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ABSTRACT

Regenerative medicine is a novel medical discipline with very
promising perspectives for the treatment of numerous human
disease conditions. In many such conditions it is still in the ex-
perimental phase. One of the fields in which the greatest ad-
vances have been made is cartilage treatment, ranging from
the use of autologous chondrocyte cultures in a liquid medi-
um to the utilization of biomaterials such as type I/IIl collagen
membranes, and lastly cell dose augmentation with the Instant
CEMTRO Cell (ICC) implantation of chondrocytes in membrane
technique. In this regard, in Outerbridge grade II1/IV cartilage le-
sions of the knee, ankle and now also the hip, the ICC technique
can be used to regenerate the cartilage tissue.

This is a regenerative medical technique, since hyaline cartilage
tissue is formed with the same structure and function as the
healthy joint cartilage. Furthermore, patients experience excel-
lent functional recovery and are often able to return to sports
activities.
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Introduction

Although cartilage damage is most often of idiopathic or
degenerative origin, joint cartilage injuries are also fre-
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RESUMEN
Instant CEMTRO Cell (ICC), implante de condrocitos autologos
de alta densidad

La medicina regenerativa es una nueva disciplina de la medicina,
con un futuro muy prometedor para el tratamiento de muchas
dolencias que aquejan al ser humano. Para muchas enfermeda-
des todavia esta en fase de experimentacion. Uno de los campos
en los que mas ha avanzado es en el tratamiento del cartilago,
desde la utilizacion de cultivos de condrocitos autologos en me-
dio liquido, al empleo de biomateriales como la membrana de
colageno I/11l'y, finalmente, al aumento de dosis celular en la
técnica ICC. Por ello, en las lesiones de cartilago de grado HlI/IV
de Outerbridge de rodilla, tobillo y ahora ya en cadera, podemos
usar la técnica de implante de condrocitos en membrana (ICC),
consiguiendo la regeneracion del tejido cartilaginoso.

Se trata de medicina regenerativa, pues se forma un tejido carti-
laginoso de naturaleza hialina con la misma estructura'y funcion
que el cartilago articular sano. Ademas, los pacientes presentan
una recuperacion funcional excelente, consiguiendo la vuelta al
deporte en muchas ocasiones.

Palabras clave: Condrocito. Regeneracion. Cartilago. Terapia celular.

quently caused by traumatisms (Figure 1A), i.e., joint trauma,
followed by osteochondritis dissecans (OCD)™? (Figure 1B).

Other factors that also result in joint degenerative
changes comprise articular instabilities secondary to fail-
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Figure 1. Arthroscopic view of osteochondritis dissecans of the
external femoral condyle.

ures that cause meniscal and cartilage damage due to
shearing forces or misalignments of the knee joint axis. As
a consequence of overload or compression mechanisms,
these situations induce progressive joint damage that
may prove asymmetrical by affecting the internal, external
or femoropatellar compartment on an isolated basis. On
progressing, these disorders ultimately result in tricom-
partmental alterations with generalized osteoarthrosis of
the knee, in which the treatment options are limited to
joint replacement surgery or joint fixation?.

The chondral defects may be partial or complete, de-
pending on whether the full thickness of the cartilage is
affected, with involvement of the subchondral bone. In
this case a repair mechanism is activated that does not
produce normal cartilage but rather repair tissue lack-
ing the biomechanical characteristics of healthy hyaline
cartilage, due to a decrease in type Il collagen, which is
replaced by type | collagen. In addition, the chondrocytes
are replaced by fibroblasts, which are unable to produce
an extracellular matrix with the adequate concentration of
type Il collagen® (Figure 2).
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Figure 2. Arthroscopic view of the repair tissue in two osteochon-
dral lesions of the internal femoral condyle.

Classification of cartilage lesions

Although there are a number of classifications for assess-
ing the degree of joint cartilage damage, the most wide-
ly used option is the classification of Outerbridge (1961),
which defines four grades®® (Figure 3):

- Grade [: softening or edema of the cartilage surface.

- Grade lI: fissures or fragmentation affecting a surface
of less than 1.25 cm in diameter.

- Grade IlI: fissures or fragmentation affecting a surface
of over 1.25 cm in diameter.

- Grade IV: erosion of the cartilage extending to the
subchondral bone.

Figure 4 shows arthroscopic images of lesions corre-
sponding to grade Il (Figure 4A), grade Il (Figure 4B) and
grade IV (Figure 4C).

