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1Regeneration of Articular Cartilage
of the Knee: Basic Concepts

E. Carlos Rodrı́guez-Merchán
and Hortensia De la Corte-Garcı́a

1.1 Introduction

Cartilage injury of the knee is common and its
aetiology is multifactorial (Table 1.1) (Fig. 1.1).
One study of knee arthroscopy found 63 % of
patients had chondral injury [1]. Cartilage inju-
ries of the knee affect approximately 900,000
Americans annually, resulting in more than
200,000 surgical procedures [2].

The Outerbridge classification of articular
cartilage lesions is most commonly used
(Table 1.2) [3]. For the patient with symptomatic
chondral injury of the knee, numerous techniques
are available to the orthopaedic surgeon to relieve
pain and improve function (Tables 1.3, 1.4 and
1.5). Although nonsurgical management of
articular cartilage injury has remained largely the
same over many decades, surgical treatment of
chondral injuries continues to evolve. Although

bone marrow stimulation techniques continue to
play a large role in the treatment of specific
chondral injuries, newer techniques including
autologous chondrocyte implantation (ACI),
osteochondral allografts, and osteochondral
autografts have been developed. Treatment
decision-making must take into consideration
patient goals, physical demands, expectations,
and perceptions, as well as defect size, depth,
location, chronicity, previous treatments and
response, and concomitant pathology [4].

Cartilage therapy for focal articular lesions of
the knee is becoming increasingly available [5, 6].
Cellular and molecular studies using new tech-
nologies such as cell tracking, gene arrays and
proteomics have provided more insight in the cell
biology and mechanisms of joint surface regener-
ation. Besides articular cartilage, cartilage of other
anatomical locations as well as progenitor cells are
now considered as alternative cell sources. Growth
factor research has revealed some information on
optimal conditions to support cartilage repair.
Thus, there is hope for improvement [7].

The aging human population is experiencing
increasing numbers of symptoms related to its
degenerative articular cartilage, which has stim-
ulated the investigation of methods to regenerate
or repair articular cartilage. However, the seem-
ingly inherent limited capacity for articular car-
tilage to regenerate continues to confound the
various repair treatment strategies studied [8].

PubMed articles related to articular cartilage
regeneration of the knee in clinical studies were
searched from 1 January 2005 to 31 December
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Fig. 1.1 MRI of a
cartilage injury of the knee.
a AP view. b Lateral view

Table 1.1 Aetiology of articular cartilage lesions of the
knee

Trauma (blunt impacts, traumatic patellar dislocation,
polytraumatic injuries)

Axial malalignment of the knee

Partial or total meniscectomy

Instability (ACL, PCL, etc.)

Osteochondritis dissecans

Osteoarthritis

Rheumatoid arthritis

Genetic factors

Obesity

Cartilage tumours

Microtrauma

Table 1.2 Grade 0–4 cartilage defects, according to the
Outerbridge scale

Grade 0 Intact articular cartilage

Grade 1 Cartilage softening, intact joint surface,
focal colour change

Grade 2 Superficial fissuring

Grade 3 Fissures and fragmentation extending into
the matrix

Grade 4 Erosion reaching the subchondral bone
plate. Eburnated bone

Table 1.3 Conservative treatment of articular cartilage
defects of the knee

Drug treatment

NSAIDs per os

Neuroceticals (glucosamines per os, intra-articular
cortisone, intra-articular hyaluronic acid)

Physical therapy

Table 1.4 Operative interventions capable of covering a
knee cartilage defect completely

Refixation of detached cartilage fragments

With reabsorbable pins

With screws

With fibrin glue

With osteochondral plugs

Cartilage reparative strategies

Aggressive debridement (spongialisation): removal of
the subchondral plate to expose cancellous bone

Bone marrow stimulation techniques: drilling,
microfractures, abrasion arthroplasty (gentle superficial
burring of the subchondral plate)

Cartilage restorative techniques

Transplantation of fresh osteochondral allografts

Transplantation of osteochondral autografts (plugs—
mosaicplasty)

Autologous chondrocyte implantation (ACI) and
matrix-induced autologous chondrocyte implantation
(MACI)
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2011, using the following key words: articular
cartilage, regeneration, clinical studies and knee.
A total of 53 reports were found. They showed the
following possibilities for the treatment of focal
lesions of the articular cartilage of the knee:
cartilage regeneration and repair including carti-
lage reparation with gene-activated matrices
(GAM), autologous chondrocyte implantation
(ACI) and matrix-induced ACI (MACI), biolog-
ical approaches (scaffolds, mesenchymal stem
cells-MSCs, platelet-rich plasma-PRP, growing
factors-GF, bone morphogenetic proteins-BMPs,
magnetically labelled synovium-derived cells-M-
SDCs, elastic-like polypeptide gels), osteoto-
mies, stem cells coated titanium implants and
chondroprotection with pulsed electromagnetic
fields (PEMFs). Meniscal repair still is in an
experimental phase. There is also new informa-
tion on topics like the specific healing response of
cartilage lesions, cartilage healing in patellar
fractures, the importance of surgical preparation,
the prognostic factors involved in cartilage
regeneration and the assessment of results.

The purpose of this chapter is to summarise the
existing knowledge on regeneration of articular
cartilage of the knee based on the clinical studies
published since January 2006–31 December
2011. In this chapter the author will review what
is the current treatment of focal cartilage lesions
of the knee joint, and what is known on meniscal

repair and other related topics such as the specific
healing response of cartilage lesions, cartilage
healing in patellar fractures, the importance of
surgical preparation, the prognostic factors
involved and the assessment of results.

1.2 Treatment of Focal Cartilage
Lesions

There are a number of possibilities for the treat-
ment of focal lesions of the articular cartilage of
the knee: (1) cartilage reparative strategies such as
aggressive debridement and bone marrow stimu-
lation (drilling, microfractures); (2) cartilage
restorative techniques such as fresh osteochondral
allograft transplantation, osteochondral autograft
transplantation (mosaicplasty); (3) autologous
chondrocyte implantation (ACI) or matrix-
induced ACI (MACI); (4) Some biological
methods such as cartilage reparation with gene-
activated matrices (GAMs), scaffolds, mesen-
chymal stem cell (MSCs), platelet-rich plasma-
PRP, growing factors (GFs), magnetically label-
led synovium-derived cells (M-SDCs), bone
morphogenetic proteins (BMPs) and elastic-like
polypeptide gels; and (5) other techniques, such as
osteotomies, stem cells coated titanium implants
in osteochondral defects and chondroprotection
with pulsed electromagnetic fields (PEMFs).

Simon and Aberman reported animal models
and described two untreated lesion models useful
for testing articular cartilage repair strategies [8].
The created lesion models, one deep (6 mm and
through the subchondral plate) the other shallow
(to the level of the subchondral bone plate) were
placed in the middle one-third of the medial
femoral condyle of the knee joints of goats. At 1-
year neither the deep nor the shallow full-thick-
ness chondral defects generated a repair that
duplicated natural articular cartilage. Moreover,
progressive deleterious changes occurred in the
articular cartilage surrounding the defects.

1.2.1 Cartilage Reparative Strategies

Shim et al. reported that microfracture therapy is
a widely used technique for the repair of

Table 1.5 Indications for the different knee cartilage
repair/restorative techniques

Technique Indications

Bone marrow stimulation Lesion size \ 4 cm2;
age \ 40 years; focal
contained lesions in the
femoral condyles

Transplantation of fresh
osteochondral allograft

Large uncontained
lesions and lesions with
bone and cartilage loss

Transplantation of
osteochondral autograft
(plugs—mosaicplasty)

Femoral
lesions \ 2.5 cm2

Autologous chnodrocyte
implantation (ACI) and
matrix-induced
autologous chondrocyte
implantation (MACI)

Chondral
lesions [ 2 cm2

1 Regeneration of Articular Cartilage of the Knee 3



articular cartilage defects because it can be
readily performed arthroscopically [9]. How-
ever, the regenerated cartilage after microfrac-
ture surgery clearly differs from normal articular
cartilage. This suggested that the clinical out-
come of patients undergoing microfracture
therapy could be improved. Dehydroepiandros-
terone sulphate (DHEA-S) is known to protect
against articular cartilage loss. Therefore, in an
effort to achieve cartilage regeneration of high
efficacy, they manufactured a DHEA-S-releas-
ing rod-type implant for implantation into the
holes produced by microfracture surgery. The
polymeric rod-type implant was made of bio-
degradable poly (D, L-lactide-co-glycolide)
(PLGA) and beta-tricalcium phosphate to enable
controlled release of DHEA-S. The implant was
dip-coated with a dilute PLGA solution to pre-
vent the burst release of DHEA-S. This poly-
meric rod-type implant did not only provide an
improvement in microfracture surgery, but also
had great potential as a new formulation for drug
delivery.

Bae et al. evaluated the clinical and radiologic
results, second-look arthroscopic findings, histo-
logic evaluation, and results of immunohisto-
chemical staining and the Western blotting test for
type II collagen after microfracture for full-
thickness chondral defects in patients with osteo-
arthritic knee [10]. They concluded that patients
with full-thickness chondral defects in the osteo-
arthritic knee can have improved function and see
an increase in joint space after microfracture. They
also showed that cartilaginous tissue containing
type II collagen is formed after the microfracture
procedure in the osteoarthritic knee.

1.2.2 Cartilage Restorative Strategies

Fresh osteochondral allograft transplantation has
been an effective treatment option with promising
long-term clinical outcomes for focal posttrau-
matic defects in the knee for young, active indi-
viduals. Gross et al. examined histologic features
of 35 fresh osteochondral allograft specimens
retrieved at the time of subsequent graft revision,
osteotomy, or TKA [11]. Graft survival time
ranged from 1 to 25 years based on their time to

reoperation. Histologic features of early graft
failures were lack of chondrocyte viability and
loss of matrix cationic staining. Histologic fea-
tures of late graft failures were fracture through
the graft, active and incomplete remodelling of
the graft bone by the host bone, and resorption of
the graft tissue by synovial inflammatory activity
at graft edges. Histologic features associated with
long-term allograft survival included viable
chondrocytes, functional preservation of matrix,
and complete replacement of the graft bone with
the host bone. Given chondrocyte viability, long-
term allograft survival depends on graft stability
by rigid fixation of host bone to graft bone. With
the stable osseous graft base, the hyaline cartilage
portion of the allograft can survive and function
for 25 years or more.

Ollat et al. evaluated the results and prognostic
factors cartilage defects of the knee treated by
autologous osteochondral mosaicplasty after
more than five years of follow-up [12]. Autolo-
gous osteochondral mosaicplasty seemed to be a
reliable technique in the short and intermediate
term. It has the advantage of being less expensive
than reconstructive techniques, is a one-step
surgical procedure and results in immediate res-
toration of cartilage surface. Nevertheless, this is
a difficult technique, which may result in com-
plications and requires articular harvesting. This
technique is limited by the size of the defect to be
treated. The primary indication is deep, small
defects on the medial femoral condyle.

1.2.3 Autologous Chondrocyte
Implantation (ACI)
and Matrix-Induced
Chondrocyte Implantation
(MACI)

Gigante et al. assessed the 3-year clinical out-
come of distal realignment and membrane-see-
ded ACI in selected patients with patellofemoral
malalignment and large, isolated, patellar carti-
lage lesions [13]. The significant clinical
improvement that they found support the value
of associating distal realignment and ACI in
treating large, isolated, patellar cartilage lesions
associated with patellofemoral malalignment.
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Gravius et al. evaluated whether or not osteo-
chondral markers of the synovial fluid can be
helpful in defining objectively the repair process
following matrix-based autologous chondrocyte
implantation (MACI) Cartilage Regeneration
System (CaReS) [14]. Their conclusion was that
specific markers for cartilage metabolism should
be defined to permit a direct and objective com-
parison of the various conservative and operative
methods presently available for the treatment of
chondral lesions of the knee joint.

Nehrer et al. reported that although chondro-
cyte transplantation has been widely used with
success, it has several inherent limitations,
including its invasive nature and problems related
to the use of the periosteal flap [15]. To overcome
these problems chondrocyte transplantation
combined with the use of biodegradable scaffolds
was used. They used a hyaluronan-based scaffold
(Hyalograft C), which compared favourably with
classic chondrocyte transplantation. They stated
that Hyalograft C is particularly indicated in
younger patients with single lesions. The graft
can be implanted through a miniarthrotomy and
needs no additional fixation with sutures except
optional fibrin gluing at the defect borders. Their
results suggested that Hyalograft C is a valid
alternative to chondrocyte transplantation.

1.2.4 Biological Methods

There are different biological approaches for the
treatment of cartilage lesions: gene-activated
matrices (GAM) from chitosan and gelatine,
articular cartilage paste grafting technique,
scaffolds, mesenchymal stem cells (MSCs),
platelet-rich plama (PRP), growth factors (GFs),
bone morphogenetic proteins (BMPs), magneti-
cally labelled synovium-derived cells (M-
SDCs), and elastic-like polypeptide gels, pulsed
electromagnetic fields (PEMFs), and stem cell-
coated titanium implants.

Gene-Activated Matrices (GAM) In Vitro
Guo et al. fabricated two- and three-dimensional
matrices from chitosan and gelatin, then added a
plasmid DNA encoding transforming growth
factors-ss1 (TGF-ss1) for cartilage defect

regeneration [16]. First, they demonstrated that
primary chondrocytes could maintain their bio-
logical characteristics and secrete therapeutic
proteins when they were cultured onto gene-
activated matrices (GAM) in vitro. Subsequently
they inserted three-dimensional GAM into car-
tilage defects of rabbit knee joints. With the
results of the new cartilage tissue formation,
they came to the conclusion that GAM is helpful
for new tissue production and this therapeutic
protocol provided a cheap, simple, and effective
method for cartilage defect reparation.

Articular Cartilage Paste Grafting
Technique
Stone et al. assessed clinical outcomes and
regeneration of osteoarthritic cartilage lesions
treated with an articular cartilage paste grafting
technique [17]. The procedure offered excellent,
long-lasting, pain relief, restored functioning,
and possibility of tissue regeneration for patients
with painful chondral lesions in both arthritic
and traumatically injured knees.

Scaffolds
Cartilage regeneration using a fibrin sponge and
a stirring chamber was investigated by Shangkai
et al. to improve the potential of articular carti-
lage tissue engineering [18]. Chondrocytes see-
ded on the fibroin-sponge scaffolds were
cultured in the stirring chamber (a bioreactor
facilitating mechanical stimulation) for up to
3 weeks. Changes in DNA content, glycosami-
noglycan (GAG) amount, integrin subunits
alpha5 and beta1 fluorescence intensity, and
morphologic appearance, were studied to eval-
uate tissue maturity. Seeded scaffolds subjected
to the stirring chamber demonstrated significant
increases in both DNA content (38.9 %) and
GAG content (54.3 %) at day 21 compared to
the control group. In addition, the stirring
chamber system facilitated a maturation of car-
tilage tissue showed by histologic examination,
after a staining of proteoglycan and type II
collagen. Clinical feasibility of the fibroin and
stirring chamber system was evaluated using
rabbit models with cartilage defect. Large
defects on rabbit knee joints were repaired with

1 Regeneration of Articular Cartilage of the Knee 5



regenerated cartilage, which resembles hyaline
cartilage at 12 weeks after operation. This study
demonstrated the potential of such mechanically
stimulated scaffold/cell constructs to support
chondrogenesis in vivo.

Kon et al. evaluated the performance and the
intrinsic stability of a newly developed biomi-
metic osteochondral scaffold and to test the safety
and the feasibility of the surgical procedure [19]. A
gradient composite osteochondral scaffold based
on type I collagen-hydroxyapatite was obtained by
nucleating collagen fibrils with hydroxyapatite
nanoparticles. The technique was safe and MRI
evaluation at short-term follow-up demonstrated
good stability of the scaffold without any other
fixation device. The preliminary clinical results at
short-term follow-up were encouraging.

Chondral defects 4 mm in diameter (1 per
sheep) were created by Jebel et al. in the centre of 1
medial femoral condyle of 48 sheep [20]. In the
study twelve defects were allowed to heal spon-
taneously, 16 defects were covered with periosteal
flaps alone, and 20 defects were filled with autol-
ogous de novo cartilage graft and overlaid with a
periosteal flap. Chondral defects treated with de
novo cartilage transplantation (NCT) show quali-
tatively better microscopic and macroscopic
regeneration than do those treated with periosteal
flaps alone. Results of the study showed that third-
generation NCT is a promising development in the
field of biologic cartilage regeneration.

The aim of the study of Swieszkowski was to
show potential of using a tissue engineering
approach for regeneration of osteochondral
defects [21]. The study showed that in the field of
cartilage repair or replacement, tissue engineer-
ing may have big impact in the future. In vivo
bone and cartilage engineering via combining a
novel composite, biphasic scaffold technology
with MSCs has been shown a high potential in the
knee defect regeneration in the animal models.
However, the clinical application of tissue engi-
neering requires the future research work due to
several problems, such as scaffold design, cellular
delivery and implantation strategies.

In an animal study performed by Chang et al.,
15 miniature pigs were used in a randomised
control study to compare tissue engineering with

allogenous chondrocytes, autogenous osteo-
chondral transplantation, and spontaneous repair
for osteochondral articular defects [22]. The
results for the tissue engineering-treated group
were satisfactory, the repair tissue being hyaline
cartilage and/or fibrocartilage. Spontaneous
healing and filling with scaffold alone did not
result in good repair. With ostechondral defects,
the subchondral bone plate was not restored by
cartilage tissue engineering. These results
showed that tri-copolymer can be used in vivo
cartilage tissue engineering for the treatment of
full-thickness articular defects.

Nugent et al. tested the hypothesis that bovine
and human chondrocytes in a collagen type I
scaffold will form hyaline cartilage ex vivo with
immunohistochemical, biochemical, and mag-
netic resonance (MR) endpoints similar to the
original native cartilage [23]. They concluded that
the collagen-spot culture model supports forma-
tion and maturation of three-dimensional hyaline
cartilage from active bovine chondrocytes.

Mesenchymal Stem Cells (MSCs)
Agung et al. evaluated active mobilisation effect
of MSCs into injured tissues after intraarticular
injection of MSCs, and their contribution to
tissue regeneration [24]. The study demonstrated
the possibility of intraarticular injection of
MSCs for the treatment of intraarticular tissue
injuries including ACL, meniscus, or cartilage.
If this treatment option is established, it can be
minimally invasive compared to conventional
surgeries for these tissues.

Platelet-Rich Plasma (PRP)
PRP therapy is a simple, low cost and minimally
invasive method that provides a natural concen-
trate of autologous blood growth factors (GFs)
that can be used to enhance tissue regeneration.
Filardo et al. investigated the persistence of the
beneficial effects observed [25]. Their findings
indicated that treatment with PRP injections can
reduce pain and improve knee function and
quality of life with short-term efficacy.

PRP is a natural concentrate of autologous
blood growth factors experimented in different
fields of medicine in order to test its potential to
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enhance tissue regeneration. Kon et al. explored
this novel approach to treat degenerative lesions
of articular cartilage of the knee [26]. The pre-
liminary results indicated that the treatment with
PRP injections is safe and has the potential to
reduce pain and improve knee function and
quality of live in younger patients with low
degree of articular degeneration.

Growth Factors
Noh et al. evaluated cartilage regeneration in
animal models involving induced knee joint
damage [27]. Through cell-mediated gene ther-
apy methods, a cell mixture comprising a 3:1
ratio of genetically unmodified human chon-
drocytes and transforming growth factor beta-1
(TGF-beta1)-secreting human chondrocytes
(TG-C), generated via retroviral transduction,
resulted in successful cartilage proliferation in
damaged regions. The study demonstrated the
safety and efficacy of TG-C following direct
intra-articular administration in animal models
involving induced knee joint damage. Based on
these pre-clinical studies authorization has been
received from the USA Food and Drug Admin-
istration (FDA) to proceed with an initial phase I
clinical study of TG-C for degenerative arthritis.

Bone Morphogenetic Proteins (BMPs)
Lavage fluids of knee joints of 47 patients were
collected by Schmal et al. during surgical ther-
apy [28]. Five patients had no cartilage lesion
and served as a control group, the other 42
patients with circumscribed cartilage defects
were treated by microfracturing or by an ACI.
The concentrations of BMP-2 and BMP-7 were
determined by ELISA. BMP-2 seemed to play
an important role in surgically induced cartilage
repair; synovial expression correlated with the
clinical outcome.

Magnetically Labelled Synovium-Derived
Cells (M-SDCs)
Hori et al. investigated the chondrogenic
potential of magnetically labelled synovium-
derived cells (M-SDCs) and examined whether
M-SDCs could repair the articular cartilage

using an intra-articular magnet after delivery to
the lesion [29]. They demonstrated that articular
cartilage defects could be repaired using an
intra-articular magnet and M-SDCs. They
believe that this system will be useful to repair
human articular cartilage defects.

Elastic-Like Polypeptide Gels
Nettles et al. evaluated an injectable, in situ
crosslinkable elastin-like polypeptide (ELP) gel
for application to cartilage matrix repair in criti-
cally sized defects in goat knees [30]. One
cylindrical, osteochondral defect in each of seven
animals was filled with an aqueous solution of
ELP and a biocompatible, chemical crosslinker,
while the contralateral defect remained unfilled
and served as an internal control. At 3 months,
ELP-filled defects scored significantly higher for
integration by histological and gross grading
compared to unfilled defects. ELP did not impede
cell infiltration but appeared to be partly degra-
ded. At 6 months, a new matrix in unfilled defects
outpaced that in ELP-filled defects and scored
significantly better for MRI evidence of adverse
changes, as well as integration and proteoglycan-
containing matrix via gross and histological
grading. The ELP-crosslinker solution was easily
delivered and formed stable, well-integrated gels
that supported cell infiltration and matrix syn-
thesis; however, rapid degradation suggested that
ELP formulation modifications should be opti-
mized for longer-term benefits in cartilage repair
applications.

Pulsed Electromagnetic Fields (PEMFs)
Zorzi et al. evaluated the effects of PEMFs in
patients undergoing arthroscopic treatment of
knee cartilage. Patients with knee pain were
recruited and treated by arthroscopy with chon-
droabrasion and/or perforations and/or radiofre-
quencies [31]. Treatment with PEMFs aided
patient recovery after arthroscopic surgery,
reduced the use of NSAIDs, and also had a
positive long-term effect.

Stem Cell-Coated Titanium Implants
Frosch et al. evaluated the partial surface
replacement of the knee with stem cell-coated
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titanium implants and to provide a basis for a
successful treatment of large osteochondral
defects [32]. MSCs were isolated from bone
marrow aspirates of adult sheep. Round titanium
implants with a diameter of 2 9 7.3 mm were
seeded with autologous MSCs and inserted into an
osteochondral defect in the medial femoral con-
dyle. The results demonstrated that, in a significant
number of cases, a partial joint resurfacing of the
knee with stem cell-coated titanium implants
occur. A slow bone and cartilage regeneration and
an incomplete healing in half of the MSC-coated
implants are limitations of the presented method.

1.2.5 Comparative Studies

Magnussen et al. asked whether ACI or osteo-
chondral autograft transfer yields better clinical
outcomes compared with one another or with
traditional abrasive techniques for treatment of
isolated articular cartilage defects and whether
lesion size influences this clinical outcome [33].
The operative procedures included ACI, osteo-
chondral autograft transfer, matrix-induced ACI,
and microfracture. Minimum follow-up was
1 year (mean, 1.7 years). No technique consis-
tently had superior results compared with the
others. Outcomes for microfracture tended to be
worse in larger lesions.

Saris et al. determined whether, in symptom-
atic cartilage defects of the femoral condyle,
structural regeneration with characterised chon-
drocyte implantation is superior to repair with
microfracture [34]. Both techniques were gener-
ally well tolerated; the incidence of adverse
events after characterised chondrocyte implan-
tation was not markedly increased compared with
that for microfracture. One year after treatment,
characterised chondrocyte implantation was
associated with a tissue regenerate that was
superior to that after microfracture. Short-term
clinical outcome was similar for both treatments.

1.3 Osteotomies

Takeuchi et al. evaluated the clinical outcomes,
in terms of early weight-bearing, of using

opening wedge high tibial osteotomy (OWHTO)
to treat spontaneous osteonecrosis of the medial
femoral condyle of the knee (SONK) using To-
moFix and artificial bone substitute [35]. Dam-
aged cartilage tissue was removed and drilling of
the necrotic area followed by OWHTO was
performed in 30 knees from 30 patients with an
average age of 71 years at the time of operation.
Patients were allowed to undertake partial
weight-bearing exercises 1 week after the oste-
otomy procedure, with all patients performing
full weight-bearing exercise at 2 weeks post-
surgery. Necrotic area in each case was covered
with fibrous cartilage-like tissue completely.
Drilling of the necrotic area followed by OW-
HTO with TomoFix and artificial bone substitute
was an effective treatment for SONK as it
resulted in pain alleviation and regeneration of
the fibrous cartilage tissue over the necrotic
legion.

Yercan et al. reported that excellent results of
total knee arthroplasty have outweighed high
tibial osteotomy applications in the treatment of
osteoarthritis of the knee joint, but there is a
growing interest in osteotomies as an adjunct in
the treatment of full-thickness chondral and
osteochondral lesions of the knee [36].

1.4 Meniscal Repair

Maher et al. assessed the performance of a
degradable porous polyurethane scaffold in a
partial meniscectomy ovine model [37]. The
study showed that implantation of a polyure-
thane scaffold in a partial meniscectomy ovine
model promotes tissue ingrowth without dam-
aging the cartilage with which it articulates.
Meniscal deficiency is a common occurrence,
the effective clinical management of which is
limited by the absence of an off-the-shelf
implantable construct.

Recent all-inside meniscal repair devices are
available, but in vivo studies with these devices
are sparse. Hospodar et al. compared the FasT-
Fix has inferior meniscal healing with the inside-
out suture technique in the goat model. 73 male
castrated goats (Capra hircus) underwent a 2-cm
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meniscal incision and subsequent repair with the
FasT-Fix device on one knee and inside-out
meniscal repair on the contralateral knee [38].
Both repairs used a vertical mattress suture
technique. Access to the menisci was via an
open technique with an extra-articular osteot-
omy of the medial collateral ligament origin on
the femur. The FasT-Fix meniscal repair had
inferior meniscal healing results compared with
the inside-out meniscal repair technique in the
goat model.

Cook et al. reported that avascular meniscal
tears are a common and costly problem for
which current treatment options are limited [39].
A bioabsorbable conduit will allow for vascular
tissue ingrowth that is associated with histologic
and biomechanical evidence for avascular men-
iscal tear healing superior to that associated with
meniscal trephining in dogs. Twenty five dogs
underwent medial arthrotomy with creation of
anterior and posterior tears in the medial
menisci. The dogs were assigned treatments for
their menisci: conduit or trephine. Conduit
treatment resulted in functional healing with
bridging tissue and biomechanical integrity in
71 % of avascular meniscal defects for up to
6 months after surgery. No functional healing
was noted in avascular meniscal tears treated by
trephination and suture repair. Clinical studies
using the conduit in humans may be appropriate
to determine the safety and efficacy of the device
for cases of avascular and poorly vascularised
meniscal tears, where the device can be suc-
cessfully implanted from tear to meniscal rim,
the tears can be surgically repaired, and patient
compliance can be ensured.

To evaluate the influence of the chemical
properties on the tissue regeneration in the
implant, in the study of Tienen et al., the
meniscus in the dog’s knee was replaced with
either an aromatic 4,4-diphenylmethanediisocy-
anate based polyesterurethane implant (Estane)
or with an aliphatic 1,4-butanediisocyanate
based polyesterurethane implant (PCLPU) [40].
The differences between these two implants did
not seem to influence the tissue regeneration in
the implant. However, PCLPU seemed to evoke
less tissue reaction and, therefore, is thought to

be less or even nontoxic as compared with the
Estane implant.

1.5 Other Related Topics

In this section a number of topics will be
reviewed: specific healing response of cartilage
lesions, cartilage healing in patellar fractures, the
importance of surgical preparation, the prognos-
tic factors involved and the assessment of results.

1.5.1 Specific Healing Response
of Cartilage Lesions

Although many different interventions have
been proposed for treating cartilage lesions at
the time of anterior cruciate ligament (ACL)
reconstruction, the normal healing response of
these injuries has not been well documented. To
address this point, Nakamura et al. compared the
arthroscopic status of chondral lesions at the
time of ACL reconstruction with that obtained at
second-look arthroscopy [41]. The study
revealed that there was a location-specific dif-
ference in the natural healing response of
chondral injury. Untreated cartilage lesions on
the femoral condyles had a superior healing
response compared to those on the tibial pla-
teaus, and in the patellofemoral joint.

