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Abstract

Purpose. Two-year follow-up to assess efficacy and safety of high-density autologous chondrocyte implantation (HD-ACI)
in patients with cartilage lesions in the ankle. Design. Twenty-four consecutive patients with International Cartilage repair
Society (ICRS) grade 3-4 cartilage lesions of the ankle were included. Five million chondrocytes per cm” of lesion were
implanted using a type l/lll collagen membrane as a carrier and treatment effectiveness was assessed by evaluating pain
with the visual analogue scale (VAS) and American Orthopaedic Foot & Ankle Society (AOFAS) ankle-hindfoot score at
baseline, 12-month, and 24-month follow-up, together with dorsal and plantar flexion. Magnetic resonance observation for
cartilage repair tissue (MOCART) score was used to evaluate cartilage healing. Histological study was possible in 5 cases.
Results. Patients’ median age was 31 years (range 18-55 years). Median VAS score was 8 (range 5-10) at baseline, 1.5 (range
0-8) at 12-month follow-up, and 2 (rang €0-5) at 24-month follow-up (P < 0.001). Median AOFAS score was 39.5 (range
29-48) at baseline, 90 (range 38-100) at |2-month follow-up, and 90 (range 40-100) at 24-month follow-up (P < 0.001).
Complete dorsal flexion significantly increased at 12 months (16/24, 66.7%) and 24 months (17/24, 70.8%) with regard to
baseline (13/24, 54.2%) (P = 0.002). MOCART at 12- and 24-month follow-ups were 73.71 = 15.99 and 72.33 £ 16.21.
Histological study confirmed that neosynthetized tissue was cartilage with hyaline extracellular matrix and numerous viable
chondrocytes. Conclusion. HD-ACI is a safe and effective technique to treat osteochondral lesions in the talus, providing
good clinical and histological results at short- and mid-term follow-ups.
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osteochondral talar lesions is mandatory in most cases
because they have a huge impact on people’s everyday life,
especially in youngsters and those who lead active lives.
Nondisplaced, asymptomatic cartilage lesions were conser-
vatively treated whereas displaced, symptomatic injuries
were surgically treated.’®

Several surgical options are available when treating ankle
cartilage lesions.”" There is no consensus about the best
option to choose for each particular case. Recent data sug-
gest that lesions less than 10.2 mm in diameter or 107.4 mm”

Introduction

The ankle joint (talocrural joint) is a synovial joint compris-
ing the tibia, fibula, and talus. Hyaline cartilage covers the
joint surface of all bones in the ankle.' Prevalence of carti-
lage damage in the ankle is relatively uncommon, repre-
senting less than 2% in comparison with other joints such as
the knee in which it could be more than 40%. Indeed, it has
been estimated that 50% of ankle sprains will lead to a
potential osteochondral injury.’ Physical or traumatic inju-
ries are the most probable causes leading to lesion develop-
ment in the ankle joint’s cartilage while in other joints, such

as knee or hip, cartilage degeneration is the most common
cause for chondral damage.* A limited vascular supply
could be the reason for the high risk of posttraumatic osteo-
chondral injuries in the ankle which could be also related to
the low healing potential of this tissue.’ Despite their rela-
tively low prevalence, treatment of chondral and
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in area can be treated conservatively (asymptomatic patients)
or with bone marrow stimulation techniques such as micro-
fractures™'® or autologous matrix-induced chondrogenesis
(AMIC).”* These techniques are based on mesenchymal
stem cell migration from bone marrow to the lesion with the
aim of repairing it."" The difference between both techniques
is that in AMIC, a collagen I/III membrane is used to stabi-
lize blood clot.'* However, in spite of the fact that it might
work in some cases, especially when lesions are less than 15
mm," there is significant scientific evidence claiming that
bone marrow stimulation techniques are not an effective
treatment, leading to cartilage deterioration as observed in
mid and long-term follow-up.'®!'” The reason is that regener-
ated tissue is fibrous cartilage instead of hyaline cartilage,
which is unable to carry out mechanical and biological artic-
ular cartilage functions.'®'> Moreover, magnetic resonance
imaging has shown these techniques may well be related to
subchondral bone degradation.””