The classification of the International Cartilage Repair
Society (ICRS) also establishes four grades, but moreover
contemplates sub-grades?” (Figure 5):

- Grade 0: normal.

- Grade 1: near normal.

37



Instant CEMTRO Cell (1CC), high density autologous [...]

Figure 3. Outerbridge grading of joint cartilage lesions.

- A: superficial fibrillation or softening of the cartilage.

- B: superficial fissures or lacerations.

- Grade 2: abnormal, lesions corresponding to <50% of
cartilage depth.

- Grade 3: severely abnormal.

- A: lesions corresponding to >50% of cartilage depth,
without reaching the calcified layer.

- B: lesions corresponding to >50% of cartilage depth,
reaching the calcified layer.

- C: complete defect, with involvement of the subchon-
dral bone plate.

- D: blistering appears.

- Grade 4: severely abnormal.

- A: osteochondral lesions extending to the subchon-
dral bone plate.

- B: deep defects affecting the trabecular bone.

The classification of cartilage lesions allows definition
of the lesion and may contribute to establish a treatment
protocol. Although the classifications are not one hundred
percent reliable, there appears to be agreement on their
use - especially those classifications based on direct vis-
ualization®.

Improvements in knowledge of cartilage disease and
in radiodiagnostic imaging techniques will allow the defi-
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Figure 4. Arthroscopic views of the Outerbridge chondral lesion
grades. A: grade | lesion; B: grade I lesion; C: grade Il lesion.

nition of reliable classifications, before arthroscopy be-
comes necessary - thereby allowing us to treat the carti-
lage from the first lesion grades.

Regenerative medicine
Regenerative medicine - a term introduced by William Ha-
seltine in 1999 - has been one of the major scientific devel-

opments of recent years, assisted by the great biological
advances made following decoding of the human genome

Rev Esp Artrosc Cir Articul. 2021;28(1):36-49
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to less than half of total
cartilage depth

GRADE lIl. Lesion extending beyond half of total cartilage GRADE IV. Osteochondral lesion

depth, without reaching subchondral bone

Figure 5. Schematic representation of the classification of joint cartilage lesions of the Inter-
national Cartilage Repair Society (ICRS). Figure adapted from the chondral lesion assessment
form. ICRS Cartilage Injury valuation Package; 2000. Retrieved from: https://cartilage.org/con-
tent/uploads/2014/10/ICRS_evaluation.pdf.

and epigenome®. The genome contains the instructions
referred to the definition of our cells and how they are go-
ing to function, while the epigenome provides the instruc-
tions that regulate gene activation and cell functions. Re-
generative medicine is a branch of translational research
focused on the replacement of damaged cells, tissues or
organs, with a view to restoring their structure and func-
tion. The main objective of this new field in medicine is to
restore functions or organs that have been lost, and this
could be achieved from different perspectives!™,

matrix.

Normal tissue essentially
consists of three components®?:
Extracellular matrix, or
the combination of materials
of a complex biochemical na-
ture that surround and embed
the cells, providing support and
acting as a framework for the
tissues. The extracellular matrix
interconnects the cells within
a tissue, serving as a cohesive
and integrating medium that
is essential for ensuring that
the cells work in a cooperative
manner.

Chemical mediators, or
molecules that act via receptors
as communication signals be-
tween the external medium and
the cells that conform the tis-
sue, with the capacity to modu-
late cell responses.

- Cells, which are the living
functional units of the tissues
and are able to divide and syn-
thesize molecules to interact
with the medium.

The next level of organiza-
tion is represented by organs,

which are composed of two or more different types of tis-
sues with the purpose of performing a concrete function.
Finally, tissues and organs group to form systems that car-
ry out certain physiological functions such as for example
breathing or digestion®.

Thus, what we do is create a tissue from the cells it is
made of. These are the cells that produce the extracellular

