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Recent Applications of Cellular Therapy in
Orthopedic Surgery

ABSTRACT Injured cartilage heals with inadequate scar tissue during its natural regeneration
process. Treatment modalities before cellular therapies were focused on increasing the quality of the
scar tissue rather than replacing it with the original one. Mechanical failure of the cartilage tissue
causes arthritic changes in the long term. Arthritis is characterized by functional loss and pain and
has a negative effect on the quality of life. Elderly patients are treated with toral joint replacement,
however, it remains the last option in younger patients with longer life expectancy due to the
requirement of revision surgery in the long term. Therefore, prevention of joint arthritis in young
patients is pivotal. The most important aspect of an ideal treatment method is to replace the missing
tissue with another tissue that is original or similar as possible. As a product of interdisciplinary
study, autologous chondrocyte implantation is one of the leading effective methods of cellular
therapy in the musculoskeletal system. Autologous chondrocyte implantation is based on harvesting
a small number of cartilage cells from the patient and replacing the missing tissue by transplanting
the cells to the defective area after 3-4 weeks of in vitro propagation. In this review, autologous
chondrocyte implantation treatment was discussed in the light of recent cellular therapy approach
for chondrocyte injuries.
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he major function of the cartilage tissue is to decrease the energy
Trequired for motion by reducing friction and to ensure painless

range of motion."? The joint cartilage is a 2-4 mm, avascular, aneural
and nonlymphatic structure, which results with delayed and inadequate
healing when injured.?* In addition, chondrocytes, which are the basic
elements of the cartilage, have low mitogenic activity and very limited
regeneration potential.” As a result, healing in joint injuries depends on
the accumulation of fibrocartilaginous tissue, which has no histological
and mechanical characteristic of the hyaline cartilage, in the defective area.
Fibrocartilage that is biomechanically less endurable than cartilage cannot
fulfill the pivotal functions of the cartilage such as absorption of shock and
decreased friction, which are vital for long-term use. Depending on the
location, size and burden area of the cartilage, biomechanical defects, loss
of joint cartilage and functional loss predispose to osteoarthrosis
characterized by pain.” Symptoms of osteoarthrosis decrease the activation
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level and quality of life of patients, and eventually
lead to joint replacement, which is not favored by
clinicians due to the requirement of recurrent
surgical interventions particularly in young
patients. The treatment of progressive lesions due
to the loss of joint cartilage is a major problem of
the musculoskeletal surgery currently.

@ JOINT INJURIES AND CONVENTIONAL
TREATMENT MODALITIES

Traumatic cartilage injuries are common among
professional or amateur athletes and those who live
an active life.'*5 In relatively small (2-3 cm?)
cartilage defects, surgical interventions such as
abrasion atrhroplasty, subchondral drilling, and
microfracture are still considered current treatment
options.®” These surgical interventions provide a
bridge between the defective area and the bone
marrow and the mesenchymal stem cells recruited
from the peripheral blood and bone marrow start
the healing process. However, the fibrocartilaginous
tissue produced by these methods does not possess
the characteristics to fulfill the long-term
expectations of a young and active patient.

Replacement of the hyaline joint cartilage
with original or similar tissue is a widely
investigated and discussed issue.®!! Transplantation
of joint cartilage of low-burden areas to the
defective area (mosaicplast) is one of the earliest
interventions. However, this procedure has a major
disadvantage such as the size of the treatable area
being limited to the size of the donor area.
Consequently, it may only be used in cartilage
defects up to 4-6 cm? The inadequacy of the donor
area in larger injuries and the problems that
develop in the donor area are the major limitations
of the procedure.®? Joint replacement (restoration
of cartilage surfaces using metal polyethylene) in
large cartilage defects and in degenerative processes
that develop in elderly patients is a serious
treatment alternative. However, this procedure
also has limitations such that, it may not fulfill the
high functional expectancy of the young patients
and may necessitate revision surgery in the long
term. Thus, joint replacement remains the last
treatment option in younger patients.
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CELLULAR TREATMENT AND
AUTOLOGOUS CHONDROCYTE
IMPLANTATION IN CARTILAGE LOSS