1.5.2 Cartilage Healing in Patellar
Fractures

Anatomical open reduction is the choice treat-
ment method in patellar fractures and the sole
approach to study the cartilage surface healing
is arthroscopy. Yavarikia et al. evaluated the
cartilage healing, long after the complete union
of the fractures and the long-term effects of
simple transverse patellar fractures with perfect
results on patellofemoral cartilage surface [42].
There was no relation between clinical signs
and radiological characteristics of the patients
with the healing on cartilage surface. Having a
diagnostic arthroscopy in an appropriate time
after fusion, especially during extracting the
metal instrument, is effective on evaluating
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patient’s prognosis. Extracting metal instru-
ments along with the simultaneous chondro-
plasty has low cost and complications, though
leading to a decrease in the prevalence of
secondary osteoarthritis and probably the
eruptive swelling due to the debris released
from probable fibrillations.

Gobbi et al. reported that tissue engineering
has emerged as a potential therapeutic option for
cartilage regeneration [43]. Hyaluronan-based
scaffolds seeded with autologous chondrocytes
are a viable treatment for damaged articular
surface of the patellofemoral joint. Biodegrad-
able scaffolds seeded with autologous chondro-
cytes can be a viable treatment for chondral
lesions. The type of tissue repair achieved
demonstrated histologic characteristics similar
to normal articular cartilage.

1.5.3 Importance of Surgical
Preparation

Mika et al. reported that to prevent haemorrhage,
fibrin clot formation, and subsequent activation
of the inflammatory response, surgical prepara-
tion for articular cartilage regeneration should
avoid penetration of the subchondral bone plate
[44]. Current surgical procedures with ring cu-
rettes do not violate the subchondral bone plate.
Traditional debridement techniques for autolo-
gous chondrocyte implantation (ACI)/autolo-
gous chondrocyte transplantation (ACT) using a
ring curette do not violate the normal subchon-
dral bone plate in vitro or in vivo. Even in
osteoarthritic knee joints, the bone plate is only
violated by brute force.

Vizesi et al. compared the healing response of
osteochondral defects created with either a
punch or a drill in the weight-bearing region of
the sheep knee at 4 and 26 weeks following
surgery [45]. The use of a drill to create the
defect creates a more aggressive inflammatory
response at 4 weeks compared with a punch.
However, by 26 weeks, defects created with a
punch scored higher on a cartilage grading scale.
Tissue damage at the time of surgery plays an
important part in the sequence of events for
healing of cartilage defects.

1.5.4 Prognostic Factors

De Windt et al. analysed the prognostic value of
patient age and defect size, age, and location on
clinical outcome 3 years after cartilage therapy
[5]. Defect size did not influence clinical
improvement. Clinical outcome regarding the
treatment of medial defects was better than that
of the lateral defects. The improvement from
baseline was better for patients B30 years
compared with patients C30 years. The study
illustrated the influence of patient age and defect
location and age on clinical outcome 3 years
after treatment of a focal cartilage lesion in
patients with a traumatic knee injury.

1.5.5 Assessment of Results

Welsch et al. evaluated the potential of in vivo
zonal T2-mapping as a non-invasive tool in the
longitudinal visualisation of cartilage repair tis-
sue maturation after MACI [46]. T2 mapping
seems to be more sensitive in revealing changes
in the repair tissue compared to morphological
MR. In vivo zonal T2 assessment may be sen-
sitive enough to characterise the maturation of
cartilage repair tissue.

Gelse et al. reported that the increasing spec-
trum of different cartilage repair strategies
requires the introduction of adequate non-
destructive methods to analyse their outcome in
vivo, i.e. arthroscopically [47]. The validity of
non-destructive quantitative ultrasound biomi-
croscopy (UBM) was investigated in knee joints
of five miniature pigs. The study confirmed that
UBM can provide detailed imaging of articular
cartilage and the subchondral bone interface also
in repaired cartilage defects, and furthermore,
contributes in certain aspects to a basal functional
characterization of various forms of cartilage
repair tissues. UBM could be further established
to be applied arthroscopically in vivo.

Mamisch et al. determined on T2 cartilage
maps the effect of unloading during a clinical
MRI examination in the postoperative follow-up
of patients after MACI of the knee joint [48].
The results suggested that T2 relaxation can be
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used to assess early and late unloading values of
articular cartilage in a clinical setting and that
the time point of the quantitative T2 measure-
ment affects the differentiation between native
and abnormal articular cartilage.

Welsch et al. showed initial results of a
multimodal approach using clinical scoring,
morphological MRI and biochemical T2-

relaxation and diffusion-weighted imaging
(DWI) in their ability to assess differences
between cartilage repair tissue after microfrac-
ture therapy and MACI [49]. They concluded
that in combination clinical, MRI-morphological
and MRI-biochemical parameters can be seen as
a promising multimodal tool in the follow-up of
cartilage repair.

Fig. 1.2 Cartilage injury of the knee. a AP radiograph. b Lateral radiograph. c MRI (AP view). d Intraoperative view
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1.6 Discussion

Osteochondral articular defects are a key con-
cern in orthopaedic surgery (Fig. 1.2). Current
surgical techniques to repair osteochondral
defects lead to poor subchondral bone regener-
ation and fibrocartilage formation, which is
often associated with joint pain and stiffness [19,
26]. New cell-based treatments for articular
cartilage repair are needed. As the optimal
scaffold for cartilage repair has yet to be
developed, scaffold-free cartilage implants may
remove the complications caused by suboptimal
scaffolds The implantation of a scaffold-free,
autologous de novo cartilage implant into
standardised full-thickness cartilage defects of
femoral condyles in sheep leads to a qualita-
tively better regenerative tissue than does peri-
osteal flap alone or no treatment [20].

One matrix scaffold, a synthetic resorbable
biphasic implant (TruFit Plug; Smith & Nephew,
San Antonio, TX), seems to be a promising device
for the treatment of osteochondral voids. The
implant is intended to serve as a scaffold for native
marrow elements and matrix ingrowth in chondral
defect repair. The device is a resorbable tissue
regeneration scaffold made predominantly from
polylactide-co-glycolide copolymer, calcium
sulfate, and polyglycolide. It is approved in Eur-
ope for the treatment of acute focal articular car-
tilage or osteochondral defects but is approved by
the US Food and Drug Administration only for
backfill of osteochondral autograft sites. Preclin-
ical studies demonstrated restoration of hyaline-
like cartilage in a goat model with subchondral
bony incorporation at 12 months. Early clinical
results of patients enrolled in the Hospital for
Special Surgery Cartilage Registry have been
favourable, with a good safety profile [50].

With regard to the current demographic
changes in today’s population and the increasing
demands of the patients, i.e. in sports activity, the
operative treatment of chondral lesions gained of
importance in recent years [51]. The treatment of
cartilage injuries is not only of great importance

in order to reduce the patients’ symptoms, but
also intends to avoid the appearance of secondary
osteoarthritis. There are several different tech-
niques available for the treatment of full-thick-
ness defects (such as microfracture and ACI),
some of them following related principles. The
choice of the optimal treatment technique
remains of great importance and represents one of
the major responsibilities of the surgeon in order
to achieve optimal results [51].

In order to obtain more robust and repro-
ducible results, more detailed information is
needed on many aspects including the fate of the
cells, choice of cell type and culture parameters.
As for the clinical aspects, it becomes clear that
careful selection of patient groups is an impor-
tant input parameter that should be optimised for
each application. In addition, the study outcome
parameters should be improved. Although
reduced pain and improved function are, from
the patient’s perspective, the most important
outcomes, there is a need for more structure/
tissue-related outcome measures. Ideally, crite-
ria and/or markers to identify patients at risk and
responders to treatment are the ultimate goal for
these more sophisticated regenerative approa-
ches in joint surface repair in particular, and
regenerative medicine in general [7].

There are challenges in translation from ani-
mals to humans as anatomy and structures are
different and immobilisation to protect delicate
repairs can be difficult. The tissues potentially
generated by proposed cartilage repair strategies
must be compared with the spontaneous changes
that occur in similarly created untreated lesions.
The prevention of the secondary changes in the
surrounding cartilage and subchondral bone
described in this article should be addressed with
the introduction of treatments for repairs of the
articulating surface [8].

Trends in science are beginning to suggest
that cartilage degeneration may be related to a
chronic imbalance in extracellular matrix
metabolism. In cartilage, a combination of bio-
mechanical, biochemical, and matrix-related
signalling pathways regulates the equilibrium
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between cartilage anabolism and catabolism. A
potential limitation of many current treatments of
osteoarthritis is that they may not comprehen-
sively restore regulation of a balance between
cartilage anabolism and catabolism [52].

The social impact of bone and cartilage
pathologies entails high costs in terms of thera-
peutic treatments and loss of income. As a result,
the current research trend includes preventive
interventions and therapeutic solutions that can
lead to an enhancement of tissue regeneration
and the reduction of degenerative mechanisms.
Many options have been made available to
address problems regarding cartilage damage,
each with its own advantages and disadvantages.
Several studies are currently in progress to
clarify some of the questions that remain unan-
swered about the long-term durability of these
procedures and the possible modifications that
can be made to achieve better results. Biotech-
nology is progressing at a rapid pace that allows
the introductions of several products for clinical
application; however, randomised, prospective
studies for these innovations should be con-
ducted to validate the safety and efficacy of
cartilage regeneration [53].

The newest, third-generation techniques have
been developed to address the limitations of ear-
lier techniques. These new procedures use 3 novel
approaches: chondro-inductive or chondro-con-
ductive matrix; use of allogeneic cells, both of
which may allow a single-stage surgical
approach; and techniques to mechanically condi-
tion the developing tissue before surgical appli-
cation to improve the material properties and
maturation of the implant. However, at this time
there is very limited clinical data available on the
nature and outcomes of these procedures [54].

Severe joint inflammation following trauma,
arthroscopic surgery or infection can damage
articular cartilage, thus every effort should be
made to protect cartilage from the catabolic
effects of pro-inflammatory cytokines and stim-
ulate cartilage anabolic activities. PEMFs can
protect articular cartilage from the catabolic
effects of pro-inflammatory cytokines, and

prevent its degeneration, finally resulting in
chondroprotection [31].

A cartilage defect has a very limited ability to
repair itself spontaneously due to the shortage of
blood. Many attempts have been made to restore
the integrity of cartilage in clinical and experi-
mental studies. Recently, tissue engineering has
emerged as a new protocol for lost tissue
regeneration. Meanwhile, the defect-repairing
environment can be improved by gene therapy
methods. Gene-activated matrices (GAMs) fab-
ricated with biomaterials and plasmids fill the
cartilage defects to restore the integrity of joint
surface, facilitating repair cell adhesion and
proliferation as well as the synthesis of extra-
cellular matrix. And they also serve as a local
gene delivery system, inducing therapeutic agent
expression at the repair site [16].

Cartilage has an extremely poor capacity to
heal, which has lead to intensive research into
biomaterials and tissue engineering for the pur-
pose of regenerating cartilage in vivo. Many of
these techniques have shown great promise in
vitro; however, the results do not always carry
across to the in vivo scenario. Healthy cartilage
autografts often do not integrate with the adjacent
cartilage, suggesting that cartilage is rarely capa-
ble of healing even under ideal conditions [45].

1.7 Conclusions

The treatment of cartilage injuries is not only of
great importance in order to reduce the patients’
symptoms, but also intends to avoid the
appearance of secondary osteoarthritis. There
are several different techniques available for the
treatment of full-thickness defects (such as mi-
crofracture and ACI), some of them following
related principles. The choice of the optimal
treatment technique remains of great importance
and represents one of the major responsibilities
of the surgeon in order to achieve optimal
results. The creation of cartilage repair tissue
relies on the implantation or neosynthesis of
cartilage matrix elements. One cartilage repair
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strategy involves the implantation of bioab-
sorbable matrices that immediately fill a chon-
dral or osteochondral defect. Such matrices
support the local migration of chondrogenic or
osteogenic cells that ultimately synthesize new
ground substance. The goal of all cartilage
replacement techniques is the reformation of
mature organised hyaline cartilage. However,
currently cartilage repair techniques lead prin-
cipally to production of fibrocartilage, which has
material properties that are inferior to hyaline
cartilage. Cell-based therapies such as ACI hold
promise for cartilage regeneration; however,
these techniques still do not predictably result in
hyaline cartilage formation.

ACI, osteochondral autograft transplantation
(mosaicplasty), matrix-induced ACI (MACI),
and microfracture have shown similar results.
Clinical outcome regarding the treatment of
medial defects is better than that of the lateral
defects. The improvement from baseline is better
for patients B30 years compared with patients
C30 years. Some biological methods such as
scaffolds, MSCs, GF, M-SDCs, BMPs and elas-
tic-like polypeptide gels, still need more research.
Meniscal repair also needs further development.
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2Articular Cartilage Defects of the Knee:
Diagnosis and Treatment

Michael Heim and Israel Dudkiewicz

2.1 Introduction

Joints are constructed in such a way that the ends
of the bones are covered with a durable sub-
stance. This layer of cartilage is produced, at its
base, by chondroblasts and as the cartilage
matures it is forced upwards towards the surface
of the joint. The chondroblasts obtain their sus-
tenance from blood vessels which traverse the
bones, and the more superficial layers of carti-
lage are nourished both from the source and
from the fluid that is secreted into the joint space
via the synovium. The synovial fluid carries
nutritional substances to the cartilage and dis-
seminates metabolic waste from the joints [1, 2].

The joint structure comprising the bone ends
which are held together by ligaments that on the
one hand provide stability to the joint and on the
other hand allow motion between the cartilagi-
nous surfaces. Furthermore, there are two bio-
logical shock absorbers that also take part in
lubrication and nutrition of the cartilage—the
lateral and medial meniscus. Failure of these
ligaments or menisci permits inappropriate

motion between the articular cartilages and
results in malalignment and/or instability of the
joint [3, 4].

With age, the number of chondroblasts
diminishes and hence the production of articular
cartilage is slowed down. There is a physiolog-
ical balance between production and destruction
which involve mechanical and biological factors
and the cartilage quality depend on the delicate
equilibrium between the two. Young children,
who are physically active, destroy their joint
cartilages during the day and at night repair the
damage so as to start the following day with an
intact layer of articular cartilage. Aging is also
accompanied with biological and mechanical
changes that decrease the ability to produce or
repair cartilage damages [5–9].

Elder persons replenish their cartilage much
more slowly and if the demand is greater than the
production the cartilage layer becomes narrower.
One of the earliest changes in arthritis is loss of
the integrity and interconnectivity of the collagen
matrix. The increased osmotic pressure causes
swelling. The ongoing loss of proteoglycans due
to catabolism and departure from the matrix leads
to loss of osmolality and deterioration of the
mechanical properties of the cartilage [10]. This
loss of the cartilage mass is noted on regular
radiographs and as the destruction progresses the
condition is termed osteoarthritis. Osteoarthritis
is not only an age-related disorder but may occur
as a result of limb malalignment, trauma or an
interference with the cartilage nutritional supply
(Fig. 2.1) and even after common orthopaedic
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surgical procedures of the knee such as total or
partial menisectomy [11].

The function of the cartilage is to provide a
durable, friction-reduced termination of the bone
which can withstand significant compression
forces. Cartilage is constructed in such a way that
it provides shock absorbing properties to the body.
This structural arrangement will be explained
during the discussion of joint physiology.

2.2 Structure of Articular Cartilage

The articular cartilage is produced by chondro-
blasts. The number and activity of these cells
determine the extent of the cartilage. As age
progresses, the number of cells decrease and
hence new cartilage production is slowed down.
When wear and tear exceeds cartilage produc-
tion, this can be seen radiographically, for the
joint space narrows. Electro microscopically the
cartilage comprises a fibrillar structure of
collagen fibres and giant proteoglycans. These
proteoglycans have an affinity to attract water
molecules and hence the overall content of
water ranges between 60 and 80 %. The large
water content of the cartilage physiologically
acts like a water mattress, longitudinal
compression forces are dissipated sideways.
This same concept is active within the vertebral

discs and the combine activity protects the brain
from shock waves. The core protein contains
hyaluronic acid while the side fragments are
negatively charged and their magnet effect is
that they repel one another. This magnetic effect
spreads the side fragments ensuring their spread
throughout the cartilage. When this mechanical/
magnetic mechanism fails the cartilage fibres
become disaggregated, lose their water content,
and permit ossification within the cartilage.

Using histological staining and a regular
microscope it can be noted that there are four
distinct layers within the cartilage. The superfi-
cial layer has rows of tangential cells. There
under is the transitional area and together with the
deep vertical layer there is a high concentration of
proteogycans is these areas. Tested in the labo-
ratory each layer has different mechanical prop-
erties. The layer closest to the bone is the calcified
cartilage layer and the area between in and the
deep vertical layer is referred to as the tidemark.
This tidemark is a transitional area, wide in young
persons and getting narrower with age. The
nutritional needs of chondroblasts are very
interesting. The source of nutritional elements
including oxygen comes from two sources;
through the cancerous bones and from the phys-
iological liquid within the joint space. Compres-
sion forces within the joint force the nutritional
elements into the cartilage to sustain the more
superficial cells. The deeper cells are dependent
of the bone supply of nutrients [10, 12, 13].

Pathologies within the bone or within the
synovial fluid result in chondrolysis. Bone cysts
such as those seen in haemophilia [14–17]
(Fig. 2.2) and thyroid disease result in the dis-
turbance of the blood flow to the cartilage. Septic
arthritis similarly results are an upset of cartilage
cell sustenance [18–22]. There are inherent car-
tilage abnormalities that result in abnormal
structures of the joint. Systemic pathologies, such
as juvenile rheumatoid arthritis classically pro-
duce a pannus synovial tissue with encroachment
over the articular cartilage, smothering it, and
resulting in chondrolysis [23–27]. Congenital and
acquired metabolic disorders result in cartilage

Fig. 2.1 Osteoarthritis of the knee developed owing to
avascular necrosis of the medial femoral condyle (arrows)
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damage. The deposition of chemical elements
may cause temporary or permanent chondral
damage. Iron from haemosiderin has been shown
to inhibit cartilage production and uric acid

crystals deposited during a gouty arthritic attack
cause cartilage damage.

Malalignment particularly in weight bearing
joints contributes significantly to excess wear of
the cartilage. The malalignment may be of a
genetic nature (genu varus/valgum) or of a
metabolic origin such as resulting from rickets
or post traumatic [28–30] (Fig. 2.3). The most
common cause of cartilage failure is age. With
the growing life expectancy more and more
persons are developing gonarthroses and the
number of arthroplasties done is constantly ris-
ing (Fig. 2.4). This surgical procedure signifi-
cantly improves the quality of life and permits
pain-free walking, allowing elderly persons to
remain independent. Unfortunately, the modern
prostheses too are prone to wear and loosening
and hence the joint replacement may need to be
done more than once, and hence a great effort
has been invested in looking for ways of carti-
lage preservation and/or replacement. Many
commercial preparations are available which

Fig. 2.2 Right knee X-rays (a anterior posterior view,
b lateral view) of a child with haemophilia. Note the
blurred appearance of the soft tissue as a result of intra
articular bleeding (synovial hypertrophy). Note the
osteoarthritis of the same knee of the same patients on

long follow up (c anterior posterior view, d lateral view).
Figure e demonstrates the microscopic appearance of the
haemosiderin stained cartilage of other haemophilic
patient with the radiographic view (f)

Fig. 2.3 Anterolateral standing X-ray that demonstrates
medial compartment osteoarthritis (arrow) owing to
varus malalignment
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supposedly assist in cartilage growth. As dis-
cussed previously, cartilage comprises mainly
water, hyaluronic acid and fronds containing
chondroitin sulphate. Both oral and intraarticular

products contain both these components. The
theory behind the provision of these products is
that with full body reserves of chondroitin and
glucosamine the chondroblasts have ample

Fig. 2.4 Left knee X-rays (a anterior posterior view,
b lateral view) show end stage tri-compartmental
osteoarthritis with narrowing of the joint space,

osteophytes and instability. Post operative total knee
replacement X-rays (c anterior posterior view, d lateral
view)
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Fig. 2.5 Right knee X-
rays (a anterior posterior
view, b lateral view) of a
patient with osteochondral
lesion of the medial
femoral condyle. Note the
flattering of the condyle
due to the lesion (arrows).
Coronal (c) and sagital
(d) MRI views, showing
the osteochondral lesion, of
the medial femoral condyle
and the local adopted
severe bone oedema
(arrows). Arthroscopic
views of the lesion
(arrows), before (e), during
(f) and after
(g) debridement, and
removal of the lesion. The
excised cartilage (h)
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supplies and can therefore produce cartilage at
an accelerated rate. The high viscosity of the
intra articular product reduces the coefficient of
friction, within the joint, and thus reduces the
wear and tear on the cartilage surfaces [31–36].

2.3 Conclusions

Not all is known about cartilage pathologies
Osteochondral defects are usually diagnosed by
X-ray after the patient complains of knee pain
(Fig. 2.5). These lesions are full thickness
pathologies of the cartilage and need to be
repaired. The small lesions are attended to by
arthroscopic joint procedures wherein the
deceased tissues are extracted and the defect is
then either drilled in an attempt to institute
angioneoplasia or if the lesion is of a large
surface area another surgical technique is
instituted.

Large chondral defects can be replaced using
autologous osteochondral grafting or bone bank
grafts. The use of banked osteochondral grafts
have been used to replace entire femoral con-
dyles, large areas of the tibial plateau or even the
entire articulation [37–43]. In institutions where
bone banking is not available, uni-condylar
prostheses are available and hence the problem
of large damaged surfaces can be addressed.

With an eye to the future wherein specific
cells can be cultured in a laboratory the era is
dawning for the production of cartilage extra
corporal and then the insertion of the product
into the joint cartilage defect. The theory is
sound but to date the results are less spectacular.
The incorporation and survival of the implant
still needs further development.

Articular cartilages are structured in such a way
that they provide advantageous biomechanical
properties to the bone ends. The cartilage is
durable and demonstrates a low co efficient of
friction. Cartilage can be destroyed by congenital,
metabolic, traumatic, inflammatory, malalign-
ment or neoplastic pathologies. The most common
cause is excessive wear associated with insuffi-
cient production, this occurring mainly in elderly
patients. Cartilage replacement from banks or

laboratory cultured cells will, in time, provide a
more modern form of therapeutic modality.
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3Imaging Techniques of Articular
Cartilage

Carmen Martı́n-Hervás

3.1 Introduction

Articular cartilage is a smooth, firm, and elastic
tissue, avascular and not innervated. It consists
of an extracellular matrix and a single cell type
in small proportion, chondrocytes, embedded in
the matrix. These cells are highly specialised in
the formation of extracellular matrix. They also
keep the tissue homeostasis in response to the
degradation of the matrix and the mechanical
stress of the joint.

The extracellular matrix consists mainly of
proteoglycans and collagen fibres that form a three
dimensional dense network where the joint fluid
flows. The collagen fibres confers cartilage its
shape, elasticity and mechanical strength, and rep-
resents 60 % of the dry weight of this tissue. 95 %
of the articular cartilage is collagen type II [1].

Chondral knee lesions are frequent and
produce important functional limitations and
arthrosis development. Osteoarthritis or osteo-
arthrosis (OA), is the term used for a disorder of
uncertain aetiology that is characterised by focal
cartilage erosions and fissures, progressive
cartilage loss, bony sclerosis, cyst, and osteo-
phyte formation [2, 3].

One of the most common injuries of the
articular cartilage of the knee is osteochondritis
dissecans (OD), a disease of unknown cause that
causes pain and joint dysfunction. It is divided
into two types, juvenile and adult based on the
skeletal maturation. The juvenile type affects
children and adolescents while the adult type
occurs in late adolescents and young adults. This
disease is more prevalent in males and is bilat-
eral in 25 % of cases [4, 5].

The surgical treatment of articular cartilage
lesions consists of different techniques: Stimu-
lation of bone marrow through microfractures
and drilling, cell therapy with autologous chon-
drocyte implantation (ACI), tissue therapy with
mosaicplasty, osteochondral transplant, osteoto-
mies and prosthetic surgery [6–8]. The clinical
evaluation and biopsy are used for monitoring
and follow-up purposes of the chondral repair
procedures. Nevertheless, biopsies of the artic-
ular cartilage are invasive and are associated
with surgical morbidity, limiting their use in
routine monitoring.

The imaging techniques, conventional
radiography (X-ray) and magnetic resonance
imaging (MRI), may become useful for the
evaluating articular cartilage defects of the knee.
MRI is the best tool for the diagnosis of chondral
defects and further surgical planning. After
treatment, it is used to assess the cartilage graft
status and to diagnose complications, being able
to evaluate [6, 7, 9, 10].
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3.2 Radiography

Conventional radiographs (X-ray) are the initial
radiologic study in most suspected knee disor-
ders [11]. Radiographs demonstrate joint spaces
and bones, but are relatively insensitive to soft-
tissue conditions (except those composed largely
of calcium or fat), destruction of medullary
bone, and early loss of cartilage. A minimum
examination consists of an anteroposterior (AP)
and lateral projection (Fig. 3.1).

For the early detection of articular cartilage
loss, a posteroanterior (PA) radiograph of both
knees with the patient standing and knees mildly
flexed is a useful adjunct projection (Fig. 3.2). A
joint space difference of 2 mm side-to-side cor-
relates with grade III and higher chondrosis [12].
In patients with anterior knee symptoms, an axial
projection of the patellofemoral joint, such as a
Merchant view, can evaluate the patellofemoral
joint space and alignment [13] (Fig. 3.3).

Chondrosis refers to degeneration of articular
cartilage. With progressive cartilage erosion,
radiographs show the typical findings of osteo-
arthritis, namely, non-uniform joint space
narrowing and osteophyte formation [14].

X-ray has been successfully used for decades
to objectively evaluate and stage arthropathy. It is
widely used in evaluating the long-term progres-
sion of OA and is able clearly to depict the
established hallmarks of OA, namely joint space

narrowing, subchondral sclerosis, subchondral
cyst formation, and osteophytosis [3].

Conventional radiography is limited, however,
by its inability directly to visualise articular car-
tilage, the tissue in which the earliest insults of
OA are thought to occur. Radiographic measure-
ments of joint space width cannot differentiate
between femoral and tibial cartilage loss and do
not reveal the distribution pattern of tissue deg-
radation throughout the joint surface. Moreover,
highly standardised positioning procedures and
even fluoroscopic control of the exact position of
the joint are required to obtain reproducible data

Fig. 3.1 AP (a) and
lateral views (b) of the
knee demonstrating
osteochondritis dissecans
that affects the lateral
portion of the medial
condyle (arrow)

Fig. 3.2 Severe osteoarthritis of both knees (a) and (b). In
the right knee a total knee arthroplasty was performed (a)
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on joint space narrowing, which is used as a sur-
rogate measure of cartilage degeneration and
disease progression [3, 12, 13].

MR imaging offers the distinct advantage of
visualising the articular cartilage directly. MR
imaging can detect signal and morphologic
changes in the cartilage and has been used to
detect cartilage surface fraying, fissuring, and
varying degrees of cartilage thinning [3, 15, 16].

Findings of arthropathy demonstrated on
X-ray include osteoporosis, osteonecrosis, bone
cysts, joint space irregularity and narrowing,
angulations of the knee, etc. Cartilage destruction
cannot be visualised directly, but only inferred
from changes, such as loss of joint space and an
irregular subchondral surface. Assessment of
joint space loss is difficult in children, particularly
if comparison films are not available [2].

Soft-tissue swelling and joint effusion can be
suggested, but is often not clearly delineated
(Fig. 3.4).

The clinical practice guideline of the
American Academy of Orthopaedic Surgeons is
based on a series of systematic reviews of
published studies in the available literature on
the diagnosis and treatment of OD of the knee.
Both of the weak recommendations are related
to imaging evaluation. For patients with knee
symptoms, radiographs of the joint may be
obtained to identify the lesion. For patients
with radiographically apparent lesions, MRI
may be used to further characterize the

osteochondritis dissecans lesion or identify
other knee pathology [17].

3.3 Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) was intro-
duced as a medical imaging modality in the
1980s and it uses radiowaves and magnetic
fields [18].

MRI has been shown to more accurately
assess an arthropathy than radiography. MRI has
obvious advantages, including the increased
level of detail of soft-tissue and cartilage

Fig. 3.4 Osteoarthritis. X-ray lateral view of the knee
demonstrating joint effusion (arrow), osteoporosis, non-
uniform joint space narrowing and osteophyte formation
(arrowhead)

Fig. 3.3 Axial projection computed tomography CT of
the patellofemoral joint. Osteocondritis dissecans of the
patella (arrow)
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changes and lack of ionising radiation, but it is
more costly, less accessible, more time con-
suming and requires sedation in younger chil-
dren. MRI is the imaging method of choice for
detecting the abnormalities of articular cartilage
of the knee, staging their severity, and following
the effects of treatment.