Cell-based therapies are widely accepted as the best
option to treat talar cartilage lesions, especially those larger
than 107.4 mm? in area or 10.2 mm in diameter.'>*' Among
them, the different modalities using autologous chondro-
cytes, with periosteal flap (periosteal autologous chon-
drocyte implantation: PACI)** and with type I/III
collagen membrane (matrix-induced autologous chondro-
cyte implantation: MACI)**** have become the preferen-
tial tool for treating these lesions. Although some authors
have demonstrated that autologous chondrocyte implanta-
tion is superior to other surgical techniques when treating
articular cartilage,”®?” various recent publications claim
there is no more effective treatment for primary®® or sec-
ondary osteochondral lesions in the talus.”” PACI and MACI
are carried out in 2 steps: first, a biopsy of healthy cartilage
from a nonweightbearing area is taken arthroscopically, fol-
lowed by a second intervention in which previously cul-
tured and expanded chondrocytes are implanted.”**’ There
are 2 main differences between PACI and MACI: In the
former, the total number of cells obtained after culture
(around 20 million cells) are implanted under a periosteal
flap while in MACI the number of implanted cells depends
on defect size, at a density of 1 million cells per cm? on the
collagen membrane.”””>> Each has its disadvantage: For
PACTI it is the morbidity due to surgery to harvest perios-
teum?**> while for traditional MACI the problem is that not
all of the obtained chondrocytes are implanted after
culturing.***

Recently, a new autologous chondrocyte implantation
approach, high-density autologous chondrocyte implanta-
tion (HD-ACI), has been described.***' In this approach,
the same porcine type I/III collagen membrane used in
MACI is cut according to defect size and shape after seed-
ing total amount of cultured cells at 5 million cells per cm’
density.***" Preliminary results observed in patients with
cartilage knee lesions treated with HD-ACI showed that

subjective perception of knee functionality, measured by
the International Knee Documentation Committee (IKDC)
index improved at 1- and 2-year follow-up with regard to
baseline, providing to be an effective technique.’’ In this
work, we describe the efficacy and safety of HD-ACI in a
2-year follow-up for all patients with cartilage lesions of the
ankle, treated in our hospital between 2010 and 2016.

Materials and Methods

Patients

This is a prospective cohort study performed on 24 con-
secutive patients with cartilage lesions of the ankle treated
with HD-ACI between 2010 and 2016. All patients signed
an informed consent and the study was approved by the
Hospital Education and Research Committee. To be
included in this study, following were the patient eligibility
criteria: International Cartilage Repair Society (ICRS)
grade 3-4 cartilage lesion of the ankle (lateral or medial),
diagnosed by imaging test (magnetic resonance or arthro-
resonance), 1 to 2 lesions of at least 100 mm? in size, and
an age ranging between 18 and 55 years. The following
were the exclusion criteria: arthrosis, misalignment of the
limb (more than 10° varus or valgus), allergy to penicillin
and/or streptomycin, hypersensitivity to bovine-derived
products, active infection, tumoral pathology, and systemic
diseases such as rheumatoid arthritis or other autoimmune
diseases with articular involvement. We included the first
24 patients fulfilling the inclusion/exclusion criteria who
had at least 2 years of follow-up, so a sample of conve-
nience was used to perform this study. Topographic chon-
dral lesion location in ankle was assessed following the
Elias et al.** classification.

Cell Culture

Included patients underwent a first arthroscopy to harvest a
cartilage biopsy from a nonweightbearing area (anterior
talar neck), placed in Dulbecco’s modified Eagle medium
(DMEM; Lonza Group Ltd., Basel, Switzerland) and imme-
diately processed. Cartilage lesion size is first measured
with a caliper during this arthroscopy to estimate the cell
number required for high-density implantation. Isolation
and culture of cells were carried-out following previously
described procedures.’’ Isolated chondrocytes were pas-
saged a maximum of 3 times until 40 to 50 million cells
were obtained and time between harvest and implantation
was 4 to 6 weeks.

Surgical Procedure

In a second step, we implanted high-density chondrocytes
on a resorbable porcine type I/IIl collagen membrane
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Figure |. Surgical procedure of HD-ACI in ankle. Technique starts with a 5-cm incision on medial malleolus (A). Membrane is cut
according to lesion size and shape and cells are seeded onto it at a density of 5 million cells per cm? lesion (B). After waiting 10
minutes, membrane is sutured to adjacent cartilage and sealed with fibrin glue (C). Correct position of the oesteosynthesis is checked

by X-ray imaging (D).