Although the last century has witnessed great
achievements in medicine, the developments in the
field of cartilage injuries have been limited up to
date. The pathophysiologic mechanisms and natural
course of injuries have been investigated in detail.
The gesults of these investigations suggested that
healing was inadequate, moreover, healing would
not be possible without intervention. Results of
recent basic and clinical research on cellular
treatment modalities for large (4-10 cm?) cartilage
defects are promising (Figures 1 A, 2 A, B) 3#1113-15
In-vitro studies suggested that it was possible to
enlarge the cartilage tissue by dedifferentiation and
enhancement of cell numbers. Autologous
chondrocyte implantation is a recent cellular
treatment modality for the treatment of cartilage
lesions involving large cartilage surfaces in young
patients. This approach involves the harvesting of
small numbers of cells from patients, in-vitro
propagation and transplantation of cells to the
defective area; the mean duration of this process is
3-6 weeks. This enables provision of adequate
numbers of cells regarding the size of the defect and
causes no problems in the donor area due to the low
number of harvested cells. The “tissue engineering”
approach described as the formation of functional
tissues for implantation is an attractive alternative
for the treatment of large chondral defects in the
young and active population, despite its high cost.

Grande’s work in 1982 provided a histological
basis for autologous chondrocyte implantation
defined as supporting with cultured chondrocytes
of the periostal graft attached on the joint cartilage
defect in rabbits." Technically, the chondrocytes
are enzymatically dissociated and forced to
reversible dedifferentiation to be propagated as
monolayers; thus 80% healing of defects with
hyaline cartilage can be achieved. Lars Peterson et
al. treated cartilage defects at the cellular level
using this approach, which provided a basis for
healing of joint surfaces lacking cartilage in
humans.3#*!! Following the first autologous
chondrocyte implantation in humans, favorable
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(B)

() (E)

FIGURE 1: 38-years-old male (A): Large cartilage defect on the lateral femur chondyle in computed tomography scanning; (B) restoration of the defect with bone
grafting in the first surgical session; (C) injection of autologous chondrocyte suspension to the defective area in the second session; (D) almost normal appear-
ance of the cartilage defect in the magnetic resonance imaging in the fist year of surgical treatment; (E) activation signals in the defective area in perfusion mag-
netic resonance imaging after one year.

(B)

(D) (E)

FIGURE 2: 13-years old, female; (A) The magnetic resonance image posterior to the joint of the traumatic cartilage piece that has detached from the lateral femur
chondyle; (B) morphologic image; (C) transfer of chondrocytes, which were placed in a second generation polymer, to the defective area by surgical interven-
tion; (D) image after fixation with fibrin cement; (E) perfusion magnetic resonance imaging at three months of autologous chondrocyte implantation,

JCTRM 2010;1(1) 19
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results have been achieved during the follow-up of
cases for more than ten years. This treatment
modality is currently used for patients 15-55 years
old without degenerative osteoarthritis and with
symptomatic full layer cartilage defect. Reports
indicated that increasing number of patients and
long-term results would allow the development of
novel joint surfaces.

Autologous chondrocyte implantation has
shown progress since its first use with basic cellular
propagation and reimplantation principles
remained unchanged. The conventional approach
in autologous chondrocyte implantation is to use
cells harvested from the intact hyaline cartilage to
bene-fit from the potential of mesenchymal cells
to differentiate into chondrocytes. Following
clinical diagnosis, chondral defects are confirmed
by arth-roscopy and cartilage biopsy is obtained. In
patients with cartilage loss accompanied by bone
defect, a stable subchondral bed ready for use
during implantation is prepared (Figure 1 B). A
biopsy specimen, which includes 1-2 pieces of 4x10
mm cartilage, is obtained from the upper part of the
medial femoral chondyle by curette in 98% of
cases; this corresponds to approximately 200-300
mg of cartilage. The cartilage specimen is delivered
to the laboratory within no more than six hours in
transport medium. In the laboratory, after the
specimen is fragmented and digested with various
enzymes (collagenase, hyaluronidase, and DNAse),
cellular expansion is initiated. Recently a new step
of exposure to autologous serum has been added to
the procedure. The tissue specimen 1is
enzymatically digested, cultured for three weeks
and is trypsinized after the number of cells increase
10-fold. This process yields an autologous
chondrocyte suspension including hundred
thousands of cells.'®1617

Another issue investigated is increased
production of cartilage components by stimulating
cells mechanically during cell culture. Compressive
and scissoring type forces were shown to increase
collagen and proteoglycan synthesis and yield load
capacities of various types. The structure of
cartilage formed by tissue engineering revealed
that it had a mechanical endurance of 30-50% of
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the normal cartilage after 6-8 weeks. These results
suggested that mechanical stimulants had various
effects on the development of chondrocytes and
the production of extracellular matrix.