Regeneration versus repair

Cells, tissues, organs and systems

All tissues undergo constant renewal, with cell death and

During embryonic development, a cell (the zygote) multi-
plies to give rise to more cells. These in turn divide and
differentiate according to the functions they will carry out
later on, and finally give rise to the whole individual™. In
the course of this process, the cells organize into structures
of increasing complexity. The cell is the basic morpholog-
ical and functional unit of life. In multicellular organisms,
tissues constitute the first level of cell organization. Tissues
are composed of different cells that share a common em-
bryonic origin and act together to perform a common func-
tion. There are four main types of body tissues, according
to their structure and function: epithelial tissue, connective

tissue, muscle tissue and nervous tissue. cases)™,
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tissue renovation. This is a constant process, and its dura-
tion, and particularly the extent of renewal, depend on the
type of tissue involved. On the other hand, this process is
not perfect, and its efficiency decreases with aging - a fact
that sometimes may give rise to diseases and is ultimately
related to the aging process. The restoration of a damaged
tissue or organ may occur via two independent pathways:
regeneration (when tissue identical to the damaged tissue
is formed) or repair (when tissue of similar but not iden-
tical characteristics is formed, and which in some cases
may simulate the functions of the original tissue - as with
scarring following a skin wound - though not so in other
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The cell as a medication

Regenerative medicine combines cell biology techniques
with other disciplines for the production of new organs
and tissues™. This new approach to organ and tissue
substitution was introduced in the late twentieth and
early twenty-first century, with the cell as the element
playing the true leading role‘™. The trajectory started in
the nineteenth century when scientists such as Roux and
Ringer developed techniques for the in vitro culture of
cells, in which the latter were removed from their natural
environment. Over the remaining years of that century,
and particularly throughout the twentieth century, these
techniques were gradually improved upon, and a great
variety of technological advances were introduced, such
as laminar flow chambers, cell incubators, bioreactors
or white rooms, among others, that have allowed cell
cultures to be performed on a routine and (particularly)
safe basis - avoiding contamination by microorganisms
as the main problem in such processes. All this currently
allows us to speak of cells as a medication, since they
can be cultured under the same conditions and in en-
vironments as sterile and controlled as those found in
relation to medicinest™.

However, in order for cell application as a medica-
tion to be safe, it is necessary for regulatory agencies to
intervene in the corresponding utilization and of course
manufacturing processes. In 2007 a European Directive
was introduced, defining for the first time these new
medications based on the use of cells. The Directive en-
compassed them within a new category of drugs called
advanced therapy medicinal products, and which in-
clude three types of medications™. The term "advanced
therapy" is curious, though the authorities underscore
that it is not intended to downplay the importance of
traditional medicines. Rather, the term refers to the fact
that these are medications in which the main compo-
nent is alive, and that it is mainly obtained through the
culture of cells from higher organisms and following a
long research process. Within this category of advanced
therapy medicinal products, three types can be distin-
guished: cell therapy, tissue engineering and gene ther-
apy™ (Table 1).

The mentioned European Directive further establishes
the way to culture these cells which will play a therapeutic
role: since they are medicines, the cells must be cultured
in a"clean" or sterile environment that is the same as that
used to manufacture other medications™®. In order for
these cells to reach the category of medicinal products,
the Directive moreover requires their "manufacture" or
more exactly their culture process to adhere to a series
of quality standards referred to as Good Manufacturing
Practices (GMP)(®). Only in this way can cells constituting
an advanced therapy medicinal product guarantee the re-
quired therapeutic quality for use in humans®.
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Table 1. Characteristics of the different types
of advanced therapies

Type Characteristics

Cell therapy Cells

Cells with biomaterial serving as a framework
for the tissue or organ to be reconstructed

or regenerated, and also acting as a carrier
for the cells

Tissue engineering

Gene therapy Genetically modified cells

Consolidated therapies

In the year 2014, the Spanish Official State Bulletin (Boletin
Oficial del Estado) published a Royal Decree regulating
the non-industrial production of medicinal products, with
mention for the first time of concepts such as exclusion
clauses and consolidated therapies. The special nature of
advanced therapy medicinal products was recognized for
the first time, and in particular a fundamental difference
was underscored with respect to traditional medicinal
products in relation to production. In effect, while tradi-
tional medications are manufactured in industrial plants,
medications based on cells are usually produced in white
rooms located in facilities with GMP certification, and not
on an industrial basis - particularly in the case of cell-
based medications of an autologous nature™. The men-
tioned Royal Decree establishes that all cell therapies, ex-
cept those recognized as consolidated therapies, must go
through all the clinical research phases until receiving ap-
proval as medicinal products. Consolidated therapies are
treatments whose efficacy and safety have been demon-
strated over years of use in humans, before cell therapies
became classified as medicinal products, with abundant
supporting scientific evidence. The Decree acknowledges
three consolidated therapies: keratinocyte culture for the
treatment of skin burns; corneal limbal cell culture for the
treatment of corneal ulcers; and autologous chondrocyte
culture for the treatment of focal joint cartilage damage.