(Chondro-Gide, Geistlich Biomaterials, Wolhusen,
Switzerland). We positioned patients with ankle hanging
over a distal silicone support on a radiotransparent sur-
gery table. Additionally, we placed fluoroscopy on the
opposite side of operated limb and at right angle to it.
When the lesion appeared on zones 3 and 6 of the astrag-
alus,’” chondrocyte implantation was performed by ante-
rior arthroscopy of the ankle, favored by the posterior
position of the fibula with regard to the tibia at the tibio-
talar joint (Fig. 1). When the injury appeared on the
medial side of the astrag:{alus,32 zones 1 and 4, a medial
malleolus osteotomy was performed (Fig. 1A). The oste-
otomy begins 2 cm away from the proximal tibial malle-
olus using a 10-mm oscillating saw while locating and
protecting posterior tibial tendon. Aided by fluoroscopic
imaging, a 1.6-mm Kirschner pin was distally introduced
until we reached the center of the osteochondral lesion.
To avoid any joint damage, osteotomy was finalized
using an osteotome. While carefully handling adjacent
soft tissues, tibial malleolus was lifted proximally with a
bone clamp and lesion was accessed. The edges and the
bed of the osteochondral lesion were debrided, leaving

clean healthy perpendicular edges at the perimeter. Once
the lesion was cleaned, its definitive size was measured
using a rule. In case of lesions deeper than 4 mm, we
performed a “sandwich” technique to fill the defect, fol-
lowing an adapted procedure described by Nam et al.>* to
fill osteochondral cysts prior to ACI. Autologous spon-
gious bone taken from the osteotomy itself (this is pos-
sible because the amount needed is minimal) was placed
onto the defect. To avoid graft going out of the defect, it
was compressed and compacted with an “in-house” made
compactor. Once the lesion was prepared, the membrane
was then cut according to the defect size, chondrocytes
were seeded onto it at a density of 5 million cells per cm®
(Fig. 1B) and finally fixed to the surrounding cartilage
using 5-0 Vicryl resorbable suture or transosseous
sutures, followed by fibrin sealing (Fig. 1C). Tibial oste-
otomy was fixed using two 4.5-mm cannulated screws
with 16-mm partial threads. X-ray imaging confirmed
the correct position of the final osteosynthesis (Fig. 1D).
Stability of the membrane was checked by flexion-exten-
sion movements. See the video of the technique in the
supplemental file.
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Postoperative Treatment

Patients underwent mobilization program with no weight-
bearing for the first 6 to 8 weeks followed by 6 to 12 weeks
of progressive weightbearing with crutches, which also
included the start of physical therapy sessions. At 4 months,
patients could also be involved in stationary bicycle ses-
sions and swimming. At 9 to 10 months, they were allowed
to jog slowly.

Clinical Outcome Assessments

Osteotomy consolidation was evaluated by X-ray at 2
weeks, 2 months, and 3 months after surgery. Treatment
effectiveness was assessed by evaluating pain with the
visual analogue scale (VAS) and American Orthopaedic
Foot & Ankle Society (AOFAS) ankle-hindfoot score™ at
baseline, 12 months, and 24 months follow-up. As consid-
ered by other authors,” we established the percentage of
“good” and “excellent” results according to the following
criteria: “good” when AOFAS score was 80 to 90 and
“excellent” when it was 91 to 100. Dorsal and plantar flex-
ions were also used to evaluate treatment success. Hence,
patients who had 0° to 20° of flexion were considered to
have complete dorsal flexion and those who did not reach
20° were considered to have incomplete dorsal flexion.
Similarly, patients having 0° to 45° of flexion were consid-
ered to have complete plantar flexion, otherwise, plantar
flexion was considered incomplete. As per study protocol,
magnetic resonance images (MRI) were taken in all patients
at 3-, 6-, 12-, and 24-month follow-ups. Images were
examined by an independent radiologist, blinded to surgi-
cal information and clinical outcomes, who looked for
adverse events such as the presence of swelling and bone
edema to evaluate treatment safety. Cartilage healing at 12-
and 24-month follow-up was assessed by the magnetic
resonance observation of cartilage repair tissue (MOCART)
score.’® To avoid bias, patients were examined and fol-
lowed-up by the same doctor and the same radiologist.
Return to sport and to patient’s normal life (working or
studying) was evaluated at 12- and 24-month follow-ups.