3.3.1 Imaging Protocols for the Knee

MRI of the knee has seen significant advances
since its initial application for evaluation of the
meniscus [2]. MRI has emerged as the premier
imaging modality for the knee. It is the most
sensitive, non-invasive test for the diagnosis of
virtually all bone and soft-tissue disorders in and
around the knee. Additionally, MRI provides
information that can be used to grade pathology,
guide therapy, prognosticate conditions, and
evaluate treatment for a wide variety of ortho-
paedic conditions in the knee. MR arthrography
following the direct intraarticular injection of
gadolinium-based contrast agents increases the
value of the examination in selected knee con-
ditions, including evaluation of the post-opera-
tive knee, detection and staging of chondral and
osteochondral infractions, and discovery of
intraarticular loose bodies (Fig. 3.5).

High-quality knee MRI can be performed on
high- or low-field systems with open, closed, or
dedicated-extremity designs, as long as careful
technique is used.

Use of a local coil is mandatory to maximise
signal-to noise ratio (SNR). Images are acquired
in transverse, coronal, and sagittal planes, often
with mild obliquity on the sagittal and coronal
images to optimize visualisation of specific lig-
aments [14]. Trochlear groove chondral lesions
are best evaluated with sagittal images, whereas
patellar facet chondromalacia is best assessed on
axial images [2] (Fig. 3.6).

A combination of different pulse sequences
provides tissue contrast. Spin-echo T1-weighted
images demonstrate haemorrhage, as well as
abnormalities of bone marrow, and extraarticular
structures that are bounded by fat. Proton-density
(PD) weighted (long repetition time, short

Fig. 3.5 T2 weighting fat-
suppression coronal (a) and
sagittal (b) the patient with
osteochondritis dissecans
lesion (arrow) and
intraarticular loose bodies
(arrowhead)

Fig. 3.6 Axial proton-density weighted image: deep
medial patellar facet fissure in grade III chondromalacia
(arrow)
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effective echo time) sequences are best for
imaging fibrocartilage structures like the menisci
and articular cartilage. T2 or T2* weighted ima-
ges are used to evaluate the muscles, tendons,
ligaments, and articular cartilage. These fluid-
sensitive sequences can be obtained using spin-
echo, fast spin-echo (FSE), or gradient recalled
techniques (Fig. 3.7).

Suppressing the signal from fat increases the
sensitivity for detecting marrow and soft-tissue,
improving the visualisation of articular cartilage,
fluid, oedema, and contusions. 3D gradient
recalled acquisitions can provide thin contiguous
slices for supplemental imaging of articular
cartilage [15].

To consistently visualise the critical struc-
tures in the knee, standard MRI should be done
with a field-of view no greater than 16 cm, 3- or
4-mm slice thickness, and imaging matrices of at
least 192 9 256. Depending on the MRI system
and coil design, in order to achieve this spatial
resolution with adequate SNR, other parameters,
like the number of signals averaged and the
receive bandwidth, may need to be optimised. A
phased-array extremity coil (available in trans-
mit-receive and in receive-only eight-channel

designs) provides a uniform SNR across the
knee. Field homogeneity can be improved and
image artefacts minimised by the imaging
enhancement options selected [2].

Musculoskeletal MRI presents unique techno-
logical challenges. High-resolution imaging of the
small-scale anatomy of articular cartilage demand
2D multislice sequences with in-plane resolution
of at least 0.5 mm (preferably 0.2–0.3 mm), with a
slice thickness of 1–3 mm [1]. The many soft-
tissue interfaces inherent to musculoskeletal
anatomy and morphology also present challenges
to successful imaging. Changes in magnetic
susceptibility can occur at the interfaces between
cartilage, cortical bone, and bone marrow.
Therefore, when placed in a magnetic field, these
interfaces generate abrupt changes in local
magnetic field gradients, creating a faster signal
decay due to spin–spin dephasing (T2*) (Fig. 3.8).
In addition, patients may have metallic prostheses,
haemosiderin deposits or postsurgical debris,
which produce additional magnetic susceptibility
artefacts (Fig. 3.9). Physiologic imaging

Fig. 3.7 Sagital FS (fluid sensitive) PD (proton density)
FSE (fat spin-echo) image. Osteochondral trauma and
bone marrow contusion (arrow) after patellar dislocation

Fig. 3.8 The GRE T2* coronal MRI view of a knee
shows subchondral cysts (arrow) and mild haemosiderin
deposits (arrowhead) intensely black, conversely to the
adjacent soft-tissues
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techniques such as T2 mapping or contrast-
enhanced imaging do not replace standard mor-
phologic cartilage imaging techniques [2, 19].

3.3.2 MRI of Cartilage Degeneration

One of the early changes of osteoarthritis (OA) is
localised fibrillation, which represents disruption
of superficial articular cartilage layers. When
extensive, fibrillation may have deep projections
that reach subchondral bone.

MRI offers a unique opportunity to evaluate
all components of a joint simultaneously and
therefore to provide a whole organ assessment of
the status of structural damage in patients with
OA. Whole organ assessment could help
discriminate different patterns of intra-articular
involvement in OA; detect early, potentially
preclinical, stages of OA; identify structural risk
factors for developing clinical OA; or increase
scope and sensitivity to change for monitoring
disease progression and treatment response in
patients with established OA. This would aid
subject selection, treatment monitoring, and
safety assessment in clinical trials of putative

new therapies for OA and in studies exploring the
pathophysiology and epidemiology of OA [16].

On MR images, internal signal intensity
changes do not reliably correlate with cartilage
degeneration [14, 15]. Instead, the diagnosis of
chondrosis is based on visualisation of joint fluid
(or injected contrast) within chondral defects at
the joint surface. The accuracy of MRI imaging
increases for deeper and wider defects. Many
different pulse sequences provide enough tissue
contrast between fluid and articular cartilage. The
most commonly used ones are T2-weighted fast
spin-echo and fat-suppressed (FS)—spoiled
gradient recalled-echo sequences. T1-weighted
spin-echo sequences are used in knees that have
undergone arthrography with a dilute gadolinium
mixture. However, fat-suppressed T2-weighted
images have the added advantage of showing
reactive marrow oedema in the subjacent bone
(analogous to the subchondral uptake seen on
bone scans), which is often a clue to the presence
of small chondral defects in the overlying joint
surface [14] (Fig. 3.10).

3.3.3 Patellofemoral Joint

The chondromalacia is commonly associated
with patellofemoral overload or misalignment.
Softening of the articular cartilage with
associated degenerative changes is responsible
for the spectrum of changes seen. Patella alta, an
increased valgus angle, and femoral condyle
hypoplasia may predispose the patient to
cartilage changes involving both the medial and
lateral facets. Sclerosis or hyperaemia of the
subchondral bone may be associated with
articular cartilage changes, including softening,
oedema, and fissuring (Fig. 3.6).

Outerbridge [20] has classified chondromala-
cia into arthroscopic grades that have been
correlated with findings on MR imaging:
Grade 1 chondromalacia with softening of artic-

ular cartilage, represents closed chondromalacia,
which includes softening and blistering.

Grade 2 chondromalacia with fragmentation and
fissuring less than 0.5 in. in diameter.

Grade 3 chondromalacia with fragmentation and
fissuring greater than 0.5 in. in diameter.

Fig. 3.9 Coronal T2 fat sat with magnetic susceptibility
artefacts by postsurgical metallic debris
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Grade 4 with full-thickness chondral erosion to
exposed subchondral bone.
Advanced patellofemoral arthrosis (arthritis)

and end-stage chondromalacia may have the
same appearance; however, subchondral
erosions or cyst formation is better classified as
patellofemoral arthritis.

Another arthroscopic grading system,
developed by Shahriaree et al. [21] incorporates
both traumatic and nontraumatic types of
chondromalacia. Since chondral softening and
early blister formation often occur together, the
Outerbridge classification [20] may be more
practical in describing MRI findings.

Correlation with pathologic specimens has also
demonstrated the ability of MRI to characterise
cartilage morphology, particularly ulcerations of
the cartilage surfaces (i.e., fibrillation) [22].

Cartilage erosions may be the source and
donor site of loose bodies (Fig. 3.11).

Associated thinning of articular cartilage or
articular cartilage chondromalacia of the troch-
lear groove, including both the anterolateral

femoral condyle and anteromedial femoral
condyle, as well as subchondral sclerosis of the
trochlear groove should be evaluated as associ-
ated pathology. Osteochondritis dissecans
patellae may be associated with patellar
subluxation. The subchondral fragment usually
remains in situ (Fig. 3.3).

3.3.4 MRI Appearance
of Osteochondritis Dissecans

Osteochondritis dissecans (OD) represents an
osteochondrosis characterised by necrosis of
bone followed by reossification and healing.
Classically, lesions are located in the lateral
aspect of the medial femoral condyle (55 %) [4]
(Fig. 3.1).

An arthroscopic staging system for osteo-
chondritis has identified four stages of disease:
[17]
• In stage 1 disease the lesion is 1–3 cm and the

articular cartilage is intact.
• Stage 2 disease is characterised by an articular

cartilage defect without a loose body.
• In stage 3, a partially detached osteochondral

fragment, with or without fibrous tissue
interposition, is found.

Fig. 3.11 Axial FS PD FSE image with loose body
(arrow)

Fig. 3.10 Coronal T2-weighted fast spin-echo: chondral
defects in the overlying joint surface, oedema in the
subjacent bone and subchondral cysts (arrow)
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• Stage 4 demonstrates a loose body with a
crater filled with fibrous tissue. The dislodged
or free fragment may be seen on a different
MRI image than the donor site. The free
fragment may still contain a chondral surface.
On MRI imaging, the focus of osteochondri-

tis demonstrates low signal intensity on T1- and
T2-weighted images before it can be detected on
conventional radiographs.

Overlying defects in the articular cartilage are
best appreciated on FS PD-weighted FSE images,
where fluid is brighter than adjacent articular
cartilage [2]. MRI is particularly valuable in
demonstrating associated free and loose osteo-
chondral and chondral fragments [23] (Fig. 3.11).

3.3.5 Postoperative MRI Appearance
of the Articular Cartilage
Defects of the Knee

After treatment, the MRI is used to assess the
cartilage graft status and to diagnose complica-
tions, being able to evaluate:
• The extent of filling of the defect by the

reparative tissue (Fig. 3.12).
• Integration of the graft with the hyaline car-

tilage and subchondral bone.
• Appearance of the transplant surface (Fig. 3.13).
• Other abnormal findings [6, 7, 9, 10].

The direct magnetic resonance arthrography
distends the joint with a solution containing gad-
olinium, allowing a better assessment of the
operated knee. However this is an invasive pro-
cedure which lacks of broad acceptance among
the patients and is not without complications.
These are the reasons why the indirect magnetic
resonance arthrography which consists in the
administration of intravenous contrast, can be
very useful because it also has a better definition
compared to conventional MRI and is not as
invasive as the direct procedure. Then, the most
commonly used are coronal and sagittal

T1-weighted fat-suppressed spoiled gradient
recalled-echo sequences, after the intravenous
administration of gadolinium and 15 min of
unloaded knee flexion exercise [7, 24] (Fig. 3.14).

There are classification systems in use for
grading the articular cartilage defects of the
knee. The Magnetic Resonance Observation of
Cartilage Repair Tissue (MOCART) Scale was
applied for reading the MRI on operated knee,
studying the degree of filling of the repaired
cartilage, its integration with adjacent cartilage,
the articular surface, homogeneity and signal
intensity of the repaired tissue, the state of the
subchondral plate, the integrity of the subchon-
dral bone and complications [9, 25].

Fig. 3.12 Coronal T2 fat sat weighted image Autologous
chondrocyte implantation (ACI). Homogeneously hypo-
intense signal. Defect repaired and integrated (arrow)
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3.3.6 General Pathologic Conditions
Affecting the Articular Cartilage

Arthritis
Assessment of the extent and progression of
disease, as well as therapeutic response, in
arthritic disorders in adults and in juvenile
chronic arthritis (formerly known as juvenile
rheumatoid arthritis) is enhanced by MR imag-
ing of articular cartilage. Joint effusions, syno-
vial reactions, popliteal cysts, and osteonecrosis
can be demonstrated and evaluated with MR
studies, even in patients with negative findings
on conventional radiographs [2].

Haemophilic Arthropathy
In MR studies, haemosiderin and fibrous tissue,
formed from repeated episodes of joint haem-
orrhage, demonstrate low signal intensity on

T1- and T2-weighted images (Fig. 3.8). The
initial synovial reaction to intraarticular haem-
orrhage is associated with synovial hypertrophy.
In more advanced disease articular cartilage
damage progresses from fibrillation to erosions.
Although conventional radiographs are normal
in the early stages of disease, articular cartilage
irregularities and erosions can be detected on
MR scans [18].

Osteochondral Fractures
These are associated with trauma, including
direct injury, ligament ruptures, and patellar
dislocations. FS PD FSE images are sensitive to
chondral fractures, flaps, and osteochondral
trauma by demonstrating the extent and location
of fluid extension across the fracture segment
(Fig. 3.7).

Fig. 3.13 Coronal T2 fat sat weighted image ACI.
Fissure and integration incomplete (arrow) Fig. 3.14 ACI. Coronal T1 fat sat gadolinium integral,

which defines the minimum enhancement implant (arrow)
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3.4 Other Imaging Techniques

With progressive cartilage erosion, radiographs
show the typical findings of osteoarthritis. Before
these findings are apparent, bone scintigraphy may
show increased uptake in the subchondral bone
adjacent to arthritic cartilage. The activity repre-
sents increased bone turnover associated with
cartilage turnover. Direct visualisation of the car-
tilage requires a technique that can visualise the
contour of the articular surface.

On standard computed tomography (CT)
examination, there is inadequate contrast
between articular cartilage and joint fluid to
visualise surface defects, while CT arthrography
using dilute contrast can show even small areas
of degeneration (Fig. 3.15). However, MRI is
the most commonly used imaging modality to
examine degenerated articular cartilage [14].

3.5 Conclusions

Diagnostic imaging is used to objectively eval-
uate and stage articular cartilage defects of the
knee. X-ray is useful to monitor advanced stages
of the disease once considerable cartilage and/or
bone damage has occurred in the joint. MRI,
with its excellent soft-tissue contrast, can accu-
rately evaluate the early changes and the less
advanced joint damage seen in patients receiving
therapy. MRI is the imaging method of choice
for detecting the abnormalities of articular
cartilage, staging their severity, and following
the effects of treatment. FS PD FSE and PD FSE
are routinely used as morphologic imaging
techniques in the evaluation of articular cartilage
lesions MRI is an effective, non-invasive, and
reproducible technique, allowing us to assess the
articular cartilage defects and repair them. MRI
also allows the morphological assessment of the
articular surface, as well as its internal structure,
thickness, volume and the subchondral bone
characteristics.
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4Refixation of Detached Fragments

Eduardo Garcı́a-Rey

4.1 Introduction

The complexity of movement of the knee is
possible due to the excellent properties of
articular cartilage. This specialised tissue pro-
vides a weight bearing that allows the slide of
the femur and the tibia, thus, the superficial layer
of the cartilage decreases the high forces that act
during the different phases of walking. Cartilage
thickness depends on the diffusion of synovial
fluid and the weight that the joint supports. The
structure and composition of the matrix of car-
tilage can be affected by the degradation of
proteins which decreases mechanical properties.
One of the main functions of articular cartilage
is to increase the contact area during the appli-
cation of forces to the joint in order to augment
the distribution of weight. The current under-
standing is that the pressure of the synovial fluid
supports pressure as the matrix supports tension.
Chondrocytes regulate the structure of the
matrix and are responsible for the adaptation to
functional demands: high forces stresses and
physical activity increase the amount of prote-
oglycans, but decreasing weight diminishes the
amount of proteoglycans [1].

4.2 Basic Science

Although the characteristics of articular cartilage
are excellent, the ability of repair is very limited.
This has been very well known for a long time
and further studies have confirmed these find-
ings [2]. There are more problems related to the
injuries of articular cartilage: although there are
many reports that try to explain this process, the
attempts at repair are not ideal, and the prog-
nosis of the lesions is frequently unpredictable.
To date, most of the time the articular damage is
secondary to other injuries such as ligaments,
meniscal tears or fractures that change the
physiological axis of the limb.

The repair potential depends on the depth of
the lesion: superficial tears usually do not heal,
whereas injuries that are confined to the whole
thickness of the cartilage heal although the
mechanical properties are not normal. Another
critical aspect is the size of the lesion, and it is
not clear if weight bearing helps during the
healing process. Based on these different char-
acteristics of the difficult repair of articular
cartilage, different procedures have tried to
improve the clinical benefit for patients that
suffer this complex pathology.

One of the most important factors that help to
predict the repair potential is the participation of
the subchondral bone, due to its ability to create
an inflammatory tissue that will produce fibro-
cartilage; nevertheless, this new tissue is not the
perfect solution for the joint [3]. The mechanical
properties can decrease and the appearance of

E. García-Rey (&)
Department of Orthopaedic Surgery, ‘‘La Paz’’
University Hospital-IdiPaz, Paseo de la Castellana
261, 28046 Madrid, Spain
e-mail: edugrey@yahoo.es

E. C. Rodríguez-Merchán (ed.), Articular Cartilage Defects of the Knee,
DOI: 10.1007/978-88-470-2727-5_4, � Springer-Verlag Italia 2012

37



degenerative arthritis is not infrequent. This is
very important when the patient is young and
active, and the different treatments are not as
predictable as total knee replacement is for the
elderly. It is very important to address the
diagnoses of the injury of the patient correctly.
Chondral lesions may be surgically treated when
conservative management fails, symptomatically
by debridement, the bone marrow can be stim-
ulated by microfracture, perforation or abrasion
or using different techniques of chondrocyte
transplantation, allograft or autograft transplan-
tation. When an osteochondral fragment is
unstable or detached inside the knee, there are
several available surgical options.

4.3 Detached Fragments
and Chondral Lesions
of the Knee

So-called free bodies in the knee joint are a
problem recognised by many orthopaedic sur-
geons more than one hundred years ago [4].
There are some conditions that can produce or
simulate free bodies inside the knee including
osteochondral fractures, ossification accessories,
epiphyseal dysplasia and osteoncrosis.

Osteochondritis dissecans (OCD) is a process
that is usually due to repeated microtraumatisms
during months or years and must be distin-
guished before or after skeletal maturity. The
juvenile disease affects the weight bearing area,
classically in the lateral aspect of the medial
condyle of the distal femur, in patients who
practise several sports, and usually the symp-
toms arise over several months. Although usu-
ally only one knee is damaged, studies with
scintigraphy reveal that in many cases there is a
bilateral lesion, however, this produces very
slight symptoms such as a relative stiffness of
the knee or swelling after exercise. The prog-
nosis of juvenile OCD is good, since most
patients have very slight symptoms, but early
detection of the disease is critical. A very active
adolescent presenting with minimal complaints
in the knee should alert the physician to take this
disease into account.

A complete radiological analysis with radio-
graphs (anteroposterior, lateral and tunnel
views), scintigraphy (to observe the activity of
the lesion) and evaluation by Magnetic Reso-
nance (to assess the complete thickness of the
cartilage) are the most complete tools to deter-
mine the lesion. The location of ostechondral
lesions can be evaluated following the Cahill
and Berger classification [5], which divides the
anteroposterior part in five areas and the lateral
part of the distal femur in three.

The goal of treatment should be the healing of
the lesion before skeletal maturity and to stop
progression to a possible OCD when the adoles-
cent is an adult. The initial management of juve-
nile OCD must be conservative with a restriction
of physical activity during 6 to 8 weeks and even
the use of two crutches when there is pain during
walking. The compliance of the patient is very
important during these weeks because it is not
infrequent that the adolescent is involved in sev-
eral sports and the information to parents is crit-
ical. More than one half of the patients will heal
and the indications for surgery should be made if
the clinical symptoms do not decrease and/or
there is a detachment of the fragment [6, 7].

4.4 Surgical Options of Detached
Fragments

The determining factors for treatment are the
skeletal maturity of the patient, the stability of
the lesion, the subchondral bone and bone–car-
tilage interface. The aim of surgical treatment is
the anatomic reconstruction of the articular
surface, to improve the vascular supply of the
fragment, and the fixation of the unstable frag-
ments in order to restart the normal range of
movement as soon as possible.

The intraoperative description of the lesion
depends on the situation of the cartilage and the
stability of the lesion: stage I, cartilage softening
without breach; stage II, breach cartilage that is
stable; stage III, a definable fragment that is
partially attached; stage IV, a loose fragment
that is completed detached [8]. With arthroscopy
the technique of surgical fixation have changed,

38 E. Garcı́a-Rey



however, sometimes the accessibility to correct
anatomically the fragment is very poor so it is
better to do an arthrotomy, such as large lesions
located in the posterior are of the condyles
(zones B–C or C, according to Cahill and
Berger). The excision of unstable osteochondral
lesions usually provides fair or poor long-term
results, so most of surgeons suggest replacing
the fragment [9]. When there is a small lesion-
located at the lateral condyle, the excision of the
osteochondral lesion can be done, the long-term
clinical results are good, although there is radi-
ological evidence of degenerative changes [10].

The evolution of the OCD in the adult is worse
than in the skeletally immature patient. The
fragment is usually detached and the non-

operative treatment fails to solve the problem.
The location of the lesion is very important: the
typical lateral lesion of the medial femoral con-
dyle is the most common, is more anterior, due the
disorders between the femoropatelar and the
femorotibial joints, and is smaller; a lesion in the
lateral condyle, is less common, although it is
more posterior and larger; the patellar lesion is not
common or small, however, and may be very
painful [11].

The cartilage of lesion is not regular and the
subchondral bone shows sclerosis and avascular
areas, sometimes mixed with vascular areas that
could suggest a healing process. The response of the
bone is to produce several small parts and a fibrous
tissue is formed. The lesion usually is unstable and

Fig. 4.1 Intraoperative fluoroscopic image of an unstable lesion in a 21-year-old female patient (a). Intraoperative
fluoroscopic image of the lesion fixed with a temporary Kirschner wire (b). Arthroscopic image of the lesion fixed
with a bioabsorbable pin (c)
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produces clinical symptoms in the knee. Although a
fibrocartilage tissue may be observed in small
lesions with improvement in the pain and function of
the knee, it mostly produces degenerative changes.

Since excision of the osteochondral fragments
is simple by arthroscopic surgery and is done if the
lesion is comminuted and is in the knee for a long
time, the fixation of the detached fragment is
desirable.

4.5 Refixation of Detached
Fragments

Smillie was the first to suggest the benefits of
internal fixation of unstable osteochondral
lesions in the knee [12]. He emphasised proper
preparation of the fragments and their beds. The
subchondral bone must be preserved and con-
gruent as well as the fibrous tissue to be excised
and the esclerotic areas in order to obtain a vas-
cularised bottom. During surgery, the dense
avascular bone must be curetted or drilled until a
bleeding bone is observed. Different hardware has
been used for fixation: Kirschner wires, bone
pegs, biodegradable pins and bicortical or conical
screws. Wires were used for some years, but these
must be removed in order to avoid pain [13]. The
compressive characteristics of screws and the
reported clinical outcome suggest that they are an
excellent tool for fixation [14]. In a second-look
arthroscopy study, Makino et al. reported the
stability of the fragment fixed by a Hertbert screw
[15]. They also showed the evidence of healing in

Magnetic Resonance images. Bioabsorbable pins
made of poly-L-lactic acid have also provided
good clinical and imaging results [16] (Fig. 4.1).
Table 4.1 attempts to summarise the different
series.

During recent years, several reports have
attempted to describe the evolution of the fixa-
tion of unstable lesions in the OCD of the knee.
Since cartilage depends on the subchondral bone
but also synovial fluid, the loose fragment may
be viable due to these properties [17]. Adachi
et al. demonstrated some regeneration of carti-
lage after fixation, with an improvement in the
layered structure of the articular cartilage and an
abundant extracellular matrix; they performed
ten biopsy specimens in a second-look knee
arthroscopy after fixation of an unstable lesion
of OCD with poly-L-lactide pins with an aver-
age time of 7.8 months [18]. Thus, Pascual-
Garrido et al. observed that the cellular viability
of the loose body was similar to the viability
from the healthy intercondylar notch of the distal
femur, so reduction and internal fixation is rec-
ommended [19].

4.6 Conclusions

Refixation of the detached fragment in the
presence of a loose body of an osteochondral
lesion in the knee provides good results in young
and active patients. The prevention of degener-
ative changes in these patients is one of the goals
of management of these injuries.

Table 4.1 Summary of
four series published in the
literature

Number
of
knees

Hardware Excellent
or
good
clinical
results

Radiological
changes

Lipscomb et al.
[13]

8 Kirschner wire 7 Minimal

Rey Zúñiga et al.
[14]

11 Herbert screw 8 Correlation
healing

Makino et al. [15] 15 Herbert screw 13 Healed 14 lesions

Dines et al. [16] 9 Poly-L-lactic
pins

8 Healed 7 lesions

40 E. Garcı́a-Rey



References

1. Sah RL, Kim YJ, Doong JY et al (1989) Biosynthetic
response of cartilage explants to dynamic
compression. J Orthop Res 7:619

2. Wei X, Gao J, Messner K (1997) Maturation-
dependent repair of untreated osteochondral defects
in the rabbit knee joint. J Biomed Mater Res 34:63

3. Buckwalter JA, Mankin AJ (1997) Articular cartilage
II. Degeneration and osteoarthrosis, repair
regeneration and transplantation. J Bone Joint Surg
Am 79-A:147

4. Cahill B (1985) Treatment of juvenile
osteochondritis dissecans and osteochondritis of the
knee. Clin Sports Med 8:367

5. Cahill BR, Berger BC (1983) 99 m-Technetium
phosphate compound joint scintigraphy in the
management of juvenile osteochondritis dissecans
of the femoral condyle. Am J Sports Med 11:329

6. Edelstein J (1997) Osteochondritis dissecans with
spontaneous resolution. J Bone Joint Surg Br 79-
B:343

7. Wall E, Von Stein D (2003) Juvenile osteochondritis
dissecans. Orthop Clin North Am 34:341

8. Guhl JF (1982) Arthroscopic treatment of
osteochondritis dissecans. Clin Orthop 167:67

9. Anderson AF, Pagnani MJ (1997) Osteochondritis
dissecans of the femoral condyles: long-term results
of excision of the fragment. Am J Sports Med 25:930

10. Lim HC, Bae YE, Park YE et al (2012) Long-term
results of arthroscopic excision of unstable
osteochondral lesions of the lateral femoral
condyle. J Bone Joint Surg Br 94-B:185

11. Garrett JC (1991) Osteochondritis dissecans. Clin
Sports Med 10:569

12. Smillie IS (1974) Diseases of the knee joint.
Churchill Livingstone, Edinburgh, pp 360–389

13. Lipscomb PR Jr, Lipscomb PR Sr, Bryan RS (1978)
Osteochondritis dissecans of the knee with loose
fragment. Treatment by replacement and fixation
with readily removed pins. J Bone Joint Surg Am
60:235

14. Rey Zúñiga JJ, Sagastibelza J, Lopez Blasco J,
Martinez GM (1993) Arthroscopic use of the Herbert
screw in osteochondritis dissecans of the knee.
Arthroscopy 9:668

15. Makino A, Muscolo DL, Puigdevall M et al (2005)
Arthroscopic fixation of osteochondritis dissecans of
the knee: clinical, magnetic resonance imaging, and
arthroscopic follow-up. Am J Sports Med
33:1499–1504

16. Dines JS, Fealy S, Potter HG, Warren RF (2008)
Outcomes of osteochondral lesions of the knee
repaired with a bioabsorbable device. Arthroscopy
24:62–68

17. Lee D, Salih V, Stockton E, Stanton J, Bentley G
(1997) Effect of normal synovial fluid on the
metabolism of articular chondrocytes in vitro. Clin
Orthop Relat Res 342:228

18. Adachi N, Motoyama M, Deie M et al (2009)
Histological evaluation of internally-fixed
osteochondral lesions of the knee. J Bone Joint
Surg Br 91-B:823

19. Pascual-Garrido C, Tanoira I, Muscolo DL (2010)
Viability of loose body fragments in osteochondritis
dissecans of the knee. A series of cases. Int Orthop
34:827

4 Refixation of Detached Fragments 41



5Debridement, Joint Lavage
and Cartilage Shaving
Alonso Moreno-Garcı́a

5.1 Introduction

Articular cartilage lesions are frequent findings
in arthroscopy. Some authors rate this finding as
high as 60 % of procedures independently of the
indication. The impairment to quality of life that
this kind of lesion inflicts upon patients is well
documented [1]. The natural history of cartilage
defects is not predictable, although clinical
experience suggests that these lesions do not
heal and may progress to more severe joint
degeneration. Typical symptoms are pain and
swelling related to activity. Some patients also
experience locking or catching, usually associ-
ated with larger defects. Pain during impact
activities like running or descending stairs is
characteristic of femoral condyle lesions, while
patello-femoral defects cause knee pain during
stair climbing or rising from a chair. There are
no specific findings on examination of these
patients. Tenderness on palpation can be present,
as well as effusion, and catching or clicking on
knee motion. Diagnostic imaging has been
addressed in a previous chapter. Now we will
undertake the review of three surgical tech-
niques for the treatment of knee cartilage
lesions: lavage, debridement and shaving.