Implantation of autologous chondrocytes in
suspension

Autologous chondrocyte implantation (ACI) is based on
the use of autologous chondrocytes in suspension‘®. The
chondrocytes are isolated from a cartilage biopsy sam-
ple taken from a non-weight bearing zone, and are then
cultured and implanted in the damaged cartilage region,
where they contribute to its regeneration™®. This method
allows the successful repair of joint defects with a surface
of less than 10 cm?, and with a depth that may even reach

Rev Esp Artrosc Cir Articul. 2021,28(1):36-49
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the subchondral bone. In this technique, the chondrocytes
are grafted into the chondral or osteochondral defect un-
der a periosteal patch obtained from the tibia, and which
is sutured to the cartilage™®™. Cartilage regeneration oc-
curs in most cases (almost 80% of all treated cases), with
a considerable decrease in pain and inflammation, and
substantial improvement of joint mobility®2.

Autologous chondrocyte implantation in a liquid me-
dium is a technique that affords very good results, though
it does pose some problems®. Firstly, implantation of the
cells during the surgical procedure is complicated, since
they are contained in a liquid medium, with handling dif-
ficulties, and cannot be applied via arthroscopy. Further-
more, the implant zone must be covered with periosteum,
which poses two problems. Firstly, the harvesting of peri-
osteum requires greater surgery in that the tibia must be
accessed, and this increases the morbidity associated to
the technique. Secondly, since this is a living tissue, hy-
pertrophic growth may result, with posterior delamination
of the implant®.

This technique began to be used in Spain in 1996 for
the treatment of cartilage lesions of the knee and ankle.
The cultures were first made in Sweden and posteriorly in
the United States, and were shipped to Spain under con-
ditions optimum for survival of the cells. Cell culture was
performed under two indications:

- When arthroscopic evaluation considered ACI to be
appropriate: immediate indication.

- When the patient continued to experience problems
following an arthroscopic treatment (microfractures, per-
forations), and ACI was then prescribed as rescue therapy:
late indication.

Accordingly, between 1996-2001, the cumulative series
of the Clinica CEMTRO comprised a total of 223 biopsies,
with ACI therapy performed in 152 of them. A total of 152
patients were operated upon, with a mean age of 30 years
(range: 14-56 years), 125 males and 27 females (Figure 6A).
With regard to the professions of these patients, 101 were
athletes while the rest had sedentary occupations.

The number of defects treated and their location are
described in Figures 6B and 6C. The mean defect size was
61 cm (range: 1.5-13.5 cm).

With regard to the ankle lesions, the location was in
the astragalus in all 6 cases: the upper-internal quadrant
in four cases and the upper-external quadrant in two. One
of these cases was the first case reported in the world of
the application of the technique to ankle lesions. A malle-
olar osteotomy (external or internal) was performed in all
6 cases, followed by fixation with a screw. Immobilization
was not used, and the patients were able to mobilize the
ankle immediately. Weight bearing was avoided during
8-10 weeks.

Overall, the outcomes have been very good, with fol-
low-up extending from 1996 (when the first case was im-
planted) and 2001 (when the next technical modality was
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M males
B Females

M Less than 2

M Between 2-4
Between 4-6
Between 6-8

B More than 8

M Lateral femoral
condyle

B Medial femoral
condyle

B Ankle

C

Figure 6. Gender distribution of the patients treated with autol-
ogous chondrocyte implants (A), number of chondral defects
treated (B) and their location (C).

adopted) to date (17-22 years of follow-up). Seventy-five
percent of the patients have been able to lead a normal
life, including elite sports activities in some cases. Thus,
the ACI technique has yielded very satisfactory results.

The use of carriers in cell therapy. Implantation of
autologous chondrocytes on collagen membranes

The application of ACI on a carrier or scaffold has been a
great advance in the treatment of joint cartilage lesions.
One of the most commonly used techniques worldwide is
the matrix-assisted autologous chondrocyte implantation
(MACI), in which a type I/11l collagen membrane of porcine
origin is used as biomaterial®??, This technique is based
on a modification of the ACI procedure, involving the use
of a collagen membrane that acts as a biological support
in which the chondrocytes are integrated after culture®@.
This technical variant is employed to cover the cartilage
defect with the mentioned membrane instead of using
periosteum (as a patch). An advantage of MACI is that it
can be performed with arthroscopic techniques and, since
no periosteum is required, surgery is simpler®. Since in
this case implantation was made with a membrane, in
our centre we designed special instruments to facilitate
placement of the cultured cells (Figure 7).