Histological Assessment

Osteosynthesis material was removed at least 1 year after
the surgery in all patients. At this moment, a second-look
arthroscopy was performed. Patients were asked to give
their consent for a biopsy to be taken for histological study
of neoformed tissue. Five out the 24 included patients
accepted. Biopsies from these 5 patients were fixed in 10%
buffered neutral formalin and paraffin embedded following
standard procedure. Paraffin-embedded samples were seri-
ally cut into 4-pum-thick sections, which were subsequently
stained with hematoxylin-eosin and Alcian blue.

Table I. Included Patients’ Demographics (N = 24).

Demographic n (%)
Age,® years 31 (18-55)
Gender

Male 14 (58.3)

Female 10 (41.7)
ICRS grade

Grade 3 9 (37.5)

Grade 4 15 (72.5)
Laterality

Right 15 (62.5)

Left 9 (37.5)
Number of previous surgeries

0 Il (45.8)

I 6 (25.0)

2 5(20.8)

3 2 (8.4)

ICRS = International Cartilage Repair Society.
*Age is expressed as median (minimum-maximum).

Statistical Analysis

Statistical analysis was performed using the SPSS 9.0 soft-
ware for Windows. Continuous variables were expressed as
the mean * standard deviation (SD) or median (minimum
and maximum). AOFAS ankle-hindfoot scale differences
were expressed as the mean and 95% confidence interval
(CI) of the mean. Normality was checked with the
Kolmogorov-Smirnov test. Comparison of VAS and AOFAS
scores at different moments in time was performed using
Friedman’s 2-dimensional analysis of variance (ANOVA)
for related samples. Pairwise comparisons were performed
using Wilcoxon signed-rank test for related samples. Mean
MOCART at 12 and 24 months were compared using
Student ¢ test for related samples (normal distribution) or
Wilcoxon signed-rank test for related samples (nonnormal
distribution). Categorical variables were expressed with the
absolute frequency and percentage. Evolution of these vari-
ables along the follow-up period was studied using cross-
tabs, whose statistical significance was determined using
Pearson’s x” test. Multivariate linear regression analysis was
performed to determine the effects of several epidemiologi-
cal, lesion- and procedure-related variables on AOFAS
improvement at 12-month follow-up and MOCART at
12-month follow-up. Regression coefficient estimations and
their 95% CI together with P values were reported. For all
comparisons and parameter estimations, a P value <0.05
(2-sided) was considered statistically significant.

Results

Characteristics of the 24 patients included in the present
study are depicted in Table 1. Patients’ median age was 31
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Figure 2. Topological location of lesions in ankle, according to the Elias et al.** classification.

years (range 18-55 years). As shown in Table 1, most
patients had at least 1 previous surgery in the same ankle
(13 patients, 54.2%). Previous surgeries included micro-
fractures in 7 cases, debridement in 2 patients, debridement
plus synovectomy in 1 case, mosaicplasty in 2 patients, and
mosaicplasty plus microfractures in the remaining patient.
One patient underwent an anterior talofibular ligament
(ATFL) surgery, performed arthroscopically during the first
step in which the cartilage biopsy was taken.

Since 2 patients had 2 lesions, total lesion number was
26. In these patients, both lesions were treated in the same
surgical act. Lesion size (mean *= SD), measured during the
implantation surgery, was 207.8 + 59.7 mm’. Nineteen
lesions (73.1%) had a medial location while the remaining
7 (22.9%) had a lateral location. Topographical location of
lesions is shown in Figure 2. A large number of lesions
were located in the equatorial area of talus, zone 4 being the
most frequently located area (16 out of 26 lesions: 61.6%).
All lesions were contained. The sandwich technique was
carried out in 8 patients (33.3%).

Pain distribution, measured with VAS at baseline,
12-month, and 24-month follow-ups (Fig. 3A), was statisti-
cally significant [baseline, 8 (5-10); 12-month follow-up,
1.5 (0-8); 24-month follow-up, 2 (0-5); P < 0.001;
Friedman’s 2-dimensional ANOVA for related samples].
Pairwise comparisons showed that statistical differences

were only found when baseline and 12- or 24-month fol-
low-ups were compared (P < 0.001 in both cases; Wilcoxon
signed-rank test) but no differences were found between 12-
and 24-month follow-up (P = 0.718; Wilcoxon signed-rank
test). Similarly, AOFAS ankle-hindfoot score distribution
(Fig. 3B) was also statistically significant when the 3 time
periods were compared (baseline, 39.5 (29-48); 12-month
follow-up, 90 (38-100); 24-month follow-up, 90 (40-100);
P < 0.001; Friedman’s 2-dimensional ANOVA for related
samples). AOFAS score behavior was similar to that
observed in VAS, so when pairwise comparisons were done,
statistical differences were found only between baseline
and 12 or 24 months (P < 0.001 in both cases; Wilcoxon
signed-rank test) whereas no differences were found
between 12 and 24 months (P = 0.660; Wilcoxon signed-
rank test) (Fig. 3B).