5.2 Joint Lavage

The first description of symptoms amelioration
after joint lavage in arthritic knee was published
by Burman in 1934 [2]. It was an incidental
finding during diagnostic arthroscopy and
attributed to ‘‘the distention and thorough irri-
gation of the joint’’. Since then, a great number
of authors have reported their results of joint
lavage which, however, have been inconsistent.
Indications for this procedure would be cartilage
lesions in osteoarthritic patients. The proposed
physiological mechanism is the removal of pro-
inflammatory mediators, enzymes and debris,
along with a mechanical improvement due to the
extraction of intraarticular free bodies. Intraar-
ticular debris has been shown to induce synovitis
and an osteoarthritis like arthropathy when
injected into the joints of animals [3].

We can differentiate three types of joint lavage:
• Tidal irrigation which consists of one entry

point to alternatively inject fluid, and with-
draw it out.

• Non-arthroscopic joint lavage, using two entry
points, one to inject the fluid and the other one
for the withdrawal of it, without visual
inspection of the joint.

• Arthroscopic joint lavage with two entry
points and a visual inspection of the joint.
Many studies have addressed the efficacy of

joint lavage in its various modalities. However
there are just a few published well designed,
controlled and randomised studies. Most of the
studies are not controlled, and those that are
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controlled most of the time do not include
enough patients. The type of intervention varies
greatly also between studies, making it difficult
to obtain solid results in meta-analyses.

Moseley published in 2002 a controlled trial
to evaluate the efficacy of arthroscopic lavage
for the treatment of osteoarthritis of the knee [4].
A total of 180 patients with osteoarthritis of the
knee were randomly assigned to arthroscopic
debridement, arthroscopic lavage or placebo
surgery. The placebo procedure consisted of
three incisions in the skin, but no instruments
entered the portals. Outcomes were assessed
during a period of 24 months and included self
reported scores for pain and function, and one
objective test of walking and stair climbing.
Differences were not found between the inter-
vention groups for pain, function or the objec-
tive test. The authors found no evidence that
lavage was superior to the placebo procedure.

Another randomised controlled trial, published
by Arden in 2008, did find differences favouring
lavage over corticosteroid injection in knee osteo-
arthritis [5]. One hundred and fifty patients with
knee osteoarthritis were recruited. They were ran-
domised to either tidal irrigation using a 3.2 mm
arthroscopy cannula or an intra-articular injection
of 40 mg triamcinolone acetonide and 1 % lido-
caine. The primary outcome measure was the total
WOMAC pain score. Secondary outcomes inclu-
ded WOMAC physical function and stiffness score,
as well as self reported improvement, time to walk
50 m and to climb and descend 10 stairs and anal-
gesic intake. In this work, both procedures led to
significant pain relief, although tidal irrigation
displayed a significantly greater duration of bene-
fit. After 6 months, only 29 % of patients who
received corticosteroids reported continued
improvement, compared with 64 % of those who
underwent tidal irrigation. In both groups, the best
outcomes were reported in patients with effusion
and radiographic signs of mild osteoarthritis.

Recently, the Cochrane Musculoskeletal Group
published an intervention review on joint lavage for
osteoarthritis of the knee [6]. The objective was to
compare joint lavage with sham intervention, pla-
cebo or non-intervention. Randomised or quasi-
randomised controlled trials were included. Mean

differences for pain and function were calculated,
as well as the risk ratio for safety outcomes. Seven
trials fulfilled the criteria, with 567 patients included
with osteoarthritis of the knee. In the overall analysis
and for knee pain, joint lavage was not more effective
in pain reduction than control interventions. A dif-
ference in pain scores of 0.3 cm on a 10 cm VAS
was found, corresponding to a difference in
improvement from base line of 5 %. The analysis of
physical function showed no improvement in func-
tion compared to control interventions. The differ-
ence on improvement from baseline was of 7 %,
which corresponds to a difference in function scores
of 0.4 units on a WOMAC disability scale.

The question arises for orthopaedic surgeons
whether these lavage procedures could have small
but clinically important benefits that are missed
because of a limited sample size or methodolog-
ical bias. It is true that published results have been
inconsistent, but independent centres have
reported satisfactory outcomes. Favourable
prognostic factors have been pointed out: short
duration of mechanical-type symptoms, minimal
mechanical malalignment, absence of flexion
contracture, less severe radiographic changes, and
realistic patient expectations. These criteria could
differentiate a group of patients undergoing sig-
nificant improvement after joint lavage.

5.3 Debridement and Cartilage
Shaving

Arthroscopic debridement and shaving consists of
removal of loose bodies, hypertrophied synovium,
torn meniscal fragments, shaving of fibrillated
articular cartilage and removal of detached carti-
lage flaps. The physiological basis of these proce-
dures is the improvement of mechanical conditions
as well as the elimination of possible pro-inflam-
matory agents. Indications for debridement are
Outerbridge type 3 and 4 lesions (Table 5.1,
Fig. 5.1). This technique should only remove
unstable chondral fragments that may cause
mechanical symptoms. Mechanical debridement
(Fig. 5.2) does not stimulate articular cartilage
repair. A motorised shaver is usually used and only
fragmented areas should be debrided. The articular
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cartilage has to be probed to assess the extent and
grade of the lesion. Fragmented areas (Outerbridge
type 3) should be shaved without digging exces-
sively into the tissue. The objective is a stable
cartilage base. The unstable edges of type 4 lesions
may also be debrided. Some authors recommend
the use of thermal treatment after mechanical
debridement is concluded. Thermal techniques are

nowadays under investigation to demonstrate a
hypothetical prevention of extension of chon-
dropathy after its use. Concerns about heat damage
to healthy cartilage and subchondral bone have
been raised, especially knowing the sensibility of
chondrocites to heat [7]. The development of 50
degrees C controlled bipolar chondroplasty, how-
ever, has introduced new possibilities with good
results in some controlled studies [8].

The trial published by Sprague in 1981 was one of
the first studies designed to address the possible
benefits of mechanical debridement in patients with
osteoarthritis of the knee [9]. In this paper, 74 %
good outcomes were reported, at a mean follow-up of
13 months. Many other observational studies have
shown benefits for arthroscopic debridement. Nev-
ertheless, results of more recent studies are not con-
sistent. In 2002, Moseley published a prospective,
randomised and blinded study which did not show
any therapeutic benefit versus a sham placebo pro-
cedure [4]. One hundred and eighty patients were
included in the study, with a follow-up of 2 years.
These results challenged the use of arthroscopic
debridement in patients with knee osteoarthritis.
Kirkley in his trial published in 2008 also did not find
any benefit of arthroscopic lavage and debridement
when compared to physical and medical therapy
[10]. In this study 188 patients were randomly
assigned to surgical lavage and arthroscopic
debridement together with optimised physical and
medical therapy or to treatment with physical and
medical therapy alone. The outcomes were de WO-
MAC and SF-36 scores at 2 years. Results failed to
show superiority for the surgical treatment.

The Cochrane Musculoskeletal Group published
in 2008 a review on arthroscopic debridement for
knee osteoarthritis [11]. This study included three
controlled and randomised studies with a total of
271 patients. The authors concluded that there is
gold level evidence that arthroscopic debridement
has no benefit for indiscriminate osteoarthritis.
However, it is recognised that there may be groups
of patients or levels of severity of disease for which
the intervention may be effective, and that high
quality research on larger numbers of patients
should be conducted. The failure to use identified
favourable prognostic indicators in patient selection
has been argued against in the Moseley trial [4]. In

Table 5.1 Outerbridge intraoperative classification [14]

Grade Description Size (in.)

I Softening and swelling –

II Fragmentation and fissuring \0.5

III Fragmentation and fissuring [0.5

IV Erosion of cartilage to bone –

Fig. 5.1 Outerbridge III lesion observed by arthroscopy

Fig. 5.2 Mechanical debridement
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this trial results were not stratified by the grade of
arthritis, the presence of loose bodies, mechanical
symptoms, or meniscal lesions. Merchan published
in 1993 a study that found good results after
arthroscopic debridement in patients with limited
degenerative osteoarthritis of the femorotibial joint
with normal limb alignment [12]. More recently,
Siparski underlies the importance of selection cri-
teria when indicating arthroscopic debridement for
knee osteoarthritis [13].

5.4 Conclusions

The use of joint lavage and arthroscopic debridement
has increased over the last years, even though there is
no consensus on its efficacy. Randomised controlled
trials are scarce and no selection criteria have been
used, making it difficult to translate their results into
clinical practice. While we wait for new research
results, it will be wise for the practicing orthopaedic
surgeon to indicate these techniques in patients with a
shortduration of mechanical symptoms, agood range
of motion, no deformities in the coronal plane, no
prior surgery, and mild radiographic osteoarthritic
changes.
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6Drilling, Abrasion and Microfractures

José L. Leal-Helmling and Santiago Bello-Prats

6.1 Introduction

Cartilage lesions are observed in more than
60 % of all arthroscopies and even lesions that
are asymptomatic at the beginning may cause
symptoms over time [1].

There are several techniques that have been
described for the treatment of cartilage symptom-
atic lesions in the last decades. Some of the most
popular are joint debridement and abrasion, mo-
saicplasty, osteochondral transplantation, chon-
drocyte implantation and microfracture [1–3].

In this chapter we will try to acknowledge the
pearls and pitfalls of drilling, abrasion and
microfractures.

These techniques were developed for symp-
tomatic patients under 60 years too young for a
total knee replacement (TKR) or looking for
deferral of it. They try to stimulate a new
fibrocartilage where the hyaline cartilage has
disappeared due to degeneration. Fibrocartilage
wears much faster than hyaline cartilage so they
are considered palliative techniques [4].

6.2 Drilling

The drilling technique was first described by
Pridie in 1959 [5], which consist of drilling 0.25
inches into the sclerotic subchondral bone to
obtain a new cartilage-like joint surface. No
differences were seen between this technique
and abrasion by some authors and other stated
that they obtained multiple superficial islands of
fibrocartilage on the surface of sclerotic sub-
chondral bone instead of a full surface of fibro-
cartilage as obtained in abrasion [4, 6]. Because
of this, this technique was somehow replaced by
abrasion.

6.3 Articular Debridement
and Abrasion

Articular debridement was first described by
Magnuson in 1941. It includes removal of loose
bodies or blocking osteophytes, repair of meni-
scal tears (debriding) and scraping 1 mm of
exposed bone in joints (abrasion), so it is
unknown which is the clinical benefit of abra-
sion alone [4, 6–8] (Fig. 6.1).

As far as this chapter is concerned we will
focus in the treatment of the cartilage, and
therefore abrading. Fibrocartilage is produced
four months after a blood clot is generated by
abrasion in the surfaces of the joint where car-
tilage has degenerated and although it does not
have the same properties of the hyaline cartilage
it has proven to survive for several years [4].
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There are several authors that have good or
excellent results ranging 60–80 % through a
follow up from 1 to 4 years, even before
arthroscopic technique became widely used in
the 1970s [6].

As this technique was improved in time with
arthroscopy, because it improved the morbidity
of open techniques, better results were observed
if it was followed by restriction of weight
bearing for 2 months to protect clot evolution to
fibrocartilage. Posterior gradual weight bearing
was allowed as tolerated. The abrasion was not
deeper than 1–2 mm preserving the subchondral
layer [4, 6, 9]. At the beginning a curette was
used, afterwards a burr and nowadays an
arthroscopic shaver is used to preserve the
chondral layer [1]. Using this arthroscopic
technique fibrous tissue has been found intact up
to 9 years after abrasion with a second look
arthroscopy [4].

Bert compared arthroscopic debridement and
abrasion in a group of 59 patients with another
group of 67 patients treated only with arthro-
scopic debridement. All had exposed bone.
Good or excellent results were 51 % obtained
for the first group and 66 % in the second one
but they also found that results were unpredict-
able in both groups not being related with the
degree of cartilage injury and that in the follow
up abrasion group degenerated faster [10].

Rand studied two groups, in the first one he
included 131 knees treated with meniscectomy
and debridement and in group two debridement
and abrasion in 28 knees with exposed bone. He
followed both for a mean of 3 years. He found
an improvement in 80 % of the first group and
about 40 % in group two. They also found
results in abrasion arthroplasty to be unpredict-
able [8].

6.4 Microfractures

We can consider that the microfracture tech-
nique is an evolution of drilling and abrasion
technique, for instance it avoids tissue necrosis
by heat when drilling is performed and removing
the calcified layer can be understood as an
improvement of the abrasion technique [9].

Microfractures are used in symptomatic car-
tilage defects, it stimulates bone marrow by
penetrating the subchondral plate in order to
obtain fibrocartilage from a clot with mesen-
chymal stem cells that fills the chondral defect
and, although it is not hyaline cartilage, offers
good results [1–3, 5, 6, 9–21]. The differentia-
tion of the clot to fibrocartilage takes from
6 weeks to 4 months [1]. It is a first line tech-
nique that, if it fails, it does not prevent from
using others [12, 17].

Trauma and osteochondritis dissecans are the
main known causes of cartilage lesions [2, 17].

The indication for a microfractures technique
is a symptomatic knee (catching, swelling,
locking or point tenderness) due to a cartilage
lesion type III and IV of Outerbridge [1, 11, 17]
after nonoperative treatment, such as physical
therapy or injection therapy, has failed, mainly
in patello-femoral defects where outcomes of
cartilage repair are worse [17].

Lesions should be relatively small, for some
authors under 1 cm2 [12] for others under 2 cm2

[16] and for some others under 4 cm2 [3]
depending on the criterion of the physician and
characteristics of the patient [17].

The lesion should be contained although it can
be used in larger injuries but with worse expec-
tations [1, 12]. In larger lesions microfractures

Fig. 6.1 Chondral
articular loose body
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are indicated in young patients when conserva-
tive treatment has failed [17].

6.4.1 Surgical Technique

The technique consists in an arthroscopic pro-
cedure with tourniquet in which we use a curette
or an arthroscopic shaver to remove accurately
the unstable cartilage and create vertical walls of
mechanically stable cartilage that can contain
the clot and stabilise it. Afterwards we debride
the calcified cartilage layer so that the clot with
pluripotent mesenchymal stem cells can adhere
until they differentiate into fibrocartilage pre-
serving the subchondral bone as much as pos-
sible. The next step is to use awls with different
angles (308–458) which have a tip 3–4 mm long.
These tips penetrate making holes or micro-
fractures in the subchondral plate 3–4 mm apart
to a maximal depth of 5 mm starting first by the
rim and after the centre creating a path for the
pluripotent marrow mesenchymal stem cells.
These holes have to be made carefully not to
break the subchondral layer so they must be
made perpendicular to the bone surface. Once
this procedure is finished we deflate the tourni-
quet and lower the pump pressure. Blood and
fatty droplets should be seen coming out of all
holes to confirm that an appropriate depth has
been achieved. No drains should be used to
avoid clot destruction. MRI can be used to
control the evolution of the clot [1–3, 11, 16–18,
21, 22] (Figs. 6.2 and 6.3). Better results have

been seen with continuous passive motion
machines after treatment [11].

The main cause of microfracture failure is
that the blood clot does not stick to the debrided
area. Also it is known that the durability of the
improvement obtained with microfractures
depends in part on the repair cartilage volume
obtained. The volume obtained is normally
lower than the original cartilage. In order to
improve this in the microfracture technique
some substances have been created to enhance
this capability [21].

Hoeman developed a thrombogenic and
adhesive polymer to stabilise the blood clot called
Chitosan. They observed in ovine microfracture
defects improved cartilage repair not only with
increasing fill of tissue but with better cellular
organisation and biochemical composition that
adheres more to the difficult to eliminate calcified
cartilage [22]. Our group participated in a study
using this substance in humans in which we had to
perform a mini open in the knees in order to
include chitosan in the clot and wait about 10 min
before we closed the wound so it could stabilise.
The preliminary results are promising.

Other adjuncts that are being used with
promising results are insulin like growth factors,
platelet derived growth factor and hyaluronic
acid viscosupplementation [18, 22].

6.4.2 Postoperative Treatment

As said before this is a very important part of the
treatment and if the patient does not feel con-
cerned with it the whole procedure will become
a failure. Weight bearing is restricted using
crutches between 6 and 8 weeks depending on
the size of the defect and if it is contained or not.
Continuous passive motion within a range of
08–608 should be done for 6 weeks in condylar
or tibial defects 6–8 h a day starting at the
recovery room and increased 108 per day until a
full range is reached using a brace. Also to avoid
pain cryotherapy and femoral nerve block can be
used [1, 11, 17, 18, 21].

In the first 2 weeks water exercises, isometric
and dynamic quadriceps training should be done.
Use of stationary bicycle as soon as complete

Fig. 6.2 Instruments used in microfractures: curette,
spoon, awl, shaver and probe
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range of motion is reached. Resistance exercises
must be done after 6 weeks. Running and
jumping after 4 months postoperatively and
finally all kind of contact sports can be done
after 6–9 months postoperatively [1, 11, 15, 17].

In patello-femoral defects bearing weight is
allowed postoperatively as tolerated and motion
is restricted with a brace between 08 and 408 and
continuous passive motion is used in that range
6–8 h daily. Complete motion is allowed after
2 months and so is muscle strengthening
[17, 18].

Most of the improvement can be seen in the
first year but the best happens 2 or 3 years after
surgery [11].

6.4.3 Complications

Some of the most common complications are
pain, swelling, haemarthrosis, osteochondral
fractures, bone overgrowth when subchondral

bone has been removed by error and repeated
effusion [18, 21].

6.4.4 Outcomes

Steadman et al. [11] studied 75 knees in 72
patients with full thickness cartilage defect
without any meniscus or ligament injury and
under 45 years of age for an average of 11 year
follow up. They found improvement in 80 % of
the patients after 7 years of surgery and that the
age was a predictor, having better improvement
in patients under 35 years old. They also found
improvement in large lesion size [11], although
some other studies like Bekkers in a systematic
review established better results in small lesions
under 2.5 sq. cm and in not very active patients
[12].

More recent studies, like Mithoefer’s, dem-
onstrates that symptomatic cartilage defects
treated with microfractures improve functional

Fig. 6.3 Chondral lesion
type III of Outerbridge (a);
removal of unstable
cartilage and calcified layer
(b); microfracture with an
awl (c); complete surface
with microfractures
without breaking
subchondral layer (d)
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scores for at least 2 years in 70–95 % of the
treated patients [21].

6.4.5 Microfracture Outcomes
Compared with Other Cartilage
Restoration Techniques

Harris et al. [23] made a systematic review and
found 13 studies with 917 patients. Six hundred
and four had Autologous chondrocyte implan-
tation (ACI), 271 had microfractures and 42 had
osteochondral autograft (OCA). All showed
improvement. Three of seven studies had better
outcomes after ACI than with microfractures
after a 3-year follow-up. One showed better
outcomes with microfractures after a 2-year
follow-up and three showed no difference. OCA
showed faster improvement after surgery. They
also found better outcomes in young patients
with non chronic symptoms and fewer prior
surgical procedures [23].

Van Assche [19] studied 67 patients with
local cartilage defects in a multicenter random-
ized prospective trial and found similar func-
tional outcome after 2 years comparing
microfractures and ACI. At 9–12 months ACI
had slower recovery.

Saris et al. [13] compared characterised
chondrocyte implantation in 57 patients versus
microfracture in 61 patients in a multicenter
randomised controlled trial. All were aged
between 18 and 50 with a single grade III/IV
symptomatic cartilage lesion. They found a
superior tissue regenerate with characterised
chondrocyte implantation than with microfrac-
tures but with a short term clinical outcome
similar for both.

One year later in a similar study Saris et al.
[14] found significantly better clinical outcome
at 36 months with characterised chondrocyte
implantation compared to microfracture due to
better structural cartilage regeneration but only
in patients with a short period between symptoms
onset and treatment (less than 2 or 3 years).

Goudas et al. [16] made a prospective ran-
domised clinical study comparing outcomes of
mosaic type osteochondral transplantation, 28
patients, and microfractures, 29 patients, in an

athlete group under 40 years old, with an aver-
age follow up of 37 months. Although it was a
small group he found significant superiority of
osteochondral transplantation over microfrac-
tures for the repair of cartilage defects in the
knee. Only 52 % of the microfracture group of
athletes returned to sports at preinjury level
compared to 96 % of osteochondral transplan-
tation [16].

Steadman et al. [20] reviewed 25 patients of
the National Football League (NFL) that
underwent microfractures and found that 76 %,
19 players went to play back the next season.

Knutsen et al. [3] studied in a randomised
controlled trial 80 patients in two groups without
general osteoarthritis and a single symptomatic
cartilage defect in stable knees. One group of 40
treated with microfractures and the second group
of 40 treated with autologous chondrocyte
implantation. There was a 2-year follow-up and
they found no significant difference in macro-
scopic or histological outcomes between the two
groups and no association between histological
findings and clinical outcomes [3].

Even after 5 years Knutsen [2] did not find
difference between the two groups. The only dif-
ference he found was that one-third of the patients
that had surgery had early signs of osteoarthritis.

Anyhow, as late as April 2010 Bedi et al. [18]
reviewed most of the available studies including
all the methods mentioned to treat joint cartilage
repair and found only fair evidence, level II or III
studies, with consistent findings for or against
recommending intervention for marrow stimula-
tion procedures, autologous osteochondral
transplantation and osteochondral allograft
transplantation. No level I studies with good evi-
dence for or against any method described [18].

6.4.6 Advantages and Disadvantages
of Microfracture Technique

There are five main advantages which are: that
there is no donor site morbidity, it is an arthro-
scopic or closed procedure, needs only one pro-
cedure to be complete [19], it is technically easy
and it is cheap compared with other techniques
having at least similar outcomes. It also does not
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prevent from using other cartilage techniques if it
fails or is needed in the future [1, 17].

On the other side we have the disadvantages
which are: this technique needs complex and
large rehabilitation, long period of time before
being able to return to sports, fibrocartilage is
obtained not hyaline cartilage as the original,
outcomes deteriorate over time [17, 18, 21],
possible bone overgrowth (25–49 %), worse
outcomes in older patients [2, 3, 11, 12, 16–18,
21, 23].

6.4.7 Prognostic Factors

A. Good
1. Age under 30 have better outcomes [2, 3,

11, 12, 16–18, 23].
2. Full thickness joint cartilage defect [16, 17].
3. Lesion size smaller than 2 cm2 [11, 12, 16,

24] although good outcomes have been
found in studies with larger lesions [3].

4. Isolated chondral fractures and flaps or
loose bodies [6].

5. Short term preoperative symptoms [1].
B. Poor
1. Lack of low load activities after surgery

adversely affected functional outcome [2, 15].
2. High body mass index (C30 kg/m2) is

associated with poor outcomes [1, 10, 24].
3. Age over 45 have worse outcomes [10, 11, 24].
4. Uncorrected Articular comorbidity: Mala-

lignment (varus or valgus) [6], meniscus
tears (if remnant is smaller than 3 mm
anywhere along the circumferential hoop
fibres) or cruciate lesions [11, 17].

5. Chronic degenerative osteoarthritis [11, 14,
17, 21].

6. Activity level, better outcomes have been
found in low activity patients [12, 21]
although some others find that this param-
eter is not significant [15] or better out-
comes in active patients [3].

7. Inflammatory conditions [17] such as
chondrocalcinosis [6].

8. Patellar maltracking [17].

6.5 Conclusions

1. After hyaline cartilage has been damaged,
new hyaline cartilage cannot be restored by
any means nowadays unless it is transported
like in mosaicplasty or osteochondral
autograft.

2. Drilling and abrasion have unpredictable
outcomes.

3. Microfractures are a technically easy first line
one stage procedure that does not limit others
to be done after if required.

4. No technique has proven to have better out-
comes although further studies must be done.

5. The amount of filling of the lesion by new
fibrocartilage is proportional to the outcomes
most of the times.

6. Rehabilitation is as important as the tech-
nique itself.

7. The future of microfractures may be related
with additives.
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7Osteochondral Transplantation
and Mosaicplasty

Julián Fernández-González

7.1 Introduction

The treatment of knee osteochondral injuries
remains a controversial issue regarding which
ones should be treated as well the type of
treatment, although different alternatives exist
for the same injury. The main problem is the
limited capacity for chondral injuries to repair,
leading a large proportion of these injuries to
progress if not treated, to a mid-term or long-
term osteoarthritis.

Chondral lesions in the knee are common,
and fortunately in most cases are superficial and
small, and they respond to conservative treat-
ment. When these lesions are symptomatic
despite conservative treatment, it is sufficient an
arthroscopic debridement plus repairing other
main coexistent injuries as meniscal tears and
anterior cruciate ligament injuries. Sometimes
the diagnosis is difficult because chondral
lesions can coexist with other pathologies, as
femoro-patellar disorders, and it is difficult to
determine the contribution of each in the
symptoms of the patient.

There are two types of chondral lesions in the
knee: one is osteochondritis dissecans that can be
treated so the patient can maintain the hyaline
cartilage with unaffected morphology and

structure in most of the stages, with the preser-
vation of the osteochondral unit. The other type is
the one in which the cartilage structure has been
damaged to such an extent that it can only be
treated with palliative (arthroscopic debridement
and lavage), reparative (marrow stimulating
techniques) or restorative measures (autologous
or heterologous osteochondral grafting and
autologous chondrocyte implantation) [1].

The purpose of this chapter is to review the
indications, surgical techniques and clinical
results of two restorative techniques of articular
cartilage: autologous osteochondral grafting
(mosaicplasty) and osteochondral allograft.

7.2 Diagnosis of Chondral Injury

Diagnosis of chondral lesions is mainly based on
the patient symptoms and the radiology images,
especially magnetic resonance imaging (MRI),
which helps to define the location, size and
depth of the lesion, and in osteochondritis dis-
secans lesions the degree of stability or incor-
poration of it.

7.2.1 Symptoms

Patients usually complain of pain and swelling
after different physical activities, especially
impact related, although it is common for
patients to tell the existence of locking, partic-
ularly in osteochondritis dissecans. Pain is usu-
ally perceived at the joint line level of the
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affected side, which initially may be confused
with a meniscal injury of that side.

The patient’s age and activity also helps to
clarify whether we are dealing with a traumatic
injury, a degenerative lesion or a chondral lesion
of unknown etiology such osteochondritis
dissecans of the knee.

The most common sites of chondral damage
are the medial femoral condyle and the patel-
lofemoral surface, particularly at the patella. So
in these cases is necessary to rule out problems
of both tibiofemoral and patellofemoral mala-
lignment, which must be corrected at the time of
treatment of chondral injury.

Generally chondral lesions responsible for
symptoms are injuries located in the loading
areas and are larger than 1 cm2 and have a depth
that affects more than 50 % of the thickness of
articular cartilage (usually grade III and IV of
the classification of the International Cartilage
Repair Society (ICRS) (Table 7.1) [2, 3]. Also to
define the chondral lesion, the Outerbridge
classification may be used, and in this case
lesions would be grade III and specially IV.

In the femoral condyles the main factor to
determine, because of its importance in treat-
ment, is the size of the lesion. It is accepted that
injuries can be divided in small (\2–4 cm2) and
large lesions ([2–4 cm2) [2].

7.2.2 Diagnostic Imaging

Simple X-ray should be performed in all patients
to rule out malalignment issues mainly, and rule
out degenerative signs. It is useful for the early
diagnosis of osteochondritis dissecans.

MRI with its various modalities, is the best
non-invasive method that helps detecting trau-
matic and nontraumatic chondral defects with
variable sensitivity which depends on the loca-
tion of the lesion, its size, its depth, and of
course, the sequence, power field and contrast
used in the MRI [4]. However there is a high
percentage of chondral lesions not detected by
MRI and observed when performing arthros-
copy, so we must always have in mind the
possible existence of chondral injuries as the
responsible for the patient’s symptoms, and

should always have the appropriate instruments
and equipment.

7.2.3 Surgical Treatment Decision

The decision of surgical treatment depends upon
patient factors and defect-specific variables and
avoid lineal thinking. The patient0s symptoms are
the main reason and determine the surgical tim-
ing. Other important factors are patient age and
their expectations about the type of activities the
patients will do, differentiating high active form
sedentary patients. It is difficult to establish an age
cut-off point; it is more physiological than chro-
nological age, although it is known that beyond
40–50 years old, as well as cartilage damage may
be subchondral bone involvement [1].

The indication for surgical repair of chondral
injury is based on the characteristics of it:
location of the lesion, whether it is in a loading
area or not, size, smaller than or greater than
1.5 cm in diameter, depth, whether or not there
is involvement of subchondral bone, morphol-
ogy, and if it is a contained lesion or not. These
parameters are defined mainly by the images of
MRI and confirmed during surgery.

Considering these factors, we will mainly
develop the indications, surgical technique
and results of treatment of chondral injuries
by mosaicplasty (autologous osteochondral
transplantation) and to a lesser extent, by
osteochondral allograft transplantation.