The inconvenience of this technique is that the placed
cell concentration is low: 1,000,000 cells per cm?

The results obtained with this variation of the tech-
nique have been very good, and by using the arthroscopic
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Figure 7. Proprietary surgical instruments developed for autolo-
gous chondrocyte implantation.

approach itis still possible to achieve practically complete
regeneration of the joint surface in a high percentage of
cases through the formation of hyaline cartilage rich in
type Il collagen®2®),

In the Clinica CEMTRO, the MACI technique was used
in 174 patients during the period 2001-2010. The results
of the 50 patients treated with MACI in our centre were
published in 201569,

The mean patient age was 26 years (range: 14-48 years).
In 42 cases the lesion was located in the knee and in 8 cases
in the ankle. The preoperative diagnosis was osteochondritis
dissecans (OCD) in 38 cases. Of the 50 patients, only 9 had

Number of patients

Number of previous surgeries

Figure 8. Number of previous surgeries among the patients sub-
jected to the matrix-assisted autologous chondrocyte implanta-
tion (MACI) treatment.

not undergone any previous surgery. In 42 cases previous
surgery had been performed, mainly in the form of arthros-
copies or surgeries for the treatment of OCD (Figure 8).

The defect size was less than 2 cm? in 35 cases. Im-
plant success was assessed on the basis of pain variation
before and after surgery using the visual analogue scale
(VAS). This scale scored pain as follows:

- 0-3: no pain or discomfort.

- 3-6: pain allowing normal activities of daily living, but
not sports.

- 6-10: pain limiting normal activities of daily living.

As can be seen in Table 2, a significant decrease was

Table 2. Number of Instant CEMTRO Cell (ICC) implants performed since 2010. Affected
joints, number of lesions and hospital centres that have performed this technique

Hospital centres that have performed the ICC autologous chondrocyte implantation technique

Nisa
Clinica FREMAP Begoiia ASEPEYO | ASEPEYO | Clinicala Hospital Pardo- Dr. Peset Total
CEMTRO Madrid Gijon Madrid Barcelona | Zarzuela Donostia | Aravaca/ Valencia centres
Valencia
No. of patients surgically operated upon for ICC implants
Location of the
lesions
Knee 160 1 9 3 1 8 3 16 21
Ankle 39 5 1 1 1 14 61
Hip 2 1 3
Total ICC implants
Total implants 201 | 16 | 10 | 3 | 1 | 1 | 8 | 3 | 30 | 275

Data updated on 22 July 2019
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Figure 9. Regenerated cartilage tissue following matrix-assisted autologous chondrocyte im-
plantation (MACI). Note the limited cellularity (A) with the chondrocytes forming clusters (B).

recorded in the percentage of patients with pain before
and after surgery (p < 0.0001; Pearson chi-square test).

Mobility after surgery was complete in all but four cases,
which presented limitation over the last degrees of flexion.
Of the 50 patients, 32 (64%) were able to resume their sports
activities while 21 (36%) did not return to the sports activ-
ities they had before the injury - though in a number of
cases some type of sports proved possible, such as swim-
ming or bicycling. Percentage improvement among the pa-
tients that had undergone previous surgery was 69% versus
89% among those without previous surgery (Fisher exact
test; p = 01442). Although the difference was not statistically
significant, the outcomes tended to be better among those
individuals that had not undergone previous surgery.

In 5 cases a biopsy of the regenerated tissue could be
obtained two years after implantation. The histological
study revealed chondrocytes surrounded by a cartilaginous
matrix, distributed in clusters, and with a columnar distri-
bution in some areas (Figure 9).

non-permeable smooth surface
that prevents the cells from
"escaping" from the membrane
into the joint cavity (Figure 10).

The properties of the type I/
Il collagen membrane that make
it suitable as a biomaterial for
chondrocyte implantation are:

- The carrier is mechanically
stable.

- It is biocompatible.

- The membrane is resistant
and can be applied to the de-
fect using biological fibrin glue;
suturing is also possible.

- The membrane is biode-
gradable and is reabsorbed within 3-6 months.

This membrane, which is also used in the MACI implant,
does not require the use of periosteum, and the procedure
can be carried out via arthroscopy - suturing the implant
to the bone tissue and sealing with fibrin glue (Figure 11).