The developments in the field were recorded
not only in the laboratory but also in surgical
practice. In the early periods, chondrocytes
propagated in liquid medium were injected under
the periostal blanket formed by placing the
periostal graft harvested from the medial tibia on
the chondral defect and sealed by fibrin cement for
impermeability (Figure 1 C). Control arthroscopic
examination of first generation autologous
chondrocyte implantation using the
abovementioned technique revealed cartilage-like
morphological and histological features and parallel
to these observations, yielded good or excellent
results in the functional evaluation (Figure 1 D,
E).310 The limitations of the technique such as non-
homogenous distribution of cells in the liquid
medium due to gravity, loss during injection,
adhesion due to the use of periost tissue and
hypertrophic changes stimulated research for
second-generation chondrocyte implantation.

In the second-generation autologous
chondrocyte implantation, chondrocytes harvested
from the patients were cultured as monolayers or on
three dimensional supporting structures and were
transplanted to the defective area (Figure 2 C, D).
Absorbable carriers developed by tissue engineering
facilitated surgical intervention and allowed more
homogenous distribution of cells. Chondrocytes to
be implanted on the cartilage defect area are seeded
on the polymer bed and thus, the negative effects of
the periostal graft are avoided. Autologous
chondrocytes are homogenously distributed within
this spongy structure during implantation. The
homogenous distribution of cells not only on the
outer surface of the structure, but also in the inner
pores, migration of the cells and the initiation of
extracellular matrix production during the in-vitro
cultivation period facilitate the development of a
more effective cartilage tissue (Figure 2 E).?'"

Compared to the histological examination that
is considered the gold standard to determine the
implantation effectiveness of chondrocytes,

JCTRM 2010;1(1)
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radiological imaging of the cartilage-tissue using
magnetic resonance imaging (MRI) is superior with
its low cost and non-interventional nature.?*? This
requires familiarity with the imaging characteristics
of all components of cartilage that include mostly
water, collagen, proteoglycans and 10% of cellular
elements. In addition, certain molecules may be
stained by contrast media. This will allow the
identification of morphological characteristics as
well as the biochemical composition of the cartilage
tissue.” Gadalinium Enhanced MRI of Cartilage
allows monitoring of surgical treatment of cartilage
defects; this gives the opportunity of tracing the
glycosaminoglycan concentration, which is
associated with the biomechanical durability of the
cartilage. Novel technologies such as diffusion MRI
are also used in this field.”

= OUR EXPERIENCE ON
~ CELLULAR TREATMENT FOR
CARTILAGE LOSS

Fourteen knee joints in thirteen patients were trea-
ted with autologous chondrocyte implantation in
the Department of Orthopedics and Traumatology,
Ankara University School of Medicine between
2002 and 2008. Chondrocyte implantation was
performed by using cells cultivated in a foreign
country in three cases; in the remaining cases, cell
cultures propagated in the Ankara University
laboratories were used. Enzymatically isolated
3-7x10° chondrocytes were grown as monolayers
(2-4x10°) in static cultures with chondrogenic
DMEM medium including 10 ng/ml TGF-, 50
pg/ml ascorbic acid, 10% serum and other
supplements.’?® Cases were assessed with
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conventional methods such as T1 and T2
sequencing as well as Gadalinium Enhanced MRI of
Cartilage; these assessments revealed that all cases
had healed with almost normeal joint cartilage
surfaces during the sufficiently long (>12 months)
follow-up period. All patients returned to their
daily living activities without any complication.
. “ CONCLUSION

In €onclusion, the partnership of clinical sciences
and tissue engineering is open to new
developments. Loss of joint cartilage is still the
center of interest for many researchers due to the
limited healing potential of chondrocytes and the
high incidence of osteoarthritis that decreases the
quality of life. Previous methods used up to date for
large defects have proved useless to obtain a stabile
and smooth cartilage surface. Replacement of the
hyaline joint cartilage with an identical or similar
tissue has been a major research topic for many
years. As the physiologic characteristics of cartilage
cells and the response they give to injuries are
better established, it will be easier to develop
alternatives to these mechanisms.

Future research on cellular treatment for
musculoskeletal surgery will focus on progenitor
and stem cells derived from humans and animals.
The key point in discovering a successful treatment
modality is to clarify cartilage physiology and the
pathophysiology of injuries or diseases; thus,
multidisciplinary studies are pivotal. In this
context, the cooperation of tissue engineering and
orthopedic surgery has yielded favorable results for
the treatment of cartilage injury.
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