Table 7.1 International Cartilage Repair Society
(ICRS) classification system [3]

Grade

Grade 0 Macroscopically normal cartilage

Grade Ia Cartilage with an intact surface with
fibrillation and/or slight softening

Grade Ib Grade Ia with additional superficial
lacerations and fissures

Grade II Defects that extend deeper but involve
less than 50 % of the cartilage thickness

Grade III Defects that extend more than 50 % of
the cartilage thickness, but not through
the subchondral bone plate

Grade IV Cartilage lesions that extend into the
subchondral bone
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7.3 Mosaicplasty (Autologous
Osteochondral
Transplantation)

Mosaicplasty was designed and introduced by
Hangody in the early 1990s, in order to return to
the knee its native cartilage in those lesions in
which the only option at that moment was
obtaining a fibrocartilage, histologically differ-
ent than hyaline cartilage, with the palliative
surgical techniques available at that time [5].
That fibrocartilage has demonstrated a poor
biomechanical behaviour, which deteriorate
progressively with load.

Experimental papers were published in 1991
and clinical trials began in 1992. Experimental
work showed a high percentage of survivor
hyaline cartilage, which was also complemented
with fibrocartilage from the bottom of the defect.
There was also a perfect integration of matrix
with adjacent cartilage. Moreover, donor site
was filled in about 8 weeks and covered with the
known fibrocartilage of mesenchymal origin [5].

As will be discussed later, the two funda-
mental problems found after performing mosa-
icplasty are: the donor site, usually in the
patello-femoral area, consisting of motion joint
problems, moreover and most clinically impor-
tant, the receptor site, having the difficulty of
restoring its lost anatomy, especially the original

curvature in the case of femoral condyles and
especially in cases of larger size.

The initial indication of mosaicplasty was for
repairing of chondral lesions of the knee’s condyles
and subsequently the indications have extended,
with major clinical outcomes in other joints (ankle,
shoulder, elbow, etc.) (Fig. 7.1) [6, 7].

7.3.1 Surgical Technique

The technique has been described extensively in
many articles and books, but considering the
most frequent lesion of a femoral condyle
(Fig. 7.2), the basic steps are [1, 2, 5–7]:
– Size of the chondral lesion: a sizing guide is

normally used to measure the diameter of the
lesion, and then to plan the number and size of
grafts that will be needed (Fig. 7.3).

– Approach to the lesion: planning a perpendic-
ular approach to carry out the drilling of the
tunnels in the chondral lesion, angle that should
be maintained during graft placement (Fig. 7.4).

– Donor area: grafts are usually obtained from
the superolateral aspect of the femoral troch-
lea. They are normally harvested by arthros-
copy, but if the patella position prevents from,
it can be performed through a small arthrot-
omy (Fig. 7.5). Other possible locations are
the area around the intercondylar notch or the
medial side of the trochlea.

Fig. 7.1 Imaging of an osteochondral lesion of the talar dome in its anterosuperomedial area after open débridement
(a). An osteocondral autograft taken from the ipsilateral knee has been implanted in the most inferior part of the lesion
(b). Another graft was implanted in a more superior position. Mosaicplasty has extended its indication to
osteochondral lesion of other joints with good clinical results
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– At this point in a sequential manner is per-
formed first the receptor tunnel and then
immediate placement of the graft.

– Harvest the first graft according to the type of
instrument chosen, always manually. It is

performed according to the predetermined
size and depth of the receptor site.

– Proceed to place the osteochondral graft, with
care and always with the same angle the
tunnel was made with, leaving the graft flush
with the adjacent surface and trying to recre-
ate the anatomy, in this case, the curvature of
the condyle (Figs. 7.6 and 7.7).

– Repeat the above steps the number of times it
has been planned to fill the chondral defect
(Fig. 7.8). The smoothness of the resurfaced

Fig. 7.3 The lesion was debrided and a chondral lesion
of 1.2 9 1.6 cm was measured. The figure shows the
sizer 6 mm in diameter used to determine the number of
grafts. We prefer to avoid grafts sizing 4 and 8 mm

Fig. 7.2 This was an osteochondritis dissecans lesion
grade III–IV of a young patient fixed with two bioabsorb-
able implants 1 year ago. The osteochondral bone has not
incorporated. The lesion is located in the most posterolat-
eral part of the medial femoral condyle. A mosaicplasty
technique was elected to perform prior to consideration of
more invasive cartilage repair procedures

Fig. 7.4 The first hole in the osteochondral lesion was
performed with a drill, until a depth of 15 mm. This is a
difficult step if we have to put more than 2 grafts

Fig. 7.5 We can see the donor area of another patient of
the superolateral trochlea
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area is confirmed through a range of knee
extension—flexion motion (Fig. 7.9).
There is controversy in the literature in vari-

ous parts of this technique (indications and sur-
gical technique):
• Factors dependent upon the chondral injury to

treat:
Mosaicplasty would be primarily indicated for
small lesions, 1–2.5 cm2 in diameter without
subchondral bone loss, and being the alterna-
tive to microfracture technique described by

Steadman [8]. However, other authors have
also obtained good results in larger lesions as
an alternative to autologous chondrocyte
implantation and osteochondral allograft
transplantation. The limit could be injuries

Fig. 7.6 The graft obtained from the superolateral area
of the throclea is gently advanced into the defect

Fig. 7.7 Final position of the first graft, in such angle
trying to restore the circular anatomy of the posterior area
of the medial femoral condyle and it was left slightly proud

Fig. 7.8 In this patient a new osteochondral graft 6 mm
in diameter is planned in a posterior area related to the
first graft. This patient has a small knee, and the lesion
was located in the posterolateral area of the medial
femoral condyle. That was the reason to put a second
graft in a more posterior part, in line with the anterior
graft, to cover the major diameter of the lesion

Fig. 7.9 We can see both grafts seated in the planning
area. The inferior one should have been implanted in a
more superior direction, but the horizontal tunnel was
done in order to avoid the superior graft. Probably another
graft of inferior size in a more lateral position could be put

7 Osteochondral Transplantation and Mosaicplasty 59



larger than 2.5 cm2, but also could be used as
a salvage operation in injuries of up to 9 cm2,
but being aware of the problem that this may
result in the donor areas.

• Patient dependent factors:
Clear indications would be patients with high
physical activity with small or larger lesions as
the first option, or in cases in which bone mar-
row stimulation techniques have failed [1, 2]. It
is also accepted that the age limit is 50 years old.

• Factors dependent on surgical technique:
Is a demanding technique because it requires
recreation of the anatomy, in this case, the
curvature of the condyle, which is not always
easy, as we can see in the figures.
– Place of extraction (donor site): there is

agreement that the most common donor area
is the lateral aspect of the femoral trochlea
in its upper region. A second option is the
area surrounding the intercondylar notch
and the medial femoral trochlea.

– Filling or not of the donor site: there is not
much written about, but we believe is better
to fill the defect created with bone removed
from the area of the receptor site, or allo-
graft, in cases where more than 3 grafts are
needed. Some authors think they must be
filled to reduce postoperative bleeding.
However, in most patients where the voids
of donor sites were left unfilled, a coating of
firm fibrocartilaginous tissue is formed,
similar to that found in the microfracture
technique [9].

– Ideal size of osteochondral graft: a contro-
versial issue, authors as Miniacci et al.
recommend only 4.5 mm grafts, as they
have observed that 6.5 mm can cause
degenerative femoropatellar problems [10].
However, most authors recommend using
grafts preferably 6–8 mm in diameter [11].

– Number of grafts: only Marcacci et al.
observe that the number of grafts influence
the outcome, with worse outcomes in
patients with more grafts [12].

– Angle in graft placement: grafts should be
placed as perpendicular as possible to the

injured area, which is achieved with careful
selection of the portals. However, the
insertion of the grafts can be made up at an
angle of 10� from the perpendicular, with-
out an inadequate integration. This was
found in re-arthroscopies performed, being
sometimes difficult to define the limits of
the lesion with normal cartilage [11].

– Order of placement: Barber et al. recom-
mended starting the placement of the grafts
in the most anterior part and progress to
posterior with more knee flexion [11].

– Graft placement: there are three situations,
slightly proud, slightly recessed or seated
flush with the surrounding articular surface.
When the graft is placed recessed there was
a fibrous overgrowth at the lesion area.
When they were seated proud, there was
inadequate graft incorporation, resulting in
non-union. The placement of flush graft
showed the lowest peak contact pressures.
In general, if a flush graft position is not
achieved, it is preferable to be slightly
subsided, not exceeding 2 mm [1].

– Separation of grafts: it is recommended by all
authors that the implants must be spaced 1 mm
apart to allow better graft incorporation [1].

– Introduction of the grafts: it should be done
with extreme care, minimising the impact
of the graft to maintain maximum viability
of surface chondrocytes [1].

– Arthroscopy or open surgery (small
arthrotomy): it depends on size and location
of the lesion and the experience of the
surgeon. In our experience in posterior
injuries a small open approach is recom-
mended if it is difficult with arthroscopy.

7.3.2 Rehabilitation

This technique allows beginning active movement
after surgery, no weight bearing for 2–3 weeks
and partial weight bearing for 2–3 weeks.

Patients do not need brace to walk. Running
is permitted at 3 months and sports at 4 months
after surgery [11].
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7.3.3 Contraindications

Patients who smoke, are obese (body mass index
[35 kg/m2), have a knee malalignment prob-
lem, have had a prior subtotal meniscectomy,
and finally have an inflammatory condition
(rheumatoid arthritis) or advance degenerative
changes (considering contraindicated a joint–
space narrowing [50 %) are not good candi-
dates for cartilage repair. Only in young people
with joint-space narrowing, with intolerable
knee pain, and no other possible solutions, a
mosaicplasty could be indicated as a technique
which will allow slowing the progression to
osteoarthritis [2]. Finally is also contraindicated
after knee infection or in the presence of a tumor
in that knee.

7.3.4 Other Indications
for Mosaicplasty

Miniacci et al. also used the technique of mo-
saicplasty as a fixation technique and subsequent
integration of osteochondritis dissecans lesions,
especially in stages II, III and IV of the arthro-
scopic classification of the ICRS. He uses grafts
of 4.5 mm from the margins of the femoral
trochlea, whose length are defined by the depth
of the lesion observed on MRI. They rule out the
use of 3.5 mm by their weakness and likely
fracture, and 6.5 mm because the risk of osteo-
arthritis in the femoropatellar joint (experimen-
tal demonstration in his unit) [13].

7.3.5 Clinical Results

The literature shows good short-term and med-
ium-term results in most patients treated with
mosaicplasty. Barber et al. in a study of patients
undergoing mosaicplasty, argue that it is a
technique that can be performed in injuries
between 1 and 2.5 cm in diameter. In this work 6
and 8 mm in diameter grafts are used. They did
a new arthroscopy in 14 of the 36 patients
operated, and mentioned that it was difficult to

distinguish between the grafted area and the
surrounding articular area. Biopsies showed an
intact cartilaginous structure (viable chondro-
cytes and presence of tidemark). It is interesting
to note that 50 % of the grafts were angled to
10�, and this showed no impact on its viability.
None of the grafts remained in proud position.
They did not observe radiographic involvement
of the joint space as narrowing, or cystic or
sclerotic changes, except in a case where they
observed the formation of an small spur on the
medial femoral condyle (to 5.5 years). They
explain this fact due to the follow-up with a
mean of 4 years, cases were highly selected, and
only 6 mm grafts were used. All patients
improved clinically. Finally, these authors warn
that mosaicplasty technique is fraught with dif-
ficulties such as: difficulty in obtaining sufficient
osteochondral graft in defects over 2.5 cm; dif-
ficulty restoring the curvature of the condyle in
some cases, difficulty reaching posterior lesions,
difficulty in cases of osteochondritis dissecans
where there is bone loss, and the problem of
donor site that should be considered in cases of
extraction of larger sizes [11].

Hangody and Füles have published the largest
series of mosaicplastys in chondral lesions type
III and IV Outerbridge. Good and excellent
results were obtained in 92 % of femoral lesions,
87 % of tibial lesions and in 79 % of patello-
femoral injuries. Histological studies carried out
in a significant number of patients confirmed the
persistence of hyaline cartilage, and functionally
they observed a good joint congruity [7].

In another study Marcacci et al. showed that
mosaicplasty surgery had better results if per-
formed in younger patients than in older ones.
This would be explained by greater bone repair
capacity in the young and that most have a
traumatic origin. Patients are doing better when
the injuries were localized on the lateral femoral
condyle than the medial. Lesions of the lateral
femoral condyle are more common in young
people. They also noted that the number of
grafts influence the outcome, with worse out-
comes in patients where more grafts were
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placed. No pathology were noted in the donor
site, probably by the small size of the grafts and
the limited number of them. The result was also
very good when other procedures were done,
especially with ACL repair, so it was difficult to
determine whether the success is due to chondral
or ACL repair. Good results are obtained
in small lesions, between 1.5 and 2.5 cm2 in
diameter, traumatic origin and specially in
young people [12].

In a later work Marcacci et al. found than in
young middle-aged patients with articular
defects between 1.5 and 2.5 cm2, good to
excellent results were obtained in 77 % with a
mean follow-up of 7 years, and found that 73 %
returned to sports at the same level as before the
injury [14].

It is also interesting to note and assess com-
parative studies with other techniques. Gudas
et al. compared prospectively mosaicplasty and
microfractures, in 60 athletes under the age of
40 years, with an isolated 1–4 cm2 defect in the
weight-bearing surface of the medial or lateral
femoral condyle. In this paper, with a mean
follow-up of 37.1 months (36–38 months),
mosaicplasty was always performed arthro-
scopically, requiring only one patient reopera-
tion in the mosaicplasty group versus 9 in the
microfracture group, and better functional
results in patients treated by mosaicplasty (96 %
good and excellent results versus 52 % with the
microfracture). In patients who underwent a new
arthroscopy at 12 months to assess the outcome
of chondral repair, they observed hyaline carti-
lage in all patients undergoing mosaicplasty,
whether fibrocartilage was detected in 57 % of
cases treated by microfracture [9]. Steadman’s
previous work with the microfracture technique
showed that a high percentage (76 %) returned
to sports the following year from surgery, but
only 36 % keep on doing sports at the end of
follow-up [15].

Finally, the comparison of mosaicplasty with
autologous chondrocyte implantation, there are
mixed results, with best clinical and histological
results observed with mosaicplasty in Horas
et al. study but not in the work of Bentley et al.
[16, 17]. Knutsen did not find a significant

difference in macroscopic or histologic results
between both groups [18].

7.3.6 Osteochondral Allograft
Transplantation

Osteochondral allograft transplantation is a
technique not as widespread and indicated as
mosaicplasty. Its main indication is in the
treatment of a large or complex lesion involving
the articular cartilage. These complex lesions are
defined as a lesion having one or more of the
following characteristics: size greater than
2.5 cm2, some loss of subchondral bone, multi-
focal or bipolar character, a patellofemoral or
tibial location, an associated meniscal or liga-
mentous deficiency, a limb malalignment and an
unsuccessful earlier repair procedure [1].

Then, osteochondral allograft transplantation
is indicated in cases with bone defects that is no
possible to perform an autologous chondrocyte
implantation. Also it would be indicated as an
alternative to mosaicplasty in large articular
lesions without subchondral bone loss [1, 2].

The location of the lesion also influences on
the decision, so that lesions of the femoral
condyle are candidates of osteochondral allo-
graft, whereas in patellofemoral injuries is
preferable to use autologous chondrocytes
transplantation by the difficulty of recreating the
anatomy. Unlike the autologous chondrocyte
transplantation technique, osteochondral allo-
graft allows its performance in a single surgical
procedure. Unlike mosaicplasty, it is not asso-
ciated with donor site morbidity, and also it
provides hyaline cartilage.

The limitations of osteochondral allograft are
the high cost, the risk of disease transmission (1
of 1.6 million cases), and is also a demanding
procedure that requires obtaining a graft from a
donor of similar morphology as the receptor, and
in many cases requires concomitant or previous
realignment surgeries and/or meniscal trans-
plantation [1, 2].

Osteochondral allograft pretends to establish a
structure capable of withstanding the normal
transmission of load to the knee. But the problem
of allograft is its incorporation to bone, more

62 J. Fernández-González



than than the viability of the cartilage. Therefore
the transplanted bone should be as small as
possible in height to decrease the number of bone
marrow cells and minimise the immune
response, which may reject the graft [1, 2].

This is why indications should be clear: large
and complex articular cartilage lesions and it is
contraindicated in inflammatory arthritis, advanced
degenerative disease (bipolar lesions), avascular
necrosis secondary to steroids and intractable
problems of malalignment as we will see later
[1, 2].

7.3.7 Graft Preservation

It is currently a controversy issue. The graft may
be used either fresh or frozen, but it has been
shown that the graft kept cool in a suitable
culture at 4 �C, shows increased survival of
cartilage cells. This is vital as these cells will be
in charge of maintaining the homeostasis of the
extracellular matrix, and the survival of cartilage
over time. Today it has been shown that the graft
may be stored at the proper temperature to a
maximum of 28 days after extraction, besides
allowing performance of microbiologic studies,
it allows finding the most appropriate receptor
[19]. In addition, this transplant does not require
immunosuppressive therapy because of the iso-
lation of chondrocytes by the matrix.

Frozen or cryopreserved grafts can also be
used but they are associated with lower per-
centage of cell viability, and they are being used
less than before (kept at -408) [1, 2].

7.3.8 Rehabilitation

No weight bearing is allowed for 6 weeks. Then
a strict protocol of rehabilitation must be done
(quadriceps strengthening exercises). No activi-
ties of daily living or sport are permitted until
8 months.

7.3.9 Surgical Technique

This procedure is more often performed through
a small arthrotomy to expose the chondral
lesion. Some larger defects may require

subluxation of the patella during exposure to
ensure perpendicular access to the defect. First
we have to determine the size of the lesion with
a template. Then, we have to convert the defect
to a circular recipient socket. A depth of 6–
8 mm is normally done, in order to limit the
amount of immunogenic donor bone that is
implanted. In cases of deeper lesions or necrotic
bone as occurred in osteochondritis dissecans or
osteonecrosis, it can require up to 8–10 mm. The
allograft is slowly warmed to 37 �C by placing it
in normal saline solution at room temperature.
Then the graft is obtained with a specific
instrumentation system. The donor graft is dril-
led with a harvester under irrigation with normal
saline solution. The graft is matched to fill the
bottom of the recipient site. Before implantation,
the graft is cleaned with saline solution to
remove the residual blood and bone marrow
elements, to reduce the risk of disease trans-
mission and graft immunogenicity. The graft is
then press—fit into the socket by hand after
careful alignment, to avoid the injury of the
superficial chondrocytes. In some cases the
implanted graft is large, and it can be fixed by
metal compression or bioabsorbable screws
(Fig. 7.10). Osteochondral allograft transplanta-
tion at the patella presents special challenges
because of the complex anatomy and topogra-
phy. Press-fit cylindrical plugs should be used
for isolated patellar facet lesions. Extensive
patellar lesions can be treated with patellar
allograft resurfacing. Any patellar tracking
problems should be corrected during the same
procedure [1, 2].

7.3.10 Clinical Results

Many of the papers that address the treatment of
chondral lesions of the knee with osteochondral
allograft are retrospective, and were done in the
late 1990s [20]. They address the results of
transplantation of fresh allografts in posttrau-
matic condylar defects, with good and excellent
results in 85 % of the knees, being the poor
results observed in bipolar lesions and limb
malalignment. Convery et al. with a long follow-
up, get good and excellent results in 86 % of
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unipolar lesions and only 54 % in the bipolar
[21]. These studies demonstrate the success of
this surgical technique in with an appropriate
indication, and not in situations of primary
osteoarthritis, inflammatory arthritis, joint mal-
alignment and bipolar lesions in the tibia and
femur.

There are also multiple studies with good and
excellent results in the treatment of osteochon-
dritis dissecans with osteochondral allograft
[22]. The results in patients with osteonecrosis,
not secondary to steroids, are good (88 % of 53
patients were satisfied with the result).

The most recent works are those that show, as
previously mentioned, that an increase in storage
time of the allografts at 4 �C, up to 28 days after
extraction, maintains its effectiveness, which is
confirmed on MRI, showing a normal appear-
ance of cartilage, at 2 years of implantation, as
well as high percentage of cell viability con-
firmed histologically after doing a new arthros-
copy [19].

LaPrade et al. concluded that up to 28 days
after extraction, the allograft can be kept
refrigerated at 4 �C, without losing its proper-
ties. These authors warned that is a surgery that
requires a normal joint alignment and meniscal
integrity on that side, so in some of his patients
he performed knee realignment and/or meniscal
graft transplantation [19].

7.3.11 Conclusions

Articular cartilage has a poor capacity for healing.
Both restorative techniques, mosaicplasty and
osteochondral allograft transplantation can suc-
cessfully provide a hyaline cartilage in most of the
chondral knee lesions. Mosaicplasty would be
primarily indicated for small lesions, 1–2.5 cm2

in diameter without subchondral bone loss and has
showed superior clinical and histological results
to marrow stimulation techniques in physical
demanding patients. Osteochondral transplanta-
tion allograft should be reserved for large and
complex osteochondral lesions. Both surgical
techniques are very demanding and should be
done by experienced orthopaedic surgeons.
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8Autologous Chondrocyte Implantation
Primitivo Gómez-Cardero, E. Carlos Rodrı́guez-Merchán
and Ángel Martı́nez-Lloreda

8.1 Introduction

Hyaline cartilage is a very important structure that
plays a key role in optimal joint function. Lesions
that result in the deterioration of the mechanical
properties of hyaline cartilage may damage the
joint and restrict its function. Although these are
extremely common lesions, their natural history is
not well understood and it is difficult to determine
whether they will result in joint damage or remain
stable causing no symptoms.

The study and treatment of such lesions is a
challenge that must be faced by any orthopaedic
surgeon determined to prevent their progression.
However, success in this endeavour will require the
support of other professionals such as molecular
biologists and tissue engineers to support the

development of new therapeutic alternatives that
may provide an appropriate solution to the problem.

The prevalence of cartilage lesions in the knee
joint ranges from 20 to 60 % [1, 2]. Of these
approximately 7–11 % are grade III/IV lesions
according to the International Cartilage Repair
Society (ICRS) classification [3, 4]. These lesions
are amenable to and would certainly benefit from
early treatment so as to arrest the progression of
degenerative changes in the joint.

Although the natural history of these lesions is
poorly understood and difficult to predict, there is
no doubt that chondral defects are apt to provoke
high rates of morbidity in patients afflicted by
them and may even cause osteoarthritis [4].

The quality of life of patients with focal articular
cartilage lesions is often severely compromised.
Indeed, the deterioration caused by these injuries
can at times be comparable to the damage observed
in patients with an anterior cruciate ligament
tear or in those requiring knee arthroplasty or an
osteotomy following severe osteoarthritis [5].

Articular cartilage lesions can add up to a sub-
stantial cost to society as these patients often
present with significant levels of disability, which
results in high levels of absenteeism, a lower
quality of life and, eventually, knee replacement
procedures. Therefore is would seem desirable to
design an approach to these types of lesions that is
as accurate and effective as possible in order to curb
their progression and prevent the morbidity they
have been shown to cause.
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A wide range of procedures have been developed
in an attempt to resolve the problem. These can be
classified into cartilage repair techniques (bone
marrow stimulation through perforations or micro-
fractures) and cartilage restoration techniques
(osteochondral autografts and allografts and autolo-
gous chondrocyte implantation (ACI)).

ACI is the only technique capable of pro-
ducing cartilage that is similar to native hyaline
cartilage without the limitations of other resto-
ration techniques. In this respect, osteochondral
autografts and mosaicplasty are associated with
donor site morbidity. In addition, the limited
amount of tissue obtained makes these tech-
niques unfeasible for large chondral lesions.
Osteochondral allograft techniques, for their
part, combine the difficulties inherent in har-
vesting fresh allografts with the potential risk of
disease transmission.

Lindahl demonstrated that as far as patients with
chondral lesions are concerned, ACI had a much
higher cost-saving effect in terms of disability and
absenteeism than any other technique [6].

The purpose of the present chapter is to discuss
the state of the art as regards lesions of the artic-
ular cartilage and their treatment by means of ACI
as well as the clinical and histological implica-
tions of this new therapy and its future prospects.

8.2 Structure and Function
of Articular Cartilage

Articular cartilage is a kind of connective tissue
endowed with a specialised structure conceived
to provide joints with low-friction bearing sur-
faces capable of withstanding high loads, with-
standing wear and allowing smooth joint motion.
Their structure, however, has certain limitations
in connection with its reparative capacity.
Indeed, articular cartilage is devoid of vascu-
larity and innervation, which means that it can-
not resort to any self-healing mechanism when it
suffers some kind of aggression that alters its
mechanical structure [1–5, 7, 8].

As articular cartilage has no vascularity or
innervation, nutrients and oxygen are supplied
through passive diffusion from the synovial

fluid. Nociception arises from the activation of
the nerve endings of the synovium, the joint
capsule, the muscles and the subchondral bone.

Hunter was the first author who, in 1743, made a
description of chondral lesions in the knee and
noted their poor healing potential [9]. The most
common symptoms of full-thickness (grades III/
IV) cartilage lesions in the knee are pain, inflam-
mation, mechanical and functional alterations and,
eventually, degenerative changes (osteoarthritis).

Hyaline cartilage is characterised by a high
degree of specialisation and by a series of
mechanical properties that make it possible for the
joint to function appropriately, with a very low
friction coefficient and high load resistance [10]. Its
histological structure comprises the extracellular
matrix and one single cell type: the chondrocyte.

Chondrocytes are the chief components of the
extracellular matrix. As these cells have low
replicative potential, their reparative response in
the face of an attack is rather limited.

The extracellular matrix is a tridimensional
structure that supports the chondrocytes and plays
a decisive role in the chemical and physical pro-
cesses that make it possible for the composition
and the structure of hyaline cartilage to remain
unchanged in the face of an attack. The matrix
comprises 60–80 % water, glucose and salts, as
well as chondro specific collagen (types II, VI, IX,
X and XI), proteoglycans and other binding pro-
teins and fibronectin [6].

Collagen fibres form a dense and interwoven
network that contributes resistance to the tissue;
80 % is type II collagen. These collagen networks
entrap the proteoglycans, constituted by mono-
mers bound to chains of glyco polysaccharides,
the most important of which are hyaluronate,
chondroitin sulphate and keratan sulphate. Pro-
teoglycans are capable of retaining water, thus
keeping hyaline cartilage well hydrated so that it
can preserve its biomechanical properties.

A thin film of synovial fluid covers the articular
cartilage and diffuses into it carrying with it a sup-
ply of nutrients and water, decreasing the friction
between the bearing surfaces during movement.

Articular cartilage comprises several layers,
which are markedly different from one another in
terms of cell shape and the density, biocellular
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activity, composition and characteristics of the
extracellular matrix and organisation of the colla-
gen fibres. The superficial layer, which facilitates
the sliding of the articular surfaces, boasts the
greatest cell density and to the largest amounts of
type II collagen. The intermediate and radial lay-
ers, responsible for cushioning the underlying
bone, contain large amounts of type IX and X
collagen and other proteins (cartilage oligomeric
matrix protein and cartilage intermediate layer
protein) [11, 12]. These differences are essential for
optimal cartilage function. Therefore any attempt
at cartilage repair must create a tissue structure that
closely resembles the native tissue [12, 13].

8.3 Pathophysiology

Articular cartilage possesses a structure that
allows it to withstand the loads and repetitive
stresses it is normally exposed to. The superficial
loads borne by cartilage vary depending on the
type of physical activity performed. Walking, for
example, has been shown to generate forces of up
to 2.3 times body weight; running produces forces
of 3.5 times body weight; tennis playing, 6 times
body weight, skiing, 8 times body weight and
playing squash 13 times body weight.

Nevertheless, cartilage is vulnerable to certain
high-energy or repetitive forces that can result in
alterations in its histological structure and cause a
lesion that disrupts the cartilage’s biomechanical
properties. These forces are most commonly of
traumatic origin, but they may also be produced
by metabolic diseases (hyper- or hypoparathyroid-
ism), alterations in the lipid metabolism, inflamma-
tory processes (rheumatoid arthritis, haemophilic
arthropathy, etc.), infectious processes or the exis-
tence of some genetic component.