Percentage of patients with “good” or “excellent” results
was 75.0% at 12 months (9 out of 24, 37.5% patients with
“good” results and 9 out of 24, 37.5% patients with “excel-
lent” results). At 24 months, this percentage increased to
79.2% (8 out of 24, 33.3% patients with “good” results and
11 out of 24, 45.8% patients with “excellent” results).

Mean improvement of AOFAS score with regard to
basal determination was 42.1 (95% CI of mean: 34.4-49.9)
and 44.6 (95% CI of mean: 37.4-51.8) at 12 and 24 months,
respectively. No statistical significance was found in
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Figure 3. Box plot representations of visual analogue scale (VAS) (A) and American Orthopaedic Foot & Ankle Society (AOFAS)
ankle-hindfoot score (B) distributions at baseline, |2-month, and 24-month follow-up. Friedman’s 2-dimensional analysis of variance
for related samples was used for statistical comparisons. Pairwise comparisons were carried out with Wilcoxon signed-rank test.

AOFAS score improvement at 12 and 24 months when cat-
egories of gender, “sandwich” technique, laterality, loca-
tion, number of lesions, grade, and number of previous
surgeries were compared (Table 2). With regard to range of
motion, dorsal and plantar flexion distributions are shown
in Figure 4. Percentage of patients with complete dorsal
flexion significantly increased at 12 (16/24, 66.7%) and 24
months (17/24, 70.8%) with regard to baseline (13/24,
54.2%) (P = 0.002; Pearson’s x* test) (Fig. 4). Otherwise,
no differences in plantar flexion were found when baseline
(15/24, 62.5%), 12-month follow-up (21/24, 87.5%), and
24-month (18/24, 75.0%) follow-up were compared
(P = 0.457; Pearson’s X test) (Fig. 4).

Basline and 24-month follow-up MRIs from a represen-
tative case are shown in Figure 5. Significant differences in
the mean MOCART between 12- and 24-month follow-ups
were found (73.71 £ 15.99 vs. 72.33 £ 16.21; P = 0.008,
Student ¢ test for related samples) (Fig. 6). At 12-month
follow-up, 10 patients (41.7%) and 11 (45.8%) had nonin-
tact subchondral lamina and bone, respectively. Twelve
(50%) and 11 (45.8%) patients had nonintact subchondral
lamina and bone, respectively in 24-month follow-up MRI.

Multivariate linear regression analysis demonstrated that
gender, sandwich technique, laterality, location, number of
lesions, grade, number of previous surgeries and age have
no effects on AOFAS improvement and MOCART at
12-month follow-up (Table 3).

The number of patients with swelling and bone edema
are shown in Table 4. Percentage of patients with swelling
significantly decreased along follow-up with regard to
baseline (P = 0.003; Pearson’s x> test), while no differ-
ences in number of patients with bone edema were found
along follow-up (P = 0.135; Pearson’s x> test) (Table 4).
As shown in Table 4, one patient had swelling 2 years after

Table 2. Comparison of American Orthopaedic Foot & Ankle
Society (AOFAS) Ankle-Hindfoot Score Improvement at |12-
and 24-Month Follow-up among Categories of Epidemiological
Factors.

