patients being treated with two surgical approaches (Figure 2 and 3).

Table 2. Changes in MCKRS and Henderson scores and after surgery (6-12 months).

Treatment Baseline 6 months P 12 months P
Henderson Score
Microfractu 4 (4-4 3(2-3 1(1-2
[CTOTractires (4-4) (2-3) 0.0001 (1-2) 0.0048
3-D scaffold 4 (4-4) 1(1-1.5) 1(1-1)

Modified Cincinnati Knee Rating System
Microfractures 46 (44-56) 81 (77-83) 0.0001 -
3-D scaffold 44 (43-46)  96.5 (95-97) ’ -
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Figure 1. Representative MRI view of the full-thickness cartilage defect and adjacent tissue before (A
and C) and 6 months after the surgery (B and D) in a patient treated with HA 3-D fold scaffold. Letters
A and B anteroposterior views with a lesion in the medial femoral condyle (arrow), in the same view
6 months after, this lesion has visually disappeared and replaced with reparative tissue. Letters C and
D are coronal views of the lesion located in the same anatomical structure with evident subchondral
edema, which disappears 6 months after the surgery.
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Figure 2. Henderson Score over time in the microfractures and HA 3-D Scaffold treated groups.  =-
1.2 (95% CI: -1.08 - -3.05) p< 0.0001.
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Figure 3. Modified Cincinnati Knee Rating System (MCKRS) in the microfractures and HA 3-D
scaffold treated groups. B =32.66 (95% CI: 30.44 — 34.89) p< 0.0001.

After 12 months of follow-up a small number of patients required a new arthroscopy, during
this second look the integrity of the graft was verified to assess the degree of defect, fill, graft
integration to adjacent normal articular surface, and gross appearance of the graft surface, we were
unable to observe a case without integration to adjacent normal articular tissue (Figure 4).

Figure 4. Representative macroscopic view of the cartilaginous repair tissue within the circular full-
thickness cartilage defects and adjacent cartilage during surgery for A HA 3-D scaffold and B
microfractures group. Letter C is the macroscopic view of the second look arthroscopy (12 months)
for the patient treated with HA 3-D scaffold with the graft completely integrated to the normal
adjacent articular surface, without evident filling defects.

4. Discussion

Our findings support an evident improvement in the group of patients treated with the use of
HA 3-D scaffold, seen at 6 months after surgery that progress towards the end of the study at 12
months. According to our findings, the usage of 3-D scaffold for the treatment of cartilage defects is
effective and superior to microfractures, with evidence related to less time for total recovery of
functional status (MCKRS), and faster improvement in MRI findings (Henderson Score).

Surgical alternatives to treat chondral defects include chondroplasty, microfracture, and
osteochondral allograft transplantation [12]; however chondroplasty and microfractures are options
typically performed to treat smaller lesions (<2 cm), larger lesions will frequently require a matrix-
induced implantation of cells. Osteochondral transplantation has been frequently used to approach
lesions larger than 2 cm or grade III and above, the graft can be obtained from a donor (allograft) or
it can be obtained from the same patient (autograft); in the present study, we were able to perform
autografts which significantly simplified the procedure since there is no need to perform matching
[13]. Additionally, we had no side effects, related to rejection of the graft.
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The autograft used in the present study, came after a bone marrow aspirate from each patients’
femur, which is demonstrated to contain high levels of mesenchymal stem cells (MSCs), cytokines
and chemokines (TGF-b and PDGF) [14].

Although several studies have aimed in the comparison of results with different therapeutic
approaches, most previous clinical trials included patients with isolated or focal midsized defects.
However, one previous study with a randomized controlled design found that an aragonite-based
scaffold was superior to the microfractures treatment in patients with grade III or superior
osteochondral lesions [15]. They found that up to 78% of patients treated with the scaffold had a
significant improvement compared to 34% in the microfractures group (p<0.0001), after 2 years
follow-up [15]; our study showed an even faster response visible at 6 months after surgery. A faster
response and recovery observed in the present study, could be due to the use of a hyaluronic acid
based 3-D scaffold. The microstructure, porosity, and addition of supplements to the scaffold have
been identified as important characteristics to allow cell fixation, proliferation, differentiation, and
further invasion, leading to vascularization and tissue repair. The microstructure needs to provide
the required structural strength to support external loads, and the porosity needs to allow the
diffusion of nutrients and soluble factors effortlessly through the extent of the scaffold [16].

The use of a scaffold with hyaluronic acid (HA), has considered to add some important
characteristics such as: frictionless movement of the knee and promotion of proliferation of cells in
vitro [17]. Since, it was demonstrated that the presence of HA enhances synovial fluid viscosity and
creates a hydrated pathway by which cells can move and migrate [18]. Furthermore, HA increases
chondrocyte proliferation and differentiation and contributes to the inhibition of enzymatic cartilage
destruction [19,20].

The most frequent complication in surgeries associated to failure of the intervention is
colonization with bacteria and the development of an infectious disease, some infectious agents can
be multidrug resistant, since they are more commonly found in hospitals, the use of supplements
with antibacterial properties could also aim in improving results from surgical interventions [21].

Some of the limitations in our study are related to the retrospective design, and selection bias
could be present. The access to the scaffold by insurance companies, might select patients to have
other common attributable variables, that could partially explain a faster recovery, such as increased
access to additional resources for clinical improvement, including physiotherapy [22] or access to
new anti-inflammatory drugs or being able to rest for a longer period of time, without the need to
return early to work or daily activities [23]. It has been shown that activity level and knee function
after treatment are influenced by preoperative demographic and psychological variables related to
the type of insurance they had. We did analyze general demographic variables but not psychosocial
factors, which are also related to the functional outcomes after knee surgery, by influencing activity
level [6]. New studies with RCT design could resolve this bias.

5. Conclusions

The use of a HA based 3-D scaffold proved to be superior in the postoperative period, with
evidence of total recovery in radiographic (Henderson scale) and functionality (MCKRS) faster when
compared to the microfractures technique. Future studies with a RCT design would be useful to
address for selection bias, and to learn if this benefit persists over a longer period, especially when
subjects normalize their physical activity demand for laboring and performance of physical activity.
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