Cartilage injury can be classified using the
Outerbridge or ICRS scales [2, 14–16]:
1. The Outerbridge and ICRS scales classify

chondral lesions into four stages (Fig. 8.1):
ICRS grade 0: normal cartilage
ICRS grade 1: softening and inflammation of
cartilage

Ia: slight softening and mild fibrillation
Ib: superficial laceration and fissures

ICRS grade 2: superficial fissures that involve
less than 50 % of the cartilage thickness or
smaller than 1.5 cm in diameter

ICRS grade 3: defects involving more than
50 % of the cartilage thickness, or larger than
1.5 cm in diameter

IIIa: defects that do not involve the calcified
layer

IIIb: defects involving the calcified layer
IIIc: defects that extend down to but not through

the subchondral bone
ICRS grade 4: absence of cartilage with
exposure of subchondral bone

2. Osteochondral lesions, osteochondral frac-
tures and osteochondritis dissecans.
The ICRS and Outerbridge scales also pro-

vide a correlation between the different grades of
lesion severity and MRI (Magnetic Resonance
Imaging) images, although it must be said that
MRI tends to underestimate the extent and the
depth of the lesion [2, 16, 17].

When the articular cartilage is damaged, an
increase is observed in cell apoptosis, which
results in an imbalance in the structure of the
extracellular matrix and a subsequent disorga-
nisation in the collagen ultrastructure and a
decrease in proteoglycan content. All of these
changes lead to an increase in patency and a loss
of resistance [11].

A process is started in the damaged areas
whereby an attempt is made to repair the injured
cartilage, with chondrocytes synthesising extra-
cellular matrix. Nonetheless, given the chondro-
cytes’ low replicative capacity, the tissue thus
formed bears significant quantitative and quali-
tative differences with hyaline cartilage. Indeed,
the repair tissue is fibrocartilaginous, dense and
made up predominantly of type I collagen.

With the passing of time, the ageing of the
articular cartilage is accompanied by a loss of
chondrocytes and a decreased stimulus respon-
siveness. The matrix also ages, with a gradual
destruction of the interconnections in the colla-
gen network and a loss of proteoglycans. Once it
sets in, cartilage deterioration is irreversible,
resulting in the deterioration of the joint through
the release of a series of cytokines such as
interleukin 1 (IL-1), tumor necrosis factor alpha
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(TFN-a) and enzymes that inhibit the synthesis
of type II collagen and proteoglycans, leading to
the appearance of osteoarthritis.

8.4 Diagnosis

When deciding what treatment is to be adminis-
tered, an accurate diagnosis of the lesion is man-
datory to establish an appropriate therapeutic
algorithm. A detailed anamnesis is essential to
gain insight into a series of variables that are key
to the decision-making process.
1. Patient-related variables: patient age, body

mass index, occupational or sports-related
activity, history of the lesion, symptoms, the
extent to which the patient is aware of the
potential need of surgery as well as his/her
expectations about the outcome of the procedure.
The typical symptoms of a chondral lesion are
typically mechanical: pain and inflammation on
weight-bearing and intensification of symptoms
on walking or running.
Chronological patient age is not an absolute
contraindication. It is on the other hand their
physiological age that determines the most
suitable type of treatment. There are studies that
state that physiological age is a significant
predictive factor for outcome in patients over
35 years [18, 19]. Better results are also
obtained in patients with an active lifestyle [18].
In terms of the time elapsed from the first
symptoms, results have been shown to be best

when less than 3 years have gone by since the
onset of symptoms [19–21].

2. Defect-related variables: Location, size, depth
and geometry of the defect; condition of the
subchondral bone and the surrounding carti-
lage. The condition of the opposing surface,
often underestimated (kissing lesions).
Although the location of the lesion has not been
shown to influence final outcome [21], its extent
does seem to play an important role. In this
respect, lesions \4 cm2 have obtained better
results when treated with either microfractures
or ACI, but results in lesions [4 cm2 were
better only when treated with ACI [18, 22].
Physical examination should determine the

presence of any concomitant alterations in the
joint: malalignment, insufficiency or disruption
of the cruciate ligaments and meniscal lesions.

The final diagnosis will be provided by
imaging techniques. Weight-bearing and whole
limb radiographs should be the first-line images
as they offer an accurate representation of the
mechanical and anatomic axes.

MRI is the safest and most reliable non-
invasive method to diagnose chondral and
osteochondral lesions, with a sensitivity in
excess of 99 % [17]. MRI contributes enough
information to carry out an appropriate preop-
erative plan, obviating the need to conduct an
arthroscopic analysis of the lesion. However, it
must be remembered that MRI often underesti-
mates the extent and the depth of the lesion
[2, 16, 17].

Fig. 8.1 ICRS (International Cartilage Repair Society) grade III (a) and IV (b) chondral lesions
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8.5 Treatment

Treatment of articular cartilage lesions is aimed at
improving joint function, preventing the pro-
gression of joint damage and relieving or sup-
pressing pain so that patients can return to their
previous activity levels. If the repair provided is
permanent, joint deterioration and the subsequent
development of osteoarthritis will be staved off,
which is beneficial both to reduce patient suffer-
ing and from a socioeconomic point of view.

The natural history of chondral and osteo-
chondral lesions is still unknown and difficult to
predict. Nonetheless, clinical experience sug-
gests that when left untreated, these lesions do
not heal spontaneously and may progress to joint
degeneration [4, 23, 24].

Decision-making as regards the treatment of
cartilage lesions in the knee joint must be tailored
to each patient and to each individual type of
injury [25]. In the first place, any concomitant
disorder must be analysed: malalignment, any
ligament tear leading to instability and meniscal
lesions. These alterations must be treated simul-
taneously by means of femoral or tibial osteoto-
mies, or tibial tuberosity transfers to correct
varus or valgus deformities or a patello-femoral
pathology. On other occasions, ligament recon-
structions or even meniscal transplants may be
necessary [26].

The possibility of primary repair will be
considered in presence of an acute or subacute
osteochondral lesion with an unstable fragment
that is amenable to fixation. These lesions are
typically larger than 1 cm2 and are usually
located in a weight-bearing area of the femoral
condyles [25].

In patients where primary repair is not an
option, the surgeon may resort to different treat-
ment strategies:
1. Palliative techniques
2. Reparative techniques
3. Restorative techniques

Of these techniques, those seeking to produce
hyaline-like cartilage are those that have offered the
best long-term results according to the literature.

8.6 Autologous Chondrocyte
Implantation (ACI)

The emergence of new technologies such as
tissue engineering and gene therapy has made
it possible to develop therapies which, in the
last few decades, have produced highly prom-
ising results in the repair of articular cartilage
tissue.

Tissue engineering seeks to find an optimal
way to repair damaged tissue through the
implantation of cells, supporting scaffolds and
biologically active molecules or genes [27, 28]. It
is based on the use of cartilage-producing cells as
supporting structures that may stimulate cartilage
repair and regeneration inducing the expression of
molecules that may allow cell proliferation and
differentiation [28].

ACI applies these tissue engineering tech-
niques with a view to obtaining enough tissue to
restore the joint surface, providing it with a
histological structure and a mechanical response
as similar as possible to those of the native
cartilage.

This type of treatment is indicated in:
1. Symptomatic ICRS grade III and IV lesions in

the femoral condyle, the trochlea or the patella
2. Lesions between 1 and 10 cm2

3. Lesions where other techniques such as mo-
saicplasty and microfracture have failed

4. Motivated and active patients between 15 and
55 years of age
ACI is contraindicated in rheumatoid

arthropathies such as rheumatoid arthritis, pso-
riatic arthropathy and infectious arthropathy.
Kissing lesions are also considered a contrain-
dication, although ACI has obtained promising
results in patellofemoral lesions [29, 30].

In 1994, Brittberg and Peterson pioneered
the use of ACI in lesions of the articular car-
tilage of the knee [31]. They obtained chon-
drocytes from their patients, which they
cultured and expanded in vitro to subsequently
implant them under a periosteal flap. Since
then, over 12,000 patients have benefitted from
the technique.
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Multiple trials have been conducted both in
vivo and in vitro to gain a better understanding
of the characteristics, function and behaviour of
chondrocytes so as to improve the ACI tech-
nique and standardise the analysis of results.

ACI is a technique that has significantly evolved
since its inception. At first, the culture and expan-
sion of chondrocytes gave rise to a single-layer
structure that was then implanted into the defect
and covered with a periosteal layer. One of the
drawbacks of this is that two-dimensional single-
layer structures promote cell dedifferentiation and
bring about changes in cell behaviour and mor-
phology as well as a decrease in the production of
articular cartilage-specific proteins [32].

For this reason, an attempt was made to create
three-dimensional cell cultures as these have been
seen to preserve their chondrogenic potential and
to have lower dedifferentiation rates than single-
layer cultures [33, 34] (Fig. 8.2).

The first generation of ACI, called ACI-P,
involved the use of a periosteal patch. The
chondrocytes were harvested, cultured and
expanded as a single layer with the assistance of
growth factors to be then implanted into the
defect. These chondrocytes were subsequently
covered by a periosteal patch, which functioned
as a seal isolating the chondrocytes so as to
prevent them from leaking from the graft site.

The next generation was called ACI-C and used
scaffolds made of collagen of animal origin. This
technique had a series of drawbacks, including
morbidity of the periosteal graft donor site and the
difficulty of the surgical technique which involved
an arthrotomy as well as the suturing of the scaffold
to the borders of the defect. The technique was
associated with a series of complications such as
arthrofibrosis (up to 15 %), periosteal membrane
hypertrophy (up to 25 %) and graft delamination.
Such complications require reoperation in up to
50 % of cases [18, 35–38].

All these problems led to the development of
the next generation of ACI: Matrix Induced
Autologous Chondrocyte Implantation (MACI).
MACI scaffolds are three-dimensional biological
structures of variable composition, structure and
porosity levels. The most common scaffolds are
those made of collagen, demineralised bone
matrix or hyaluronic acid. The chondrocytes are
seeded into the scaffold, which can be adhered
directly to the base of a prepared chondral defect
without a periosteal cover (Fig. 8.3).

Fig. 8.2 Three-dimensional microsphere-shaped struc-
ture (pre-aggregated human articular chondrocytes)

Fig. 8.3 First generation autologous chondrocyte
implantation (ACI): chondrocytes had to be covered by
a periosteal patch
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MACI offers a series of advantages over the
ACI procedure: it may be performed arthro-
scopically, it requires less operating room time
and rehabilitation is usually faster. Several
studies have obtained good results using differ-
ent types of scaffolds as chondrocyte supporting
structures [39–45].

Nevertheless, it must be stated that the MACI
technique is not devoid of complications such as
subchondral edema, synovitis and foreign body
reaction. All of these complications are associ-
ated to the exogenous matrix used as a scaffold.

Several studies in the literature compare ACI
with other existing techniques. Knutsen [18]
compared ACI-P with microfractures in a series of
80 patients and observed that in lesions larger than
4 cm2 the microfracture technique yielded poorer
results. In a series of 118 patients, Saris [46] con-
cluded that the repair tissue that developed within
1 year post-op with ACI was structurally better
than that obtained with the microfracture tech-
nique, although his clinical results were similar.

Dozin [47] compared the use of an osteo-
chondral autograft with ACI and concluded that
both techniques afford similar clinical results. In
a series of 100 patients, Bentley [48] found that
both clinical and histological results were sig-
nificantly better with ACI than with mosaicpl-
asty. Bhosale [49] observed that 81 % of
patients who underwent an ACI procedure
improved within the first 15 months and this
improvement was still present at 8 years.

More recently better-designed and more scien-
tifically rigorous studies have been published
which show a trend toward better outcomes with
ACI as compared with other techniques [18–22,
27, 39, 46, 47, 50, 51]. Nevertheless, results are still
extremely variable, which means that it is too early
to state that ACI is more effective than any of the
other better established techniques supported by
large bodies of scientific evidence. For this reason,
ACI is still considered a second-line therapy for
lesions of the articular cartilage [21, 52, 53].

There is at present a wide range of tissue
engineering systems and techniques aimed at
obtaining cells which, when implanted in vivo
into a chondral lesion, may effectively repair it.
However, multiple factors that critically influence

the development and formation of these cell
structures remain to be addressed [54].

8.7 Two Surgeries

The ACI technique requires two surgical stages.
In the first, a cartilage biopsy is taken from a non
weight-bearing area and, in the second, the new
chondrocytes are implanted. Several investigators
are exploring the possibility of performing the
procedure in one single stage but these trials are
still in progress and no conclusions have been
reached as yet. The fundamental idea behind these
investigations is that the articular graft harvested
may be cut into pieces and placed onto a scaffold
which is implanted into the chondral defect in the
same surgical act [55, 56].

8.8 Cell Dedifferentiation

When chondrocytes are cultured and expanded in
a single-layer, they undergo phenotypic dedif-
ferentiation, which results in changes in their
morphology and the production of extracellular
matrix [32]. Studies show that this problem could
be overcome by producing three-dimensional
structures where chondrocytes can redifferentiate
[34]. Use of growth factors also favours cell
dedifferentiation [57, 58].

Nevertheless, it has been shown that cell dedif-
ferentiation is not such a major impediment to the
production of viable chondrocytes as dedifferenti-
ated cells preserve their ability to redifferentiate.

8.9 Scaffolds: Use
and Characteristics

Multiple structures of different architectures and
mechanical properties have been used as scaf-
folds. In the main, they are three-dimensional
polymers that contain proteins and natural poly-
saccharides or synthetic polymers such as poly-
glycolic acid, polylactic acid or hyaluronic acid.
One of the main problems about these structures is
that they must be mechanically strong and
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biodegradable at the same time. Furthermore, it is
essential to create a homogeneous distribution of
a sufficient number of cells over the scaffold’s
surface. In this respect, bioreactors have been
used to deliver the chondrocyte suspension
directly into the pores of the scaffold [59].

The ideal scaffold must be strong in order to
protect the cells contained within it against
mechanical forces. It should also be capable of
adhering to the defect and be porous enough to
allow local growth factors to penetrate the surface.
It should also be biodegradable and eventually
eliminated so as to prevent any foreign body
reactions [28].

A technique has been developed that does not
require the use of exogenous scaffolds. This is a
highly advantageous breakthrough as it completely
precludes potential foreign body reactions as well as
problems related with resorption, hypertrophy
or calcification. It is a technique that uses adult
chondrocytes grown and expanded in the patient’s
own serum, without exogenous growth factors or
antibiotics. In this manner, microsphere-shaped
three-dimensional structures are created, with
around 200,000 chondrocytes each, which are
capable of adhering to the chondral defect without
any other coverage or anchoring device [34]
(Figs. 8.4 and 8.5).

8.10 Cell Variability

The quality of the sample obtained to start the
whole process is one of the keys to success. Quality
varies depending on the condition of the joint, the
patient’s age and is even different across individ-
uals of the same age [60]. Although several specific
chondrogenesis markers have been identified in an
effort to standardise the results of cell cultures,
attempts at developing a standardised tissue engi-
neering method to obtain an articular cartilage graft
have as yet been unsuccessful [54].

8.11 Chondrocyte Sourcing

The fact that chondrocytes are obtained from the
patient’s own joint is one of the main disad-
vantages of this technique, as the procedure may
result in donor site morbidity. Although only a
small biopsy is taken from a non weight-bearing
area of the joint, some studies claim that this
may increase the future risk of developing
osteoarthritis [61, 62].

In order to overcome this problem, alternative
chondrocyte sources have been proposed.
Among of the most promising of these are plu-
ripotent mesenchymal stem cells, which may be
obtained from the bone marrow, abdominal fat
or the knee and the synovium. These cells have a
high proliferation capacity and a low dediffer-
entiation potential and, with appropriate growth
factors and signals, they can induced to differ-
entiate to cartilage cell lines.

Nonetheless, these new chondrocyte sources
are not exempt from difficulties as the different
steps required for cell division significantly
decrease their chondrogenic potential. In addi-
tion, the use of growth factors leads to chon-
drocyte phenotypic instability with a loss of
extracellular matrix secretion [28].

In order to overcome these problems, cultures
of mesenchymal stem cells have been used
together with adult chondrocytes since the latter
express growth factors that may act on mesen-
chymal cells to induce chondrogenesis [63, 64].

Fig. 8.4 Microsphere-shaped three-dimensional struc-
tures once cell culture and expansion have been completed
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When these cells differentiate to chondrocytes
they also express markers such as type X col-
lagen and MMP13, which are specific to chon-
drocyte hypertrophy and extracellular matrix
calcification and vascularisation following
transplantation [65, 66]. These alterations could
result in phenotypic instability and a decrease in
the long-term efficacy of chondral regeneration.
Therefore, although multiple studies have suc-
cessfully used these cell types both in animals
and in humans [67–70], the efficacy of mesen-
chymal cell-based treatment remains to be con-
clusively demonstrated [54].

An alternative claimed to prevent phenotypic
instability of mesenchymal cells is the use of
mature chondrocytes from non-articular cartilage.
Several authors have used nasal cartilage. These

chondrocytes have a higher replication capacity
than articular chondrocytes and, once expanded,
maintain their ability to generate hyaline cartilage
both in vitro and once transplanted in vivo [71–74].
It has also been argued that the mechanical
properties and biochemical and histological char-
acteristics of these cells are similar to those in the
native hyaline cartilage, and they seem to be
superior to those in the tissues obtained from
articular chondrocytes [74].

It appears that tissue engineering is a tech-
nique that could be of great value in the study
and—most importantly—in the repair of articu-
lar cartilage lesions. However, there still remain
a few hurdles that need to be overcome in order
for these therapies to be standardised and made
widely available.

Fig. 8.5 Arthroscopic application of chondrospheres to the chondral defect (a and b). View of the defect with the
chondrospheres in place (c)
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8.12 Conclusions

Articular cartilage lesions are a common pathology
in the knee joint. Treatment of these lesions
(microfractures, mosaicplasty, ACI, MACI) must
be individualised taking into account variables
such as location and extent of the lesion, the
patient’s activity level and economic cost. Well-
designed multi-centre studies need to be conducted
before determining what kind of treatment is the
most effective. The literature seems to indicate that
tissue engineering-based therapies are the only
ones capable of forming tissue whose histologic
and biomechanic characteristics are similar to
those of hyaline cartilage. Nevertheless, none of
these techniques are as yet standardised or repro-
ducible, nor do they offer at the present time results
that can be considered significantly superior to
those of other existing therapies.
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9Alignment Osteotomies

E. Carlos Rodrı́guez-Merchán
and Hortensia De la Corte-Garcı́a

9.1 Introduction

Treatment of cartilaginous lesions may only be
successful with a given physiologic axial align-
ment of the knee. Thus, malalignments ought to
be corrected prior to or at the same time as a
dedicated cartilage repair procedure.

The treatment of symptomatic articular
cartilage defects of the knee has evolved
tremendously in the past decade [1]. Previously,
there were limited treatment options available to
patients who suffered from either partial-thickness
or full-thickness cartilage lesions. Because artic-
ular cartilage has a limited capacity for healing,
patients were often treated symptomatically until
they became candidates for osteotomy or total
knee arthroplasty (TKA). Recently, both repara-
tive and restorative procedures have been devel-
oped to address this significant source of morbidity

in young active patients. Microfracture is a repar-
ative technique that induces a healing response to
occur in an area of articular cartilage damage.
Osteochondral autografts and allografts in addition
to autologous chondrocyte implantation (ACI) are
restorative techniques aimed at recreating a more
normal articular surface. Both types of procedures
have been developed to alleviate the symptoms
associated with focal chondral defects, as well as
limit their potential to progress to a diffuse
degenerative osteoarthritis. Treatment can vary
depending on both cartilage defect and patient
factors.

The factors to be considered in selecting a
technique for repair of cartilage defects in the knee
are the diameter of the chondral defect, the depth
of the bone defect, and the knee alignment [2].
Gross suggested the following guide to treatment.
Chondral defects (without bone involvement)
\3 cm in diameter can be treated with micro-
fracture, ACI, osteochondral autografts, or peri-
osteal grafts. Osteochondral defects \3 cm in
diameter and 1 cm in bone depth can be treated
with ACI, osteochondral autografts, or periosteal
grafts. Articular defects [3 cm in diameter and
1 cm in bone depth require osteochondral allo-
grafts. The greater the bone involvement and the
less contained the defect, the greater the need for
allograft tissue. Allograft tissue should, however,
only be used when the size of the lesion is beyond
the other techniques. For all of these techniques,
alignment osteotomy should be performed as an
adjunct procedure if the lesion is in a compartment
under more than physiological compression.
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The treatment of osteochondral fractures and
osteochondritis dissecans lesions in the knee is
controversial. Many new procedures and tech-
niques have been developed recently to address
osteochondral lesions, indicating that no single
procedure is accepted universally. Cain and
Clancy reported an algorithm based on the age of
the patient, skeletal maturity, and the presence of
adequate subchondral bone attached to the chon-
dral lesion [3]. Most non-displaced lesions in the
patient with open physes will heal with conser-
vative treatment. The onset of skeletal maturity
indicates a need for a more aggressive treatment
approach. If adequate cortical bone is attached to
the fragment, drilling of stable lesions, or drilling
with fixation of unstable or loose fragments is
appropriate. Autologous bone graft can be neces-
sary to stimulate healing and properly reconstruct
the subchondral bony contour. For failed fixation
attempts or lesions not amenable to fixation, each
treating surgeon must be proficient and comfort-
able with an articular surface reconstruction
technique. The goal for the reconstructive proce-
dure, to produce a smooth gliding articular surface
of hyaline or hyaline-like cartilage, is possible
using current techniques including mosaicplasty,
osteochondral allograft transplantation, and ACI.
Debridement, drilling, microfracture, and abrasion
chondroplasty have been shown to result in
fibrocartilage with inferior mechanical properties
when compared with hyaline cartilage. No long-
term studies have been published, however, to
confirm the benefits of replacing osteochondral
defects with hyaline cartilage rather than
fibrocartilage. Although the results of many
reconstructive procedures are quite encouraging
with early follow up, the ultimate goal is to prevent
long-term degenerative osteoarthritis. Only well-
designed prospective studies with long-term fol-
low up will determine the adequacy of these pro-
cedures in reaching the ultimate goal.

This review chapter aimed to define the
efficacy of isolated alignment osteotomy or
osteotomy associated to other reparative and
restorative procedures in the treatment of knee

osteoarthritis and symptomatic articular carti-
lage defects of the knee.

9.2 The Role of Osteotomy
in Knee Osteoarthritis

Osteoathritis of the knee is common, and the
chances of suffering from osteoarthritis increase
with age. Its treatment should be initially
non-operative and requires both pharmacological
and nonpharmacological treatment modalities. If
conservative therapy fails, surgery should be
considered [4]. Surgical treatments for knee
osteoarthritis include arthroscopy, cartilage repair,
alignment osteotomy, and knee arthroplasty.
Determining which of these procedures is most
appropriate depends on several factors, including
the location, stage of osteoarthritis, comorbidities
on the one side and patients suffering on the other
side. Arthroscopic lavage and debridement is often
carried out, but does not alter disease progression.
If osteoarthritis is limited to one compartment,
unicompartmental knee arthroplasty or unloading
osteotomy can be considered (Fig. 9.1). They are
recommended in young and active patients in
regard to the risks and limited durability of TKA.
TKA is a common and safe method in the elderly
patients with advanced knee osteoarthritis.

9.3 Hyaluronic Acid
and Chondroitin Sulphate
Content of Osteoarthritic
Human Knee Cartilage

Otsuki et al. analysed glycosaminoglycan (GAG)
content in specific compartments of the knee joint
to determine the impact of malalignment and help
refine indications for osteotomy [5]. The hyalu-
ronic acid and chondroitin sulphate content of the
femoral condyle showed topographic differences
that were related to osteoarthritis grade and
weight-bearing force based on femoro-tibial
angle. The clinical relevance of this study was
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that osteotomy may not be indicated for patients
with severe varus abnormalities.

9.4 Distal Femoral Osteotomy

Distal femoral medial closing wedge osteotomy is
useful for mechanical axis realignment to unload
the lateral compartment of the valgus knee.
The primary indication for unloading the lateral
compartment is lateral unicompartmental osteo-
arthritis [6]. Alternative treatment options include
lateral unicompartment or TKA. Prerequisites for
the osteotomy include a 90� arc of motion, age
younger than 60 years, and an active patient
capable of an extensive period of rehabilitation.
Surgery is usually carried out through a midline
skin incision and uses a subvastus approach. The
medial femoral closing wedge osteotomy is
usually fixed with a 90� dynamic compression
blade plate. A critical technical point is the need to
insert the blade plate parallel to the joint line. The
right angle plate corrects the femoro-tibial angle
to 0�. A benefit of the closing wedge over an
opening wedge osteotomy is reduced risk of
nonunion. The main conclusion was that distal

femoral varus osteotomy is effective at unloading
the lateral compartment in unicompartmental
osteoarthritis in the valgus knee. It may be indi-
cated in the young, high activity demand, and
overweight patient. By 20 years after the osteot-
omy most patients require conversion to TKA.

9.5 High Tibial Osteotomy
in Patients with Medial-
Compartment Osteoarthritis
and Varus Malalignment

Niemeyer et al. evaluated the 3-year clinical
results of patients with medial-compartment
osteoarthritis of the knee and varus malalignment
who underwent open-wedge high tibial osteot-
omy (HTO) with an internal plate fixator [7].
Clinical results were correlated with arthroscopic
and radiographic findings at the time of surgery.
Grade of cartilage damage of the medial
compartment and partial-thickness defects of the
lateral compartment did not significantly influ-
ence clinical outcome. The tibial bone varus
angle was correlated significantly with greater
improvement and better clinical outcome after

Fig. 9.1 High tibial valgisation osteotomy, closed
wedge technique. Double osteotomy of the tibia with
extraction of a wedge-shaped bone fragment with lateral
basis is required followed by closure of the gap by

valgisation of the tibia: a Preoperative view. b Fixation
of the osteotomy with staples. c Fixation of the osteot-
omy with a plate. b and c plain radiographs (AP-view)
after closed wedge high tibial osteotomy and fixation
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HTO. The overall complication rate of 8.6 % was
mostly related to surgical causes; nevertheless, a
high proportion of patients reported discomfort
related to the implant at some point during the
follow-up period (40.6 %). The main conclusion
was that open-wedge osteotomy led to reliable
3-year results. Results did not depend on the
severity of medial cartilage defects, whereas
partial-thickness defects of the lateral compart-
ment seemed to be well tolerated. The prognostic
relevance of patello-femoral cartilage defects
remains unclear. Local irritation of the implant
was observed in a significant number of patients.
The level of evidence of this study was IV
(therapeutic case series).

In the past decades, there has been varying
support for high tibial osteotomy (HTO). In the
past 10 years, osteotomy has been rediscovered
as an important adjunct to cartilage repair pro-
cedures that rely on a normalised biomechanical
environment. Furthermore, there has been an
increase in the number of patients presenting with
unicompartmental disease (e.g., after prior men-
iscectomy) who are at an age and functional level
that is not ideally suited for TKA. HTO allowed
70–85 % of patients to delay arthroplasty for
C5–10 years and 50–60 % for C15 years [8].

Laprade et al. conducted a prospective
outcome analysis of proximal tibial opening
wedge osteotomies performed in young and
middle-aged patients (aged \55 years) for the
treatment of symptomatic medial compartment
osteoarthritis of the knee [9]. Performing proxi-
mal tibial opening wedge osteotomies to treat
symptomatic medial compartment osteoarthritis
in carefully selected patients leads to a significant
improvement in subjective and objective clinical
outcome scores with correction of malalignment
at a mean of 3.6 years postoperatively.

HTO is a widely performed procedure, and
good results can be achieved with appropriate
patient selection and precise surgical techniques.
Clinical indications include varus alignment of
the knee associated with medial compartment
osteoarthritis, knee instability, medial compart-
ment overload following meniscectomy, and
osteochondral defects requiring resurfacing pro-
cedures [10]. Coronal alignment (i.e., varus,

valgus) and sagittal alignment (i.e., tibial slope)
should be thoroughly evaluated in all cases. Many
techniques have been described for HTO, whe-
ther alone or in combination with other proce-
dures (e.g., anterior cruciate ligament
reconstruction, meniscal transplant, cartilage
resurfacing). Little direct evidence exists
regarding the effectiveness of HTO alone or in
combination with other procedures because of the
lack of randomised controlled studies. However,
it is commonly accepted that correct alignment is
essential in achieving durable results.

Spahn et al. performed a meta-analysis to
compare the long-term effects of HTO and
unicompartmental knee arthroplasty (UKA)
regarding survival, outcomes and complications
of total arthroplasty [11]. Literature research was
performed using established medical databases:
MEDLINE (via PubMed), EMBASE (via OVID)
and the Cochrane register. Criteria for inclusion
were as follows: English or German papers, a
clinical trial with a clear description of survival,
an outcome evaluation using a well-described
knee score and a follow-up [5 years. Statistical
analysis was performed using the special meta-
analysis software called ‘‘Comprehensive Meta
Analysis’’ (version 2.0; Biostat, Englewood, NJ,
USA). This meta-analysis aimed to find the
advantages and disadvantages of two established
methods for the treatment for medial compart-
ment knee osteoarthritis. Valgus HTO was more
appropriate for younger patients who accept a
slight decrease in their physical activity. Medial
UKA was appropriate for older patients obtain-
ing sufficient pain relief but with reduced phys-
ical activity.