During preparation of the method, we considered it
interesting to use a modification of the MACI technique,
for although the results obtained were good, the newly
formed cartilage was softer and presented less cellularity
than the original tissue. In the MACI technique, the cells
are cultured until reaching a count of 20-30 million (ap-
proximately 6 weeks of culture), which is the amount ap-
plied in the collagen membrane measuring 20 cm? in size;
the cell density therefore is one million cells per cm? of
damaged zone. Thus, according to this technique, in the
case of a lesion measuring 2 x 2 cm? in size, we actually
would be implanting four million cells, with a "waste" of
16 million (Figure 12).

Instant CEMTRO Cell: high
density autologous
chondrocytes implantation

In 2008, the Clinica CEMTRO, to-
gether with Laboratorio Ampli-
cel, started the development of
a proprietary ACI method based
on membranes for the treat-
ment of cartilage lesions®”. This
technique also uses the same
biomaterial as in MACI, ie., a
type 1/11l collagen membrane of
porcine origin. The membrane
has a permeable rough surface
where the cells are deposit-

SMOOTH SURFACE
Impermeable, retains the cells

ROUGH SURFACE
Three-dimensional type 1/l
collagen structure where the
cells are applied

ed, followed by placement in

contact with the lesion, and a cyte implantation.

Rev Esp Artrosc Cir Articul. 2021;28(1):36-49

Figure 10. Chondro-Gide® membrane (Geistlich) used for Instant CEMTRO Cell (ICC) chondro-
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Figure 11. Examples of bone suturing of the collagen membrane with cells.

Membrane measuring 5 x 4 cm2 with 20 million cells

The rest of the membrane I\
with cells is discarded &

Total number of implanted cells:
6 million

Lesion size: 2 x 3 cm?

The entire culture is seeded in the
membrane (20-30 million cells)

\4
N/
Q ..?’» ‘.

Cell culture:
20-30 million cells

Figure 13. Schematic representation of Instant CEMTRO Cell (ICC) autologous chondrocyte im-
plantation.

Our modification involves
elevating the cell density in the
membrane with the aim of ap-
plying a greater number of cells.
The results obtained from our
tests to optimize cell density on
the membrane showed that the
cell dosage could be increased
5-fold®.

In this procedure, during im-
plant surgery we measure the le-
sion and trim the membrane ac-
cording to the shape and size of
the former. Once the membrane
has been trimmed, the entire au-
tologous chondrocyte culture is
applied onto it (5 million chon-
drocytes per cm? of membrane),
and after the required waiting
time (10 minutes) to ensure ab-
sorption, it is implanted in the
patient. This improves the yield
of the technique. We call this
modification Instant CEMTRO
Cell (ICC) or high density autol-
ogous chondrocyte implantation
(HD-ACI). Figure 13 provides a
schematic representation of the
ICC technique and the main dif-
ference with respect to the MACI
procedure.

Instant CEMTRO Cell
autologous chondrocyte
implantation procedure

Our proposal to increase the
cell dosage (5 million cells/cm?
of lesion) affords notorious im-
provement of the results. Fig-
ure 14 provides a schematic rep-
resentation of the ICC procedure.

Production process

Figure 15 schematically pre-
sents the autologous chondro-
cyte culture process under GMP
conditions. Good Manufactur-
ing Practices (GMP) are known
as Total Quality Management
standards, and ensure that all
the variables interveningin pro-
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The membrane is trimmed
ﬂ to the size of the lesion

The cartilage biopsy is obtained
and sent to the laboratory

The cells are applied
in the membrane

Clinical application of the
Instant CEMTRO Cell high
density chondrocyte
implantation procedure

In the period between 2010
and 2018, a total of 245 patients
underwent ICC in the Clinica
CEMTRO and other hospitals
(Table 3) for the treatment of
chondral defects of the knee,
ankle and hip.