12-Month
Difference

24-Month
Difference

Mean = SD P Mean = SD P

Gender
Male (n = 10) 43.7 £ 17.6 0.585" 445+ 7.9 0.625°
Female (n = 14)  39.9 = 20.1 42.7 = 16.6
Sandwich technique
Yes (n = 8) 48.6 =87 0452° 496 + 7.1 0928
No (n = 16) 389 x 21.1 42.1 = 20.0
Laterality
Right (n = 15) 445 * 182 0238 454 + |54 0.558°
Left (n = 9) 382 = 19.1 41.0 = 20.0
Location
Medial (n = 19) 452 = 5.5 0.199° 449 = 16.1 0.626
Lateral (n = 7) 33.0 £ 245 40.3 = 20.7
Number of lesions
I (n=22) 43.6 = 17.6 0.181° 453 = |6.] 0.217°
2(n=2) 23.6 = 255 27.0 = 24.0
ICRS grade
Grade3 (n=9) 413 *£21.9 1.000° 464 = 18.1 0.347%
Grade 4 (n = I5) 42.6 = 16.7 42.1 = 168
Number of
previous surgeries
0(=11) 435+ 16.0 0468 465 + 102 0.737°
I (n=6) 50.3 = 129 485 = 17.1
2(n=25) 342 =228 374 =230
3(n=2) 300 =354 30.0 = 354

ICRS = International Cartilage Repair Society.
*Mann-Whitney U test.
®K ruskal-Wallis test.
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Figure 4. Number of patients with complete or incomplete dorsal (A) and plantar flexion (B) at baseline, at 12- and 24-month
follow-up. Statistical comparisons were performed with Pearson’s x* test.

surgery. This patient had had a previous surgery for a
debridement plus synovectomy. No malunions of osteot-
omy were observed in any patient. No further adverse
events were observed during follow-up.

Patient return to sport was also analyzed. Among the
24 recruited patients, 14 (58.3%) regularly practiced
sport before the cartilage lesion. Eleven of these 14
patients (78.6%) returned to sports 12 months after
HD-ACI. It is noteworthy that 2 of these 11 could return
to professional sports at the same level as before lesion
(soccer and judo). Another patient was a professional
dancer and although she could not professionally dance

anymore, she could continue doing sport. No changes
regarding return to sport was observed 24 months after
surgery. All patients returned to their normal life (19
patients returned to work and the remaining 5 were stu-
dents) 12 months after implantation and continued like
that at 24-month follow-up.

Second-look arthroscopic evaluation showed smooth
surface and stable repair tissue. Neoformed tissue
appeared to be well-integrated normal or nearly normal
cartilage surrounded by normal cartilage (Fig. 7A and B).
With regard to histologic analysis, in all cases tissue sur-
face was not scuffed, did not have inflammatory cells and
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Figure 5. Coronal and sagittal magnetic resonance imaging (MRI) from a representative case of an International Cartilage Repair
Society (ICRS) grade 3 osteochondral lesion located on the talus medial area (144 cm? American Orthopaedic Foot & Ankle Society
[AOFAS] score 48) (A, B). At 24-month follow-up, defect was filled by a smooth tissue very similar to hyaline cartilage (AOFAS
score 90; magnetic resonance observation of cartilage repair tissue [MOCART] score 84 (C, D). The persistence of abnormalities in

subchondral bone is noteworthy.

was neither calcified nor vascularized (Fig. 7C and D).
Hematoxylin-eosin staining showed that tissue synthe-
sized was cartilage with hyaline extracellular matrix and
numerous viable chondrocytes with rounded nucleus
(Fig. 7C). Chondrocytes were distributed in lagoons
made up of 1 or 2 nuclei. None of the cases showed kary-
orrhexis, nuclear necrosis, or atypical mitosis. Alcian
blue staining was diffusely positive in all cases, showing
the presence of acid mucopolysaccharides in extracellular
matrix (Fig. 7D).

Discussion

In this work, we describe clinical outcome of patients with
injured talar cartilage treated with HD-ACI, a new modality

of autologous chondrocyte implantation, which consists in
increasing the implanted cell amount at least 5-fold and has
been successfully used in the knee.®*' The number of
patients with 2-year follow-up included in present study is
quite similar to that found in literature. In a systematic
review, recently published by Erickson et al.*' only in 4 of
25 studies considered, the number of enrolled patients was
higher than ours.”****”** Our population had a median age
very close to patient’s age in other studies.>'®***' This age-
period matches one of the most active periods in life, in
which ankle joint cartilage damage due to physical exercise
or trauma is highly frequent.>*

Interestingly, more than a half of included patients (13
out of 24 patients: 54.2%) had at least one surgery with
microfractures, combined or not with mosaicplasty, as the
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Figure 6. Box plot representation of magnetic resonance
observation of cartilage repair tissue (MOCART) distribution at
12- and 24- month follow-up. Statistical comparison was carried
out with the Student t test for related samples.