9.6 High Tibial Osteotomy: Its
Effects on Articular Cartilage

According to Parker et al., the realignment of the
knee following HTO changes the loading
patterns within the joint and may allow for
regeneration of articular cartilage [12]. Their
hypothesis was that altering mechanical
alignment through HTO will have predictable
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effects on articular cartilage, allowing cartilage
preservation and possible regeneration. In a case
series study (level of evidence IV), ten patients
undergoing medial opening wedge HTO were
evaluated by MRI at 6 months, 1 year, and
2 years after HTO. The main conclusion was
that medial opening wedge HTO provided
subjective improvements in pain and quality of
life, but the potential benefit of allowing
articular cartilage preservation and possible
regeneration was not well established. Results
showed that after a non-weight bearing period,
the rate of change in the medial compartment
changes from negative to positive, indicating the
potential for articular cartilage recovery
secondary to an improved mechanical
environment.

9.7 High Tibial Osteotomy
in Combination
with Microfracture

According to Sterett et al. arthroplasty, UKA or
TKA, may not be appropriate in patients with
arthritic malalignment of the knee who desire to
remain highly active [13]. In a case series (level
of evidence IV) they determined the length of
time patients with varus osteoarthritis can avoid
knee arthroplasty with chondral resurfacing
(microfracture) and medial opening wedge
HTO. Sterett et al. concluded that with 91 %
survivorship at 7 years, microfracture associated
with HTO seemed to contribute to a delay of
knee arthroplasty in active patients with varus
osteoarthritis.

9.8 High Tibial Osteotomy
in Combination with MACI

Bauer et al. investigated the first case series of
combined neutralising HTO and matrix-induced
autologous chondrocyte implantation (MACI)
with MRI [14]. Treatment goals were clinical
improvement and delay of arthroplasty. The
combined procedure provided a safe treatment
option for younger patients with medial knee

osteoarthritis and varus alignment with signifi-
cant clinical improvement at 5 years. However,
overall graft survival and cartilage infill were
poor.

9.9 Osteotomy in Combination
with Meniscal Transplantation
and Cartilage Repair

According to Harris et al. combined meniscal
allograft transplantation (MAT) and cartilage
repair or restoration is a recognized treatment for
patients with painful, meniscus-deficient knees
and full-thickness cartilage damage [15]. They
compared outcomes after combined MAT and
cartilage repair/restoration with the outcomes of
isolated MAT or cartilage repair/restoration.
Multiple databases were searched with specific
inclusion and exclusion criteria for clinical
outcome studies after combined MAT and
cartilage repair or restoration. The main
conclusion of this systematic review with level
IV of evidence was that clinical outcomes after
combined MAT and cartilage repair/restoration
were similar to those after either procedure in
isolation. Despite low rates of complications and
failures, there was a high rate of subsequent
surgery after combined MAT and cartilage
repair or restoration.

9.10 Cartilage Defects
of the Femoral Trochlea

According to Gallo and Feely, despite
improvements in the ability to detect articular
cartilage defects of the trochlea, determining the
significance of these lesions remains difficult
[16]. Physical examination and history taking
remain the best way to estimate the clinical
impact of these lesions. Debridement and/or
microfracture are often initial surgical interven-
tions; these procedures can be expected to
provide functional improvement in over 50 %,
but studies suggest that the amount of
improvement deteriorates within 3 years. While
initial reports on ACI and osteochondral
allografts in the treatment of trochlear defects
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appeared to be more promising solutions, long-
term follow-up studies are lacking. Similarly,
the effect of tibial tubercle osteotomy combined
with cartilage restoration techniques remains
unresolved. Nonetheless, based on the limited
available evidence, ACI or osteochondral
allografts combined with a tibial tubercle
osteotomy when appropriate have provided the
most durable treatment for these difficult-to-treat
lesions.

9.11 Management
of the Posttraumatic
Arthritic Knee

Reconstruction options for symptomatic post-
traumatic knee arthritis include osteotomy,
arthrodesis, and arthroplasty [17]. Surgical
challenges include the presence of extensive
(often broken) hardware, scarring, stiffness,
bony defects, compromised soft tissues, and
malalignment. Patient age and activity and the
anatomic location and extent of damage to the
articular surface must be taken into account
when determining the surgical treatment plan.
For younger patients, osteotomy, allograft
transplantation, or arthrodesis of the knee is
considered, whereas older, low-demand patients
are usually treated with arthroplasty. Attention
to specific technical details and careful surgical
technique are necessary to achieve a successful
result. Functional improvement is usually seen
following arthroplasty and, sometimes,
arthrodesis. However, complications are com-
mon, and outcomes following arthroplasty are
generally inferior to those reported for other
diagnoses.

9.12 Large Posttraumatic Full-
Thickness Osteochondral
Defects in the Proximal Tibia

According to Shasha et al. the management of
large posttraumatic full-thickness osteochondral
defects in the proximal part of the tibia remains a
challenge [18]. The goal of treatment is a pain-

free range of motion of the knee that provides
enduring function and enables a young patient to
participate in a wide range of activities. The use of
fresh osteochondral allograft transplantation for
tibial plateau lesions has been well documented.
Shasha et al. assessed the survivorship and the
long-term functional outcome following fresh
osteochondral ransplantation for unipolar post-
traumatic tibial plateau defects in young, high-
demand patients. The main conclusion was that
fresh osteochondral allografts for large traumatic
defects of the tibial plateau provided a long-last-
ing and reliable reconstructive solution for a high-
demand population. Meniscal allografts should be
used when clinically warranted. In the study, all
grafts were protected with a coincident realign-
ment osteotomy when preoperative radiographs
suggested that the allograft would be placed under
increased load. Conversion to TKA was required
for approximately one-third of the patients at an
average of ten years.

9.13 Conclusions

The management of large posttraumatic full-
thickness osteochondral defects in the knee
remains a challenge. The goal of treatment is a
pain-free range of motion of the knee that
provides enduring function and enables a young
patient to participate in a wide range of activities.
Patient age and activity and the anatomic location
and extent of damage to the articular surface must
be taken into account when determining the sur-
gical treatment plan. For younger patients, high
tibial osteotomy (HTO) alone, or in combination
with microfracture, ACI-MACI, allograft trans-
plantation, or arthrodesis of the knee is consid-
ered, whereas older, low-demand patients are
usually treated with TKA. Attention to specific
technical details and careful surgical technique
are necessary to achieve a successful result.
Functional improvement is usually seen follow-
ing TKA and, sometimes, arthrodesis. However,
complications are common, and outcomes fol-
lowing TKA are generally inferior to those
reported for other diagnoses.

84 E. C. Rodrı́guez-Merchán and H. De la Corte-Garcı́a



References

1. Detterline AJ, Goldberg S, Bach BR Jr, Cole BJ
(2005) Treatment options for articular cartilage
defects of the knee. Orthop Nurs 24:361–366

2. Gross AE (2002) Repair of cartilage defects in the
knee. J Knee Surg 15:167–169

3. Cain EL, Clancy WG (2001) Treatment algorithm for
osteochondral injuries of the knee. Clin Sports Med
20:321–342

4. Rönn K, Reischl N, Gautier E, Jacobi M (2011)
Current surgical treatment of knee osteoarthritis.
Arthritis 2011:454873

5. Otsuki S, Nakajima M, Lotz M, Kinoshita M (2008)
Hyaluronic acid and chondroitin sulfate content of
osteoarthritic human knee cartilage: site-specific
correlation with weight-bearing force based on
femorotibial angle measurement. J Orthop Res
26:1194–1198

6. Sternheim A, Garbedian S, Backstein D (2011) Distal
femoral varus osteotomy: unloading the lateral
compartment: long-term follow-up of 45 medial
closing wedge osteotomies. Orthopedics
34:e488–e490

7. Niemeyer P, Schmal H, Hauschild O, von Heyden J,
Südkamp NP, Köstler W (2010) Open-wedge
osteotomy using an internal plate fixator in patients
with medial-compartment gonarthritis and varus
malalignment: 3-year results with regard to
preoperative arthroscopic and radiographic findings.
Arthroscopy 26:1607–1616

8. Gomoll AH (2011) High tibial osteotomy for the
treatment of unicompartmental knee osteoarthritis: a
review of the literature, indications, and technique.
Phys Sportsmed 39:45–54

9. Laprade RF, Spiridonov SI, Nystrom LM, Jansson
KS (2011) Prospective outcomes of young and
middle-aged adults with medial compartment
osteoarthritis treated with a proximal tibial opening
wedge osteotomy. Arthroscopy

10. Rossi R, Bonasia DE, Amendola A (2011) The role
of high tibial osteotomy in the varus knee. J Am
Acad Orthop Surg 19:590–599

11. Spahn G, Hofmann GO, von Engelhardt LV, Li M,
Neubauer H, Klinger HM (2011) The impact of a
high tibial valgus osteotomy and unicondylar medial
arthroplasty on the treatment for knee osteoarthritis:
a meta-analysis. Knee Surg Sports Traumatol
Arthrosc

12. Parker DA, Beatty KT, Giuffre B, Scholes CJ,
Coolican MR (2011) Articular cartilage changes in
patients with osteoarthritis after osteotomy. Am J
Sports Med 39:1039–1045

13. Sterett WI, Steadman JR, Huang MJ, Matheny LM,
Briggs KK (2010) Chondral resurfacing and high
tibial osteotomy in the varus knee: survivorship
analysis. Am J Sports Med 38:1420–1424

14. Bauer S, Khan RJ, Ebert JR, Robertson WB, Breidahl
W, Ackland TR, Wood DJ (2011) Knee joint
preservation with combined neutralising high tibial
osteotomy (HTO) and matrix-induced autologous
chondrocyte implantation (MACI) in younger
patients with medial knee osteoarthritis: a case
series with prospective clinical and MRI follow-up
over 5 years. Knee

15. Harris JD, Cavo M, Brophy R, Siston R, Flanigan D
(2011) Biological knee reconstruction: a systematic
review of combined meniscal allograft
transplantation and cartilage repair or restoration.
Arthroscopy 27:409–418

16. Gallo RA, Feeley BT (2009) Cartilage defects of the
femoral trochlea. Knee Surg Sports Traumatol
Arthrosc 17:1316–1325

17. Bedi A, Haidukewych GJ (2009) Management of the
posttraumatic arthritic knee. J Am Acad Orthop Surg
17:88–101

18. Shasha N, Krywulak S, Backstein D, Pressman A,
Gross AE (2003) Long-term follow-up of fresh tibial
osteochondral allografts for failed tibial plateau
fractures. J Bone Joint Surg Am 85-A (Suppl
2):33–39

9 Alignment Osteotomies 85



10Rehabilitation of Chondral Lesions
of the Knee

Hortensia De la Corte-Rodrı́guez, Juan M. Román-Belmonte,
and Hortensia De la Corte-Garcı́a

10.1 Introduction

Chondral lesions of the knee are a frequent cause
of pain and functional impairment. They often
occur in young persons and in athletes, which
makes them especially relevant to the work of
specialists in the fields of rehabilitation, ortho-
paedic surgery and sports medicine. These
lesions are normally of a developmental nature
and conservative management rarely offers sat-
isfactory results. For that reason, a more
aggressive approach is usually necessary to
induce clinical improvement [1].

The surgical techniques used initially in the
treatment of chondral lesions provided very poor
results. Nonetheless, new techniques are now
available that appear extremely promising for the

future [2–4]. All of these require appropriate
postoperative rehabilitation to maximise the
patient’s potential to recover. Such postoperative
rehabilitation must always be customised to the
patient’s needs, taking into account the surgical
technique employed and its particular specificities.

The goal of treatment is to achieve the highest
possible degree of functional recovery in as little
time as possible, within the limits established by a
series of safety criteria conceived to ensure the
recovery of the involved cartilage [5].

The present chapter contains a review of the
foundations of rehabilitation, the most common
rehabilitation techniques and the biomechanical
and physiopathological principles that may be
applied when approaching lesions in the articu-
lar cartilage of the knee. We shall also be pre-
senting a series of indications, by way of
protocols, for the surgical options most com-
monly used in knee pathology: microfracture
procedures, osteochondral autograft transplan-
tation and autologous chondrocyte implantation.

10.2 Rehabilitation: An overview

Rehabilitation in a patient with a chondral injury of
the knee, whether previously subjected to surgery
or not, is aimed at improving force, range of motion
and proprioception; in a nutshell, the patient’s
functional status. Several treatment possibilities
exist to achieve this goal, such as the use of oral
medication, infiltrations, orthoses, technical aids
and a number of physical techniques.
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These physical techniques include a series of
therapies that can be classified on the basis of
the physical principle they are founded upon, as
shown in Table 10.1.

A detailed description of the specific charac-
teristics of each of the physical therapies men-
tioned is made below, with a special emphasis on
those that are most frequently indicated following
surgery for chondral injuries of the knee.

10.2.1 Thermotherapy

Thermal therapy includes both increasing and
decreasing body temperature, although some
authors use the term exclusively in connection
with increases in temperature, using the term
cryotherapy to refer to the application of cold.
Methods involving the therapeutic use of local-
ised cold are widely used in the initial stages
post-surgery and, generally, whenever inflam-
mation is present.

When opting for a temperature increase, the
first thing that must be decided in whether the
heat is to be applied at a deep or superficial
level. Superficial heat therapy chiefly heats the
skin, whereas deep heat application often
reaches the muscular layer. Deep-tissue ther-
motherapy (known as diathermy) is usually
achieved by applying (electro-magnetic or
vibratory) energy, which turns into heat when
absorbed. Such treatment is seldom indicated
following knee surgery, although they may be of

use in the subacute or chronic phases of chondral
disease in the knee.

10.2.2 Electrotherapy

Electrotherapy is founded on the physiological
effects exerted by an electric current as it passes
through the body. Based on an electromagnetic
principle, electrotherapy may be of several dif-
ferent kinds depending on the number of cycles
per second (measured in hertz) they reach during
their application. Thus, there are:
– Low-frequency currents [e.g. Transcutaneous

Electrical Nerve Stimulation (TENS)], used to
provide analgesia and to stimulate motion.

– Medium-frequency currents (e.g. interferen-
tial current therapy), employed chiefly for
pain control.

– High-frequency currents (e.g. short wave and
micro wave therapy), used to cause a thermal,
analgesic and anti-inflammatory effect. These
currents usually include a pulsed mode, which
does not generate heat and therefore is exempt
from the contraindications of diathermy.
Electrotherapy also allows the delivery of

pharmacological substances through the skin by
means of continuous electrical current; this is
known as iontophoresis. The substances most
commonly delivered include lidocaine, dexa-
methasone, non-steroid anti-inflammatory drugs
(NSAIDs) gels and acetic acid [6].

A widespread kind of electrotherapy, particu-
larly for rehabilitation of patients subjected to
knee surgery, is TENS therapy. TENS consists in
low-frequency currents, applied mainly with
analgesic purposes, which use symmetrical pulses
that are compensated in different ways. There are
several TENS modalities, each of them used for
different current parameters. Two important ones
are conventional TENS (high frequency and low
intensity), which provides quick but short-lasting
analgesia and acupuncture-type TENS (low fre-
quency and high intensity), with longer-lasting
but later onset and less well tolerated analgesia.

When applied to a muscle at sufficient intensity,
the pulse of an electric current can have a stimu-
lating effect; this is what is called neuromuscular
electrical stimulation (NMES). This current may

Table 10.1 Description of the physical techniques used
in rehabilitation

Thermotherapy Changes the temperature in a
part of the body

Electrotherapy Uses different types of non-
ionising radiation

Ultrasound and
shockwave therapy

Harnesses of the effects of
different mechanical waves

Light therapy and
thalassotherapy

Applies natural sources of
energy such as the sun and sea-
water, either in their natural
state or with some modification

Kinesitherapy Subjects the body to physical
exercise or some kind of
movement
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be applied to either a motor efferent nerve or
directly to a muscle. An electrically-induced
muscle contraction is not the same as a voluntary
contraction. When a pulse is applied, it is the phasic
muscle fibres that contract first, without any spatial
or temporal additive effect. Successive pulses are
required to increase muscle contraction time. As
we know, NMES does not result in a physiological
muscle contraction, so its indications should be
restricted to denervated muscles and to those
muscles that are inhibited by pain. It is more
effective to combine NMES with voluntary muscle
contraction [7].

The last of the therapeutic modes usually
covered by the term electrotherapy to be men-
tioned in this section is magnet therapy. Mag-
net therapy is based on the use of low-
frequency magnetic fields (10–100 Hz) with a
therapeutic purpose. It has no thermal effect
and, although it has a certain analgesic and
anti-inflammatory effect, it is most commonly
used to improve scar healing and promote new
bone formation [8].

10.2.3 Ultrasound and Shockwave
Therapy

Some techniques use mechanical phenomena to
bring about their therapeutic effect. Two of these
techniques have classically been used in stan-
dard rehabilitation practice: ultrasound and
shock waves. As shockwaves are seldom used in
post-surgical patients, the discussion will centre
on the benefits of ultrasound.

Therapeutic ultrasound consists of a succes-
sion of sound waves produced by inaudible
acoustic vibrations. It can be used either in a
continuous mode, which exerts the same thermal
effects as diathermy, or in a pulsed mode, which
has a thermal analgesic, anti-inflammatory and
bone-forming effects based solely on mechanical
changes. In addition, it promotes a deep-layer
rearrangement of collagen fibres. Ultrasound also
enhances the penetration of a drug substance
through the skin; this is what is referred to as
sonophoresis or phonophoresis. There are com-
mercially available gel preparations that contain
cortico-steroids, NSAIDs or lidocaine [9].

10.2.4 Laser

The word laser is an acronym for light amplifica-
tion by stimulated emission of radiation. A laser is a
beam of light where the different waves possess the
same wavelength, which makes the light mono-
chromatic and coherent. Of the different types of
laser systems available, medium-power (less than
100 mW) systems are the most commonly used for
post-surgical patient rehabilitation. They are
characterised by their low thermal activity (they
produce low and very superficial heat) and their
therapeutic action is based on a photochemical
principle whereby physiological bodily processes
are accelerated through the stimulation of meta-
bolic reactions at cellular level. This technology is
used mainly to provide analgesia and reduce
inflammation, although it also improves tissue
repair mechanisms [10].

10.2.5 Kinesitherapy

It is of essence to take into consideration the bio-
mechanical characteristics of the knee whenever a
kinesitherapy programme is prescribed [11]. The
main types of exercises to be indicated include:
(a) Muscle building exercises,
(b) Muscle flexibility exercises,
(c) Proprioception exercises,
(d) Cardiovascular endurance exercises.

Each of these exercises is discussed in detail
below.

(a) Muscle building pursues the improvement
of different parameters at the level of the skeletal
muscle, such as strength, power and resistance.
There are several types of contractions and work
methods, which have to be combined depending
on the specific functional recovery goals that need
to be achieved [12, 13]. As far as contractions are
concerned, these may be isometric, isotonic or
isokinetic. Plyometric contractions can be con-
sidered a subtype of isotonic contraction.

An isometric contraction generates muscular
activity without changes in the length of the
muscle. It is a contraction that can be indicated
safely whenever joint mobility entails a certain
risk. Nonetheless, as this type of contraction
may produce significant muscle tightness, it
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should be used with extreme caution following a
surgical procedure involving muscular or tendi-
nous structures.

An isotonic contraction generates a force that
changes the length of the muscle. There are two
kinds of isotonic contractions: concentric and
eccentric. In a concentric contraction, the muscle
shortens as it contracts (i.e. as it origin and insertion
sites come together). In an eccentric contraction,
the muscle generates tension in order to overcome a
certain resistance, which results in a lengthening of
the muscle [14]. This type of contraction is used
fairly commonly in order to increase the precision
of a large number of movements, thereby improv-
ing their overall balance. It is a contraction that is
typical of sports movements, where it is used
chiefly as a deceleration device.

Plyometric contraction is a combination of
the two previous types of contraction. It com-
prises an initial eccentric contraction, which
leads to a concentric contraction immediately
afterwards. This type of contraction is usually
involved in jumping activities.

Isotonic exercises can be classified into
closed kinetic chain (CKC) and open kinetic
chain (OKC) exercises. The kinetic chain con-
cept refers to the transmission of force vectors
through the different body parts involved in a
certain movement (thus in the lower limb the
chain would be foot, ankle, leg, knee, thigh and
hip). What distinguishes both types of kinetic
chains is whether the distal segment is anchored
or not to a fixed surface (e.g. in a closed kinetic
chain of the lower limb the foot must be fixed to
a surface). Each of the two types of exercises has
its own specificities (Table 10.2), so they must
be indicated on the basis of biomechanical and
time-related criteria [15, 16].

When prescribing a certain exercise, it is
essential to provide the patient with precise and
detailed information. The resistance to be over-
come during each contraction as well as the
number of sets and repetitions should be adapted
to the patient’s possibilities. In addition, exer-
cises should always be progressive.

There are several ways of determining the
amount of force that can be exerted by the
patient [17]. One of these methods consists in

measuring the maximum resistance (MR) that
can be overcome by a patient during one con-
traction (1MR) or 10 contractions (10MR) by
means of a static dynamometer or other more
sophisticated instruments.

There is a third type of muscle contraction,
isokinetic contraction [18] This is a kind of
dynamic contraction in which a constant angular
velocity is applied over the whole range of
motion. Using these kinds of contractions as part
of a rehabilitation programme calls for the use of
costly equipment, such as an isokinetic dyna-
mometer [19]. This device makes it possible to
accurately evaluate the peak torque produced as
well as the agonist–antagonist ratio [20]. These
values are represented not only by a numerical
value but also by means of a curve that provides
useful information. In addition, the device makes
it possible to treat patients both in a concentric and
an eccentric mode. Its main advantages are that it
provides a very safe working environment as
speed is always constant and that it allows strict
control of the patient’s activity. In summary, it
provides an objective way of determining a
patient’s specific progression rate along his or her
rehabilitation plan [21].

(b) Flexibility exercises are aimed at achiev-
ing a full range of motion without pain. There
are three main types of stretching exercises: [22]
• Stationary stretching exercises: they involve

passively placing a muscle in full extension and

Table 10.2 Characteristics of open and closed kinetic
chain exercises

OKC CKC

Distal segment Free Fixed

Support None At least partial

Exercise Analytic (on a
segment)

Global (on the
whole chain)

Proprioceptive
training

Weak Strong

Type of
resistance

Artificial Physiologic

Example Knee extension
with ankle
weights

Squats

OKC open kinetic chain, CKC closed kinetic chain
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holding it in that position for about 30 s. These
are the safest and simplest stretching exercises.

• Ballistic stretching: repeated contractions of
an agonistic muscle to relax an antagonistic
muscle. These exercises require greater con-
trol and are normally reserved for athletes.

• Proprioceptive neuromuscular facilitation
(PNF) stretching involves contracting a mus-
cle and subsequently performing a stationary
stretch of the same muscle.
(c) Proprioception is a sensorimotor control

ability that comprises a complex neuromuscular
and articular process that brings together sensory
afferents and motor efferents [23, 24]. The goal
is to provide an articular complex with static and
dynamic stability in order to optimise energy
consumption while performing sports move-
ments [25].

Instrumental techniques are used to evaluate
proprioception so as to examine the patient’s
ability to detect a passive movement or an
articular position in space [26].

(d) Cardiovascular endurance exercises are
constant or progressive-intensity aerobic exer-
cises aimed at maintaining a certain heart rate
according to the type of physical or sports-
related activities that need to be trained. The
exercises include running and cycling, among
others. It should be remembered that cardio-
vascular exercise is possible even if active or
passive motion of the operated knee are con-
traindicated. In those cases other bodily seg-
ments can be exercised, by means of manual
cycle ergometers or other instruments.

10.3 Rehabilitation Treatment
in Chondral Injuries

As mentioned above, rehabilitation involves the
administration of conservative treatment made
up of a set of therapeutic techniques. It should be
pointed out that no rehabilitation technique has
to date been shown to achieve healing of a
chondral defect in a direct manner. For that
reason, the presence of a lesion in the articular
cartilage calls for an early surgery that may
prevent further articular destruction.

Four aspects need to be carefully considered
when designing a rehabilitation programme for a
patient afflicted with a chondral lesion, whether
previously operated or not:
– Pain and inflammation: their control is para-

mount for the rehabilitation treatment to pro-
ceed in an appropriate manner.

– Weight-bearing: the purpose is not only to
determine the amount of weight-bearing that
can be allowed but also the angles of knee
flexion at which the limb may bear weight.

– Range of motion: it is essential to know the
exact location of the lesion and at what point
of the knee’s range of motion there is
engagement between the lesion and some
other surface of the joint.

– Muscular strengthening: this point cannot be
considered without taking into account the
two previous ones.
In order to make the recommendations above

it is vital to know the cartilage’s histology as
well as the knee’s anatomy, arthrokinetics and
biomechanics in order to prescribe a therapeutic
rehabilitation programme in appropriate safety
conditions [27].

10.3.1 Knee Biomechanics

A profound knowledge of the biomechanics of the
knee is key to understanding how much weight-
bearing can be allowed and at what joint angle, as
well as the ranges of motion to be observed to
guarantee a safe rehabilitation process.

Generally speaking, it can be said that the loads
supported by the knee are transmitted from the
tibial plateau to the femoral condyles, with the
medial and lateral menisci being in charge of
providing conformity between the tibial plateau
and the femoral condyles. Such loads are not
transmitted in a uniform manner to the different
articular structures involved [28, 29]. Load
transmission depends on extra-articular factors
(amount of weight supported by the joint) and
intra-articular factors (degree of disruption of
weight-bearing structures and knee flexion angle).

When extending the tibiofemoral joint, the
anterior surface of the femoral condyles contacts
the middle of the tibial plateau. As the knee is
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flexed, two kinds of movements occur: on the
one hand, the femoral condyles roll posteriorly
and, on the other, they slide forward [30].

In addition, the patellofemoral joint does not
allow contact between the patella and the
trochlear groove when the knee is in extension.
As the joint is flexed, the contact area between
the patella and the trochlea increases (at 908
flexion it is 6 cm2) [31]. This means that in
lesions of the patellar cartilage, immediate
weight-bearing can be authorised after surgery
with a knee extension brace, as in these cir-
cumstances there is no contact between the
patella and the trochlear groove.

10.3.2 Goals of Treatment

In order to accurately determine the goals of a
rehabilitation programme it is important to know
the patients’ previous level of activity as well as
the level they wish to reach postoperatively. One
must know whether they would like to play any
sports and, if so, what kind, in order to be able to
put together an individualised rehabilitation
programme. In patients with chondral lesions,
rehabilitation plays a dual role.
1. Rehabilitation can be advantageous both to

patients who for some reason are not ame-
nable to surgical treatment and to those who
are going to be operated but in whom surgery
has to be delayed for some time. The purpose
will be to relieve symptoms and arrest the
progression of the lesion so as to prevent any
sequelae (reductions in range of motion,
strength and function). It is important to be
aware that rehabilitation cannot alter the
natural course of the disease; it can merely
modify the patient’s symptoms.

2. In patients for whom surgery is indicated,
rehabilitation following cartilage repair will
be aimed at creating a protected environment
that facilitates the healing of tissue while at the
same time work is done to achieve progressive
functional recovery in terms of pain control,
improvement of range of motion, develop-
ment of muscle strength, reeducation of gait
and, on some occasions, sports retraining.

Rehabilitation following surgery is funda-
mental and a key element of surgical success.
The importance of communication between
surgeon and physical therapist should not be
underestimated. Certain surgical details such
as the time of lesion encountered, the type of
procedure carried out and the occurrence of
any unexpected events intraoperatively are of
great importance to draw up an optimal reha-
bilitation programme.
This initial phase, during which the goals of
rehabilitation are established, should never be
neglected as it is precisely at this stage that the
foundations of the whole rehabilitation treat-
ment are laid. Failure to establish reasonable
goals that the patient is comfortable with may
result in situations where two patients with
similar knee function in terms of range of
motion, strength and pain and subjected to the
same treatment have diametrically opposite
opinions about their therapy, one of them
considering it an outright success while the
other calling it a dismal failure. Furthermore,
the goals of rehabilitation should not be static.
On the contrary, they must be periodically
adapted according to the clinical evolution of
the patient, which is not always predictable.

10.4 Postoperative Rehabilitation
in Chondral Lesions
of the Knee

This section shall provide a rehabilitation pro-
gramme with its different phases and the thera-
peutic techniques that should be applied at each
stage. A discussion of the nature of each phase
of treatment (based on the surgical technique
employed) will follow [27, 32, 33].

Subsequently, a series of protocols will be
established with specific indications for the post-
operative rehabilitation from the three most
common surgical techniques employed at the
present time for the treatment of chondral
lesions: microfractures, osteochondral autograft
transplantation and autologous chondrocyte
transplantation.
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10.4.1 Phases

Phase 1: Non-Weightbearing Period
(Weeks 0–8)
In patients with tibiofemoral defects, non-
weightbearing is often indicated for 4–8 weeks,
depending on the characteristics of the proce-
dure, with a view to protecting the operated
chondral or osteochondral area. In patients with
a patellar cartilage defect, full weight-bearing
can be allowed from day one with a locked knee
extension brace that could gradually be worn
unlocked from the first month.