Careful patient selection
is important in order to se-
cure good outcomes with ICC
therapy. The ICC technique is
indicated for the repair of Ou-
terbridge grade IlI-IV or ICRS

Figure 14. Schematic representation of the Instant CEMTRO Cell (ICC) chondrocyte implantation

procedure.

duction are fully controlled - ensuring the quality of all
the cultures produced.
The following analytical con-

grade Il1-1V symptomatic chon-
dral and osteochondral lesions
of the joints. More than one le-
sion of the same joint can be
treated, according to the crite-

rion of the traumatologist. The lesions may be caused
by acute trauma (e.g., falls), repetitive trauma (as in

trols are carried out during the
cell production process:

a) Sterility test: this is per-
formed in four phases of the pro-
cess.

b) Mycoplasma test: Myco-
plasma is an intracellular bac-
terium that can contaminate cell
cultures and is difficult to detect,
since it does not cause turbidity
of the culture medium. This test
is performed in three phases of
the production process.

c) Bacterial endotoxins test:
this is performed at a single
point of the process.

d) Cell phenotyping: one of
the problems that can arise dur-
ing the cell production process
is that the cells may undergo
dedifferentiation over the suc-
cessive passages (subcultures).

In the case of chondrocytes,
phenotyping is made using real
time polymerase chain reaction
(PCR) technology to determine
the expression of type Il colla-

Collagenase digestion

Cartilage biopsy ’ Sterility control
1 If no. cells > 20,000
Sterility control

Start culture V Mycoplasma control
Sterility control

V Mycoplasma control} 2nd passage

Medium replacements
Trypsinization, t = 4-6 weeks
Sterility control

Mycoplasma control
Endotoxins

Last passage

Phenotyping:

Colll
Aggrecan
FINAL PRODUCT
SEND TO CEMTRO Cell

OPERATING ROOM

gen and aggrecan (genes char-
acteristic of hyaline cartilage).
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Figure 15. Schematic representation of the autologous chondrocyte production process (cell
culture) under Good Manufacturing Practice (GMP) conditions.
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incorrect knee support during
a long period of time), or OCD.
The ICC technique is indicated
for all synovial joints (knee,
ankle or hip), though it is most
commonly used in applica-
tion to the knee and ankle. If
the joint presents some other
meniscal lesion, luxation, in-
stability or axial alteration, it
must be treated independent-
ly and before the cartilage im-
plant, or in the same surgical
procedure.

The general ICC implanta-
tion procedure is as follows
(Figures 16 and 17):

- Arthroscopy is used to ob-
tain a biopsy from a non-weight
bearing zone.

- The biopsy is sent to the

»
{

TRy
). \\ k’ ;

cell therapy laboratory for cell Figure 16. A: biopsy obtainment; B: cartilage sample (amount 3-4 g with size of rice grains);
culture. C: cell culture in white room under GMP conditions; D: after 6-8 weeks the adequate number

- After 4-6 weeks the re- of cells for implantation are obtained (20-30 million, depending on the size and number of
quired number of cells are ob- lesions); E: cell seeding in the membrane (biomaterial) in the operating room, at a density of 5
tained, depending on the num- million cells/cm? F: implantation of the membrane with cells. Membrane suturing.

ber of lesions and their size
(5 million cells/cm? of lesion).

- During cell implantation, the membrane is trimmed
according to the shape and size of the lesion, and the en-
tire cell culture (at least 20 million cells) is seeded in the
membrane.

- Once the cells have been absorbed by the membrane,
the latter is implanted at the lesion site.

Table 3. Evolution of pain, effusion and mobility from the
baseline visit to 24 months of follow-up

Baseline ‘ 6 months 12 months | 24 months p*
No. of patients surgically operated upon for CEMTRO Cell implants
Yes 50 (100%) 18 (36%) 17 (34%) 11 (22%)
Pain <0.001
No 32 (64%) 33 (66%) 39 (78%) 11 (22%)
Yes 8 (16%) 2 (4%) 2 (4%) 2 (4%)
Effusion 0.040
No 42 (84%) 48 (96%) 48 (96%) 48 (96%)
Complete 42 (84%) 46 (92%) 42 (84%) 50 (100%)
Extension <10° 7 (14%) 4 (8%) 7 (14%) 0 0112
Hyper-extension 8(16%) 2 (4%) 2 (4%) 2 (4%)
Complete 38 (76%) 33 (66%) 44 (88%) 46 (92%)
Flexion 290° 11(22%) 17 (34%) 6 (12%) 4 (8%) 0.013
<90° 1(2%) 0 0 0

* Pearson x’ test. The statistically significant p-values appear in boldface
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Patients with chondral
defects of the knee: results
of the first 50 cases with
two years of follow-up