most frequent procedure. Long-term studies in ankle and
other joints such as knee show that microfractures fail 2
years postoperatively'**** and so ACI is considered a res-
cue technique for previous procedures. Lesion size of
patients included was very close to that reported by Erickson
et al*" in which the average lesion size was 197 mm?, rang-
ing from 121 to 340 mm®. As with our patients, medial loca-
tion is the most frequent in all published patient series.”
Pain, evaluated with VAS, showed a significant improve-
ment at 12 months postoperatively with regard to baseline,
which was maintained without statistically significant
changes from 12 months to 24 months postoperatively.
Pain, as a response variable, is only considered in some
studies. Schneider et al.”® reported an improvement in pain
after a 3-year follow-up in patients treated with MACIL.
AOFAS ankle-hindfoot score was also used to evaluate
clinical outcome. We found that AOFAS score significantly
improved at 12-month follow-up (mean: 42.1 points) as
well as pain. Improvement was maintained 24 months post-
op (mean: 44.6 points). Erickson ef al.*' reported an average
improvement of 32.9 points (range 27.6-47.0).2* It is dif-
ficult to compare all these results, including ours, because
of the heterogeneity of used procedures for ACI (PACI,
open MACI, arthroscopic MACI or PACI and HD-ACI) and
different follow-up times (from 36 months to 10 years).
Minimum clinically important difference (MCID) is one
parameter that could be used to determine whether improve-
ment is perceived by patients as a real clinical improve-
ment. In the case of patients with cartilage damage in talus,
treated with ACI, MCID for AOFAS score has not been
established yet. Recently, MCID for AOFAS in patients
with hallux valgus surgery has been established between

7.9 and 30.2 points.** Although, they are different patholo-
gies, it could be suggested that the improvement observed
not only in our patients but also in those from other stud-
ies, 233424 ¢could be perceived by patients as clinically
important. However, this interpretation should be taken
cautiously and deserves further research.

After cartilage repair, MOCART scoring system can be
used to evaluate cartilage healing degree through MRI.*® In
our work, we have found similar score values to those
reported by other authors after ACL**® Furthermore,
MOCART significantly decreased from 12 to 24 months
after HD-ACI. We do not have a clear explanation for this
fact, but similar results have been published by McCarthy
et al.*’ in patients treated with ACI in the knee. In spite of
the good AOFAS improvement at 12- and 24-month follow-
ups, a relatively high number of patients showed MRI
abnormalities, actually related to subchondral lamina and
bone. These findings are in accordance with those published
by Chan et al.* who demonstrated that good clinical out-
comes are not always accompanied by normal MRI. They
conclude that although MRI is a good tool to evaluate ACI
grafts, results should be taken cautiously.**

Existence of prognostic factors that could predict the
response to ACI is controversial®*' 232441434849 geveral stud-
ies have found that age,”****" defect depth,* or duration of
symptoms® could affect response to ACI treatment. In our
study, no prognostic factors possibly related to ACI response
have been found. Specifically, no statistically significant
relations between response at 12 and 24 months with age,
lesion size, or symptom duration and lesion depth reflected
by the use of “sandwich” technique were found. However,
there is not a unanimous opinion about the existence of such
factors, which could reflect patient heterogeneity included
in published case series.

Range of motion, studied as the dorsal and plantar flex-
ion changes before and after the surgical procedure, was
included as 2 secondary response variables. Only signifi-
cant differences were observed in dorsal flexion at 12 and
24 months with regard to baseline. Return to sports or to
patient’s normal life is one way to evaluate efficiency and
patient quality of life after implantation. All patients
included in this study returned to their normal life after 12
months and a high percentage of patients who used to prac-
tice sports returned to sports at the same level as before
implantation. Buda et al.’' have published similar results
concerning return to sports in a study comparing ACI with
bone marrow—derived mesenchymal cell implantation.
These results suggest that HD-ACI and other ACI modali-
ties may be responsible for patient recovery after talus car-
tilage lesion treatment.

During follow-up, no serious adverse events were
observed. Only 1 patient continued having swelling at 24
months postoperatively. Bone edema development has been
reported in patients treated with ACI in knee.*”>* In the
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Table 3. Multivariate Linear Regression Analysis of Different Factor Effects on the AOFAS Difference at 12 Months With Regard to

Baseline and on the MOCART at |2-Month Follow-up.

12-Month Improvement AOFAS

MOCART at |12 Months

Variables Regression Coefficient (95% ClI) P Regression Coefficient (95% ClI) P
Gender

Female —1.305 (—22.374, 19.764) 0.896 -3.518 (-20.388, 13.352) 0.660
Laterality

Right 0.142 (—18.802, 19.086) 0.897 1.326 (—13.842, 16.495) 0.853
Location

Medial 18.719 (—-15.017, 52.455) 0.252 21.915 (-5.098, 48.927) 0.103
Number of lesions

| 9.059 (—25.404, 43.522) 0.580 —-16.636 (—44.231, 10.958) 0.215
Grade

Grade 3 22.166 (—11.176, 55.508) 0.175 11.860 (—14.836, 38.557) 0.355
Sandwich technique

Yes 13.254 (-13.796, 40.304) 0.309 —3.291 (-24.950, 18.369) 0.748
Previous surgeries

0 4.968 (—31.305, 41.241) 0.772 16.574 (—12.471, 45.618) 0.239

| 18.635 (—17.777, 55.047) 0.289 16.353 (—12.793, 45.518) 0.247

2 —7.003 (—47.539, 33.534) 0.715 —12.525 (-44.983, 19.934) 0.420
Age —0.295 (—1.442, 0.853) 0.588 —0.223 (-1.142, 0.695) 0.608
AOFAS = American Orthopaedic Foot & Ankle Society; MOCART = magnetic resonance observation of cartilage repair tissue.
Table 4. Swelling and Bone Edema Distribution among Patients at Baseline and Follow-up.”

Swelling Bone Edema
Yes No P Yes No P

Baseline 9/24 (37.5%) 15/24 (62.5%) 0.007 7124 (29.2%) 17124 (70.8%) 0.472
3 months 3/24 (12.5%) 21/24 (87.5%) 2/24 (8.3%) 22/24 (91.7%)
6 months 2/24 (8.3%) 22/24 (91.7%) 4/24 (16.7%) 20/24 (83.3%)
12 months 2/24 (8.3%) 22/24 (91.7%) 3/24 (12.5%) 21/24 (87.5)
24 months 1/24 (4.2%) 23/24 (95.8%) 3/24 (12.5%) 21/24 (87.5)

*Pearson’s x* test was used for statistical comparisons.

present study, patients with bone edema at baseline and
follow-up were found, but no relationship with improve-
ment was observed. This result is in agreement with that
found in knee where no correlation between bone edema
and outcome worsening was observed.

Second-look arthroscopy performed 1 year after implan-
tation, at the time of osteosynthesis material removal,
revealed a neoformed tissue very close to hyaline cartilage.
In 5 patients, it was possible to take a second-look biopsy
after the osteosynthesis material was removed, finding hya-
line-like cartilage tissue in all cases. Both results suggest
that cartilage defect is filled up by hyaline or hyaline-like
cartilage 12 months after HD-ACI.

The main weakness of the present study is the small
number of included patients (and the few patients with a
second-look biopsy). With respect to the small sample
size, as discussed above, all publications on ACI have
similar case-series due to low prevalence of talar cartilage

defects. In relation to the small number of patients with a
neoformed tissue biopsy, results found in these 5 patients
were consistent to make us think that HD-ACI is able to
induce hyaline cartilage synthesis, at least in patients who
respond to treatment. This result can be supported by the
fact that previous studies performed in sheep animal
model demonstrate that increasing chondrocyte dose
improves neoformed hyaline cartilage quality.”’ Similar
results have been published by other authors®* who found
hyaline cartilage and some components of tissue remodel-
ing in responder patients to ACI but fibrocartilage in
patients with treatment failure. The main strength of the
present study is that the clinical results obtained were very
robust despite heterogeneity of included patients.

Taking all these results together, we can conclude
that HD-ACl is a safe and effective technique to treat osteo-
chondral lesions of the talus, providing good clinical and
histological results at short- and mid-term follow-ups.
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Figure 7. A representative case of second-look arthroscopy and histological study. Second-look arthroscopic evaluation showed
smooth surface and stable repair tissue (indicated by arrows) (A, B). Hematoxylin-eosin (C) and Alcian blue staining (D). Arrows
show how chondrocytes are distributed in lagoons, alone or in couples. 200X magnification.
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