In terms of the kinds of treatment to be
administered at this early stage, the authors
suggest the following.

Analgesic and anti-inflammatory must be
administered to patients with painful symptoms
as this ensures greater patient compliance with
the rehabilitation programme [26]. Physical
therapy techniques are essential to control pain
and inflammation, in particular TENS, mobili-
sation, cold, compression and elevation.
Appropriate use of pharmacological support
should not be forgotten.

TENS currents (both conventional as well as
acupuncture-type TENS) have shown them-
selves to have an excellent analgesic potential.

Another physical technique that is frequently
applied is joint mobilisation, which could have a
significant analgesic effect through a neuro-
modulation system [34].

Daily cryotherapy, particularly when admin-
istered after the treatment sessions, has been
shown to have an analgesic and anti-inflamma-
tory effect. In this respect, the use of cryotherapy
for at least 25 min has been considered most
effective and totally safe [35].

Medication can be administered either sys-
temically or locally. NSAIDs are the most fre-
quently used drug for systemic treatment.
Several studies have confirmed their efficacy for
pain relief, although their effects on inflamma-
tion control are rather modest. Their potential
adverse effects must not constitute an obstacle to
the judicious use of NSAIDs since their advan-
tages largely offset their drawbacks. It should be

pointed out that several models are currently
being proposed as alternatives to the classical
WHO Analgesic Ladder, such as the analgesic
elevator model, which suggests a direct use of
several analgesics (NSAIDs, weak and stronger
opioids) depending on the intensity of the
patient’s pain.

Drugs can also be used locally in the joint.
Given the large surface covered by the knee
joint, topical medication is not normally rec-
ommended. For this reason, the local application
of substances is normally performed by means
of an injection, either intra- or peri-articularly.
As shown in the corresponding chapter, the two
most common kinds of intra-articular infiltration
are cortico-anesthetics and viscosupplementa-
tion. As far as peri-articular injections are con-
cerned, some authors recommend injection of
corticoids at the level of the extensor mechanism
in the event of an arthrofibrosis that proves
refractory to physical treatment.

As regards the use of bracing, certain ortho-
ses are ideally suited for tibiofemoral lesions
since they incorporate a classical three-point
pressure system to release the pressure in the
medial compartment. Some authors claim that
these orthoses have the potential to relieve pain,
increase function and improve joint mechanics
[36]. In patello-femoral lesions, weight-bearing
may be allowed with a knee extension brace
immediately after surgery; the brace should be
progressively discontinued from weeks 4–8 so as
to allow full unguarded weight-bearing [5].

Tissue release is another essential point. In
this respect, gentle patellar mobilisations, both
in a mediolateral and a craniocaudal direction, as
well as the release of the extensor mechanism,
should be initiated early in order to reduce the
risk of arthrofibrosis. In addition, scar-reduction
massotherapy should be applied from the second
week in order to release the skin and the deeper
layers, especially in cases where an arthrotomy
was performed [26].

Joint mobilisation must be started as early as
possible. Failure to mobilise the knee post-
operatively could lead to ominous complications
in the joint and periarticular structures. Early
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mobilisation improves the distribution of syno-
vial fluid, relieves pain, prevents the formation
of adhesions that could result in stiffness and
arthrofibrosis, minimizes articular retractions
and permits a progressive increase of the
patient’s range of motion [37]. Joint mobilisa-
tion can be carried out automatically by means
of a continuous passive motion device or man-
ually, by a physical therapist. As regards joint
mobilisation, restrictions on range of motion
may be imposed depending on the location of
the defect, the surgical technique and the clinical
behaviour of the knee. For this reason, the sys-
tematic range of motion limitations prescribed in
the past are no longer acceptable.

From the point of view of muscle strength-
ening, it is important to train both the agonistic
and antagonistic muscles (quadriceps and ham-
strings) and progressively introduce resistance
exercises [25]. The aim is not just to determine
how much resistance the patient can overcome
or how many exercises he or she must perform.
It is also mandatory to know what kinds of
exercises must be prescribed, which makes it
necessary to know how much weight can be
borne by the involved limb (especially for closed
kinetic chain exercises) and what range of
motion can safely be used at this stage (espe-
cially for open kinetic chain exercises).

Recent studies have emphasised the impor-
tance of considering other structures, in addition
to the muscles of the knee. Isometric abdominal
and spinal muscle training, as well as training of
the lateral flexor and rotator muscles of the hip,
may play an important role in re-establishing the
neuromuscular balance of the whole limb and
could contribute to preventing sports-related
injuries to the knee [38–40].

Neuromuscular electrical stimulation is not
indicated routinely but rather during the initial
post-op period or when the patient has difficulty
overcoming post-surgical reflex muscle inhibi-
tion. It is useful chiefly as biofeedback, which
means that active muscle co-contraction should
always be required [26]. When necessary, mus-
cle neurostimulation must be indicated in the
early post-operative period when needed,

preferably at high-intensities so as to magnify its
effect.

Hydrokinesitherapy is also a therapy that
contributes significant benefits. Guided water
exercises should be introduced from the 3rd
week, if appropriate healing of the surgical
would has taken place. This kind of therapy
allows non-weightbearing training and can be
administered at the same time as flexibility and
muscle strengthening exercises are performed
[41–43]. In the initial phases it is important to
make sure that the operated lower limb does not
touch the bottom of the swimming-pool [44].

Phase 2: Protected Weight-Bearing
(4–8th Week to 12th Week)
This stage consists in the progressive initiation
of partial weight-bearing at ranges of motion
where the operated chondral surface engages
with some other surface in the joint. Therefore, it
is essential to determine how much weight-
bearing can be allowed on the operated limb and
at what knee flexion angles can the weight be
borne. An analysis of the knee’s arthrokine-
matics is needed to be able to make such
recommendations.

Strain gauge platforms are currently available
that allow an exact determination of the weight
borne by the involved limb. If such a device is
unavailable, this determination can be obtained
by means of a scale. This allows the patient to find
out, albeit in a subjective and approximate man-
ner, how much weight the involved limb can bear.

A gradual increase in weight-bearing will
allow the patient to carry out muscle strength-
ening exercises of increasing difficulty, both in
terms of their nature, the resistance to be
opposed and the number of repetitions done.
Moreover, more demanding proprioceptive
training can be initiated, which is likely to allow
a significant improvement in neuromuscular
control mechanisms [45].

Attention must be paid to the appearance of
potential complications (pain, stiffness, arthro-
fibrosis, persistent inflammation…) that may
interfere with subsequent treatment. In this
respect, it must be underscored that the weight-
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bearing programme must be progressive,
observing the pre-established time frames and
adapting these to the patient’s clinical tolerance.
Weight-bearing must not be overdone in an
attempt to achieve a faster recovery of function.

Phase 3: Low-Impact Activities (12th
Week to 6th Month)
Gait and low-impact activities can be initiated
from the 12th week and are usually maintained
until 6 months post-op; this is when the
remodelling of the operated chondral tissue will
take place from the histological point of view.
The exercises started in the previous phases—
both the muscle strengthening and the proprio-
ceptive ones—must be continued during this
period, gradually increasing the level of diffi-
culty. When full range of motion is achieved,
with adequate muscle strength and full weight-
bearing without pain or effusions, the patient can
start performing low-impact activities such as
trekking or cycling, refraining from participating
in any kind of impact sports.

Phase 4: Initiation of Sports Movements
(from the 6th Month)
During this phase, the operated chondral lesion
must gradually acquire the characteristics of
mature cartilage. The analytic muscle strength-
ening and proprioceptive exercises of the previ-
ous phases of the rehabilitation programme
should allow the patient to progressively incor-
porate sports movements to their training pro-
gramme. At first, they should reproduce the usual
sports movements but at a lower speed than nor-
mal, progressively increasing the speed as its
intensity and complexity of the different move-
ments. Reaction and change of direction exer-
cises can also be introduced gradually as well as
specific sports movements at normal speed in
patients who are professional athletes [26].

Phase 5: Return to Sports Activity (from
the 10–12th Month)
Return to sport can take from 10 to 18 months
depending on the post-op condition of the repair
tissue [33]. At this stage, training of high-impact

activities related to the specific sport the patient
wishes to go back to is indicated. According to
some authors, guided physical training during
these months may improve the long-term results
of surgery [46]. It must be stated that not all
patients will be able to return to sports activity at
their desired performance level, especially in
cases in which the joint is subjected to greater
demands, either because of the type of sport
involved (weight-lifting or soccer) or the inten-
sity of activity (professional/competitive sport)
[47]. The presence of effusion, localised pain or
loss of motion indicates that the patient is not yet
ready to return to sports activity and should
continue with a rehabilitation program intended
to alleviate these symptoms [44]. Nevertheless,
most patients succeed in resuming their previous
sports activity after phase 5, even top level
athletes.

10.4.2 Surgical Technique-Dependent
Considerations

Microfractures
The microfracture technique involves making a
series of microperforations in the damaged
subchondral bone in order to induce bleeding
from the bone [44]. The goal is to get the bone
marrow together with all its substances includ-
ing mesenchymal stem cells, to produce a layer
of fibrocartilaginous tissue that covers the
chondral lesion. From the 8th week post-op, this
tissue will be seen to gradually acquire the
properties of hyaline cartilage [48].

It has been shown that progressive weight-
bearing stimulates the production of cartilage
matrix and improve the tissue’s mechanical
properties. Nonetheless, it must be noted that
one of the most important causes of failure of
this technique is premature weight-bearing. As
regards surgery for tibial plateau and femoral
condylar defects, some authors recommend non-
weightbearing for 8 weeks [44], whereas others
recommend only 6 or even 4 weeks. More recent
studies do not report significant complications
resulting from the introduction of weight-bear-
ing at 4 weeks post-op, although the presence of
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large, deep or complex chondral defects could
make it necessary to delay weight-bearing [49].

The kind of functional improvement obtained
with this technique is slow, with the best results
usually obtained around 2 years post-op. Never-
theless, the main problem with this technique is
the deterioration observed in the newly formed
fibrocartilaginous tissue with the passage of time
[50, 51]. A long-term study (11 years on average)
of a series of 72 patients reported improvement of
both symptoms and function, with age (lower than
35 years) found to be the sole predictive of
improvement with this technique [52].

As far as return to sports is concerned, in a
study of professional American football players
operated with this procedure, 76 % of subjects
managed to resume their previous sport activity
and remained active for an average of 4.6 sea-
sons. The authors found degenerative changes in
most of those subjects who did not go back to
their previous sport [53].

Osteochondral Autograft Transplantation
(Mosaicplasty)
Osteochondral autograft transplantation consists in
the harvesting of osteochondral grafts from non-
weightbearing areas of the knee (peripheral patel-
lar area, intercondylar notch, etc.) [54]. These
usually round grafts are used to cover chondral
defects in a weight-bearing area of the knee. If the
defect is large or complex, several adjoining grafts
are often used, hence the term mosaicplasty. The
main advantage of this technique is that lesions are
covered with hyaline cartilage that is similar to the
native cartilage of the damaged area.

It is important to restrict weight-bearing
during the incorporation of the transplanted
osteochondral material. A reduction in pull-in
and pull-out strength of 44 % has been
observed at 1 week post-op [55]. Incorporation
at the level of the cancerous bone has been
shown to occur at 4 weeks [56]. At 6 weeks,
complete subchondral incorporation is
observed, although the stiffness of the trans-
plant is still significantly (63 %) diminished
[57]. Finally, at 8 weeks a layer of fibrocarti-
laginous tissue develops that seals the whole of
the cartilage surface [56].

Range of motion restoration exercises should
be conducted with caution, considering that the
patient has been subjected to an open arthrotomy
of the knee. Furthermore, special care must be
taken when multiple grafts have been trans-
planted as the resulting joint surface may be
somewhat incongruous.

Donor site morbidity has been the subject of
much investigation. As it often occurs in areas of the
knee subjected to little weight-bearing, the symp-
toms produced by these lesions (intra-articular
bleeding, pain and numbness) tend to resolve within
6 weeks in over 95 % of patients. Most of the studies
performed using this technique have obtained good
or excellent results, with a low complications rate
[58–61]. Some of these successful series report fol-
low-up results of up to 17 years with good results,
which would seem to indicate a satisfactory dura-
bility of the transplanted material [62].

Autologous Chondrocyte Implantation
Autologous chondrocyte implantation (ACI) is a
procedure that combines surgery and cell engi-
neering [63]. It is aimed at repairing chondral
defects with hyaline cartilage similar to that
covering the joint in the natural knee. The
technique is performed in two phases. The first
involves carrying out an arthroscopy to obtain
cartilage tissue from the patient. Such tissue is
used for cartilage harvest and culture, a process
which usually takes several weeks. In a second
phase, an open arthrotomy of the knee is carried
out in order to obtain a periosteal graft that is
attached to the chondral defect with fibrin glue.
The chondrocytes are subsequently injected
below this patch. With time, chondrocyte mat-
uration will result in cartilage tissue that similar
to type II hyaline cartilage.

The first 6 weeks after transplantation con-
stitute the so-called proliferative phase, during
which the transplanted chondrocytes divide and
integrate with the restored cartilage matrix. The
following stage is the transition phase, which is
when proteoglycans are produced at the level of
the cartilage matrix. This phase usually lasts
between 3 and 6 months. The last phase is the
maturation phase, which can extend for up to
3 years postoperatively. This is when the whole

96 H. De la Corte-Rodrı́guez et al.



Table 10.3 Rehabilitation following the microfracture procedure

Evolution
period

Goals Treatment

Condylar/tibial lesion

0–4 weeks Non WB (protect healing tissue from loading)
Resolution of pain and joint swelling
Gradually increase ROM 0–1258
Regain muscular control

A brace is rarely used, an elastic wrap may be
used to control swelling
Ankle pump using elastic tubing
Patellar, soft tissues and scar mobilisation
Initiate CPM ROM, 5–108 per day or manual
passive knee ROM as tolerated
Stretch hamstrings and calf
Isometric co-contractions (Q/H)
Straight leg raises (4 directions)
NMES and/or biofeedback during quadriceps
exercises
Active knee extension (90–408) no resistance, if
there is no engagement of the lesion in this ROM
(OKC)
Swimming pool from week 3
Cryotherapy, elevation, compression as needed

5–8 weeks Progress WB as tolerated
Restoring full ROM (0–1358)
Gradually improve H/Q strength/endurance
(20–30 % of contralateral limb)
Proprioception
Balance/stability (30 % of contralateral)
Recovery of normal gait

Continue patellar and soft tissue mobilisation,
knee flexion, stretching program and use of
NMES as needed
Progression of non-WB knee extension (OKC
exercises)
Begin CKC exercises 0–458
Exercises that target the stability of pelvic girdle
muscles
Initiate balance and proprioception drills
Spinning on a stationary bike (no or low
resistance)
Swimming exercises and gait training
Progression of WB exercises without resistance
in a ROM that does not allow for engagement of
the lesion
Gradually initiate standing and walking
Cryotherapy

9–16 weeks Increase WB on the involved limb to the point of
comfort with the pressure sustained (caution in
ranges of motion that affect the microfracture
site)
Full non-painful ROM
Restoration of normal muscular and
proprioceptive function (±80 % of contralateral
limb)
Increase functional activities

Continue stretching and strengthening
programme
Progression of OKC exercises (extension 0–908)
Progression of CKC exercises 0–908, double-leg
exercises at 308 flexion are allowed
Initiate front lunges, wall squats, front and
lateral step-ups
Continue with balance and proprioception
training
Increase walking (distance, cadence, incline,
etc.)
Cardiovascular training (stationary bike low
resistance, treadmill at a 7 % incline, swimming,
elliptical trainer)

(continued)
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of the chondral tissue integrates with the
underlying bone.

Completion of the phases described above
together with the patient’s clinical evolution will
determine when weight-bearing can be allowed.
With current techniques, which do not require
periosteal sutures, most authors tend to reduce
the non-weightbearing period to 8 weeks [27].
Nonetheless, some still prescribe non-weight-
bearing for up to 12 weeks post-op, even if they

do allow touch weight-bearing (20 % of body
weight) at 2 weeks post-op [64].

The functional results of this technique
reported in the literature can be considered good
or even excellent [64–67], although return to
sport (soccer) was only possible for one-third of
the subjects operated [68]. Some authors have
published accelerated protocols, but none of
them allows return to high-impact sports activity
before 10 months from surgery [69–73].

Table 10.3 (continued)

Evolution
period

Goals Treatment

4–6 months Gradual return to full unrestricted functional
activities
Advance in low-impact exercises
Recovery of correct run and sport-specific skills

Intensify previous programme
Progression to single-leg exercise and resistance
training, with sports specific lifting techniques
and strategies implemented
Running programme (initially on a forgiving
surface)
Agilities are single-plane activities at 25 %
maximum speed, with 25 % weekly speed
increases
Progressive multi-plane activities

6–10 months Provide patients with the performance elements
that are specific to their sport and recreation
Return to team and competitions and prevent the
risk of re-injury

Increase impact and sport exercises
Coordination and straight-plane activities,
eccentric loading, single-leg plyometrics, and
deceleration manoeuvres
Running with change of direction, backward
Sport-specific patterns simulating a match-level
intensity and duration
The authors recommend that patients do not
return to high-impact sports that involve
pivoting, cutting, and jumping until at least
6–10 months after microfracture surgery

Patellar/trochlear lesion

0–4 weeks Full WB with brace locked in full extension
Gradually increase ROM (0–908)
Regain muscular control

Knee immobiliser set at 08 extension
Initiate CPM ROM (0–408) 5–108 per day or
manual passive knee ROM as tolerated
immediately after surgery
Full weight-bearing allowed with knee in
extension
Avoidance of active knee extension
Cryotherapy, elevation, compression as needed

5–8 weeks No pain
Restoring ROM (0–1208)
Gradually improve muscular and proprioceptive
function

Begin to open brace 20–308 with ambulation
Isometric knee exercises
Light OKC exercises
Apart from angle avoidance, the strengthening
exercise program is the same as that used for
tibiofemoral lesions

The protocol for the remaining phases is the same as that for tibiofemoral lesions

WB weight bearing, CPM continuous passive motion, ROM range of motion, Q quadriceps, H hamstrings, NMES
neuromuscular electrical stimulation, OKC open kinetic chain, CKC close kinetic chain
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Table 10.4 Rehabilitation following osteochondral autograft transplantation (mosaicplasty)

Evolution
period

Goals Treatment

Condylar/tibial lesions

0–6 weeks Non WB (protect healing tissue from load)
Resolution of pain and joint swelling
Gradually increase ROM 0–1208
Regain muscular control

Brace locked at 08. Sleep in locked brace for 2–
4 week
Ankle pump using elastic tubing
Patellar, soft tissues and scar mobilisation
Initiate CPM ROM (0–608) 5–108 per day or
manual passive knee ROM as tolerated
Stretch hamstrings and calf
Isometric co-contractions (Q/H)
Straight leg raises (4 directions)
NMES and/or biofeedback during quadriceps
exercises
Active knee extension (90–408) no resistance,
if there is no engagement of the lesion in this
ROM (OKC)
Swimming pool from week 3
Cryotherapy, elevation, compression as needed

7–12 weeks No pain
Progress WB as tolerated (WB status varies
based on lesion location and size)
Restoring full ROM (0–1358)
Gradually improve muscular and
proprioceptive function (±30 % of
contralateral limb)
Recovery of normal gait

Discontinue brace at 6 week, consider
unloading brace
Continue patellar and soft tissue mobilisation,
knee flexion, stretching programme and use of
NMES and biofeedback as needed
Continue strengthening programme with
concentric and eccentric exercises
Progression of active knee extension as
tolerated.
Initiate CKC exercises (0–908). Mini-squats 0–
458, front lunges, step-ups, wall squats
Exercises that target the stability muscles of
the pelvic girdle
Balance and proprioception drills
Stationary bicycle (no or low resistance)
Use of pool for exercises and gait training
Progression of weigh bearing as tolerated.
Initiation of weight shifts
Gradually increase standing and walking
Cryotherapy

3–6 months Increase WB on the involved limb to the point
of comfort with the pressure sustained (caution
in ranges of motion that affect the autograft
site)
Full non-painful ROM
Restoration of normal muscular and
proprioceptive function (±80 % of
contralateral limb)
Increase functional activities

Continue strengthening exercises
Progression of OKC exercises (extension 0–
908)
Advance bilateral and unilateral CKC exercises
with emphasis on concentric/eccentric control
(0–908)
Initiate bilateral squats (0–608), unilateral step-
ups, forward lunges, walking programme on
treadmill
Continue progressing balance and
proprioception
Cardiovascular training (stationary bicycle,
swimming, treadmill, elliptical trainer,
stairmaster)
Increase walking (distance, cadence, incline,
etc.)

(continued)
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Table 10.4 (continued)

Evolution
period

Goals Treatment

6–10 months Gradual return to full unrestricted functional
activities
Advance in low-impact exercises
Recovery of correct run and sport-specific
skills

Continue previous programme progression
Progression of resistance and agility/balance
drills as tolerated
Initiate light plyometrics
Initiate low impact sport programmes,
emphasise sport-specific training (single-plane
activities such as running and agilities at low
speed, progressive multi-plane activities
Impact loading programme should be
individualised to the patient’s needs. The
authors recommend that patients do not return
to higher-impact sports at 8–10 m

10–18 months Provide patients with the performance
elements that are specific to their sport and
recreation
Return to team and competitions and prevent
the risk of re-injury

Increase impact and sport exercises
Coordination and straight-plane activities,
Eccentric loading, single-leg plyometrics, and
deceleration manoeuvres
Running with change of direction, backward
Sport-specific patterns simulating a match-
level intensity and duration
The authors recommend that patients do not
return to high-impact sports that involve
pivoting, cutting, and jumping until at least 10–
18 months after surgery

Patellar/trochlear lesion

0–6 weeks Partial WB with brace locked in full extension
Gradually increase ROM (0–908)
Regain muscular control

Knee immobiliser set at 08 extension
Initiate CPM ROM (0–408) 5–108 per day or
manual passive knee ROM as tolerated
immediately after surgery
Begin weight shifting exercises with knee in
extension
Avoid active knee extension
Cryotherapy, elevation, compression as needed

7–12 weeks No pain
Restoring full ROM (0–1208)
Gradually improve muscular and
proprioceptive function

Open brace 20–308 with ambulation
Initiate CKC exercises
Begin mini-squats 0–458, progressing to 0–908
as tolerated
Light OKC exercises

3–6 months Normalised gait pattern Progression of active knee extension: begin
resistance with 0–308 (minimal articulation)
and progress to deeper angles as tolerated (0–
908), do not progress to heavy resistance
During strength training, the angles at which
the patellofemoral-chondral defect is engaged
should be avoided for approximately 4–
6 months

The protocol for the remaining phases is the same as that for tibiofemoral lesions

WB weight bearing, CPM continuous passive motion, ROM range of motion, Q quadriceps, H hamstrings, NMES
neuromuscular electrical stimulation, OKC open kinetic chain, CKC close kinetic chain

100 H. De la Corte-Rodrı́guez et al.



Table 10.5 Rehabilitation following autologous chondrocyte implantation (ACI)

Evolution
period

Goals Treatment

Condylar/tibial lesion

0–8 weeks Non WB (protect healing tissue from load)
Resolution of pain and effusion
Gradually increase ROM (0–1208)
Regain muscular control

Brace locked at 08 (2–4 sem: gradually open
brace as quad control is gained)
Ankle pump using elastic tubing
Patellar, short tissues and scar mobilisation
Initiate CPM ROM (0–608) 5–108 per day or
manual passive knee ROM as tolerated
Stretch hamstrings and calf
Isometric co-contractions (Q/H)
Straight leg raises (4 directions)
Isometric and Isotonic contractions at a reduced
ROM
NMES and/or biofeedback during quadriceps
exercises
Active knee extension at a reduced ROM (OKC),
with no engagement of lesion in this ROM, no
resistance
Swimming pool from week 3
Cryotherapy, elevation, compression as needed

9–12 weeks No pain
Progress WB as tolerated (WB status varies based
on lesion location and size)
Restoring full ROM (0–1308)
Gradually improve muscular and proprioceptiv
function (±30 % of contralateral limb)
Recovery of normal gait

Discontinue use of brace
Continue patellar and soft tissue mobilisation
Progress knee flexion to 1308
Continue stretching programme and use of NMES
and biofeedback as needed
Continue strengthening programme with
concentric and eccentric exercises
Progression of bilateral OKC exercises (0–908)
Begin unilateral CKC exercises (10–12 sem).
Mini-squats 0–458, front lunges, step-ups, wall
squats
Exercises that target the stability muscles of the
pelvic girdle
Balance and proprioception drills
Stationary bicycle (low resistance)
Swimming for exercise and gait training
Begin WB as tolerated. Initiate weight shifts
Gradually increase standing and walking
Treadmill walking programme by weeks 10–12
Cryotherapy

3–6 months Increase WB on the involved extremity to the point
of comfort with the pressure sustained (caution in
ranges of motion that affect the implantation site)
Full non-painful active ROM
Restoration of normal muscular and proprioceptive
function (±80 % of contralateral limb)
Increase functional activities

Continue strengthening exercises
Advance bilateral and unilateral strengthening
exercises in OKC and CKC selecting a pain-free
ROM
Gradual concentric and eccentric activity of the Q
and H
Isokinetic exercises at high angular speed
Initiate bilateral squats (0–608), unilateral step-ups,
forward lunges, walking programme on treadmill
Continue progressing balance and proprioception
Cardiovascular training (stationary bicycle,
swimming, treadmill, elliptical trainer, stairmaster)
Increase walking (distance, cadence, incline, etc.)

(continued)
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10.5 Guidelines for Postoperative
Rehabilitation

The protocols proposed by the authors of this article
are based on their experience and on an extensive
review of the literature [5, 27, 32, 44, 47, 54, 69–73].

The said protocols provide specific guidelines
for postoperative rehabilitation from the three
most common surgical procedures for the treat-
ment of chondral lesions: microfractures, osteo-
chondral autograft transplantation and autologous
chondrocyte transplantation (Tables 10.3, 10.4
and 10.5).

Table 10.5 (continued)

Evolution
period

Goals Treatment

6–12 months Gradual return to full unrestricted functional
activities
Advance in low-impact exercises
Recovery of correct run and sport-specific skills

Continue previous programme progression
Progress lower extremity strength, flexibility and
balance drills as tolerated
Progress eccentric strengthening exercises
Impact loading programme should be
individualised to the patient’s needs
Initiate light plyometrics exercises
Initiate low-impact sport programs, emphasise
sport-specific training (single-plane activities as
running and agilities at low speed, multi-plane
activities progressively)

12–18 months Provide patients with the performance elements
that are specific to their sport and recreation
Return to team and competitions and prevent the
risk of re-injury

Increase impact and sport exercises
Coordination and straight-plane activities,
eccentric loading, single-leg plyometrics, and
deceleration manoeuvres
Running with change of direction and with
backward motion
Sport-specific patterns simulating match-level
intensity and duration
The authors recommend that patients do not return
to high-impact sports that involve pivoting,
cutting, and jumping until at least 12–18 months
after surgery

Patellar/trochlear lesion

0–6 weeks Partial WB with brace locked in full extension
Gradually increase ROM (0–908)
Regain muscular control

Brace locked in full extension.
Initiate CPM ROM (0–308) 5–108 per day or
manual passive knee ROM as tolerated.
Begin weight-shifting exercises with knee in
extension.
No active knee extension exercises for patello-
femoral lesions.
Cryotherapy, elevation, compression as needed.

7–12 weeks No pain
Restoring full ROM (0–1208)
Gradually improve muscular and proprioceptive
function

Begin to open brace 20–308 with ambulation.
Non-WB knee extension without resistance in a
ROM that does engage the patello-femoral-
chondral defect.
Isometric knee exercises.
Light open chain knee exercises.

3–6 months Normalised gait pattern Discontinue brace use after 6 weeks.
Progression of non-WB extension avoiding angles
where lesion engages.
During strength training, the angles at which the
patello-femoral-chondral defect is engaged should
be avoided for approximately 4–6 months.

The protocol for the remaining phases is the same as that for tibiofemoral lesions

WB weight bearing, CPM continuous passive motion, ROM range of motion, Q quadriceps, H hamstrings, NMES neuro-
muscular electrical stimulation, OKC open kinetic chain, CKC close kinetic chain
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There are important factors that may signifi-
cantly alter the contents of the therapeutic protocols
proposed, such as the presence of large, deep or
complex defects, particularly when the patient had
other concomitant lesions that have been repaired
(reconstruction of the anterior cruciate ligament,
meniscal repair, reconstruction of the patellar reti-
naculum, high tibial osteotomy, etc.) [54].

Another two surgical techniques are avail-
able, which were not mentioned in the foregoing
discussion: periosteal and