The results obtained with the
first 50 patients subjected to
treatment of the knee with ICC
and involving two years of fol-
low-up have recently been pub-
lished®. The studied patients
presented a median age of 35
years (range: 18-49 years). Of
these, 70% were males, and in
54% of the cases the chondral
defect was located in the right
knee. Most of them (72%) had
undergone a previous surgery.
In 66% of the cases the defect
was of a chondral nature, in
20% the lesion was osteochon-
dral, and in 14% the diagno-
sis was OCD (Figure 18). In the
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----- @ Healthy cartilage biopsy
(sample extraction, 1st surgery)

9 Implantation of autologous chondrocytes
1 (2nd surgery)
| Implantation of cartilaginous membrane
over lesion

Patients with osteochondral
defects of the anRle: results
of the first patients with two

D fects of the ankle treated with
the ICC technique - most of them
(34 patients) in the Clinica CE-
MTRO®). One of the particulari-
ties of the chondrocyte implant

Damage @ ‘® : years of follow-up
el @ sample processing Membrane A study was made of the first 52
j ond cuttere g """" patients with osteochondral de-

Figure 17. Schematic representation of the autologous chondrocyte implantation process.

patients with previous surgery, the latter was carried out
due to cartilage problems in 22 cases - the most frequent
condition being microfractures (in 50% of the cases with
previous cartilage surgeries).

The efficacy and safety of the technique were assessed
based on the following variables:

1. Presence of pain.

2. Effusion.

3. Mobility range (flexion and extension).

4. Subjective perception of knee condition based on the
International Knee Documentation Committee (IKDC) scale.

Imaging studies (radiographs and magnetic resonance
imaging [MRI]) were made before and during follow-up to
assess implant outcome (at 6, 12 and 24 months).

As can be seen in Table 3, both pain and effusion
improved significantly over follow-up versus the patient
baseline condition. With regard to mobility, flexion also
improved significantly with respect to the baseline situ-
ation.

The IKDC questionnaire evaluates the subjective per-
ception of the patient regarding the functional condition
of the knee®. The score ranges from 0-100, where higher
scores correspond to improved knee condition. Statisti-
cally significant improvement of the IKDC scores was re-
corded. The patients improved significantly one and two
years after treatment.

The improvement in mean IKDC score versus the base-
line visit was 26.3 points (95% confidence interval [95%Cl]
of the mean: 18.2-34.4 points) at 12 months and 31.0 points
(95%Cl of the mean: 22.9-39.0 points) at 24 months. The
minimal clinically important difference (MCID)® indicates
the minimum difference required of the value of a given
parameter in a period of time in order for the patient to
perceive it as representing real improvement of that pa-
rameter. In the case of the IKDC score, the reported MCID
at 12 months is 16.7 points. This means that in our case,
where the scores were greater than the MCID (26.3 at 12
months and 31 at 24 months), our patients perceived the
difference as representing real clinical improvement.
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procedure in the ankle is that in
most cases an osteotomy is first
required in order to access the
lesion. Although in some patients
the defect was more superficial, in the majority of cases (up
to 96%) the defect was of an osteochondral nature. In 35%
of the patients the lesion was over 4 mm in depth, and a
cancellous bone graft was required, obtained from the oste-

Figure 18. Photograph and arthroscopic view of an example of chon-
dral lesion in the femoral condyle due to osteochondritis dissecans.
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As commented above, an
osteotomy is needed to access
the joint, followed by reduction
with osteosynthesis material
during implant surgery. During
withdrawal of the material, a bi-
opsy of the newly formed tissue
sometimes can be obtained.
In these cases, the histological
study of the biopsies of these
patients confirmed the hyaline
nature of the tissue, and the
site of the defect was seen to be
covered with newly formed tis-
sue of characteristics similar to
those of hyaline cartilage with
type Il collagen, in correspond-
ence with the clinical results of
the patients (Figure 20).

Ethical responsibilities

Figure 19. Cartilage regeneration in the ankle joint after Instant CEMTRO Cell (ICC) treatment. The
radiological view shows the appearance of the lesion before and after treatment. The magnetic res-
onance imaging view 6 months after implantation shows the start of joint cartilage regeneration.
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the membrane with the cells over this graft.

The short/middle term outcomes of the treated patients
were very satisfactory. Both pain, evaluated by means of
the VAS, and ankle function assessed by the American Or-
thopedic Foot and Ankle Society (AOFAS) score®) improved
significantly one year after treatment, and this improve-
ment persisted at least one year later. The percentage of
patients with good or excellent outcomes after 12 months
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months post-treatment. The clinical results were correlated
to the radiological findings, revealing correct graft integra-
tion and regeneration of the cartilage (Figure 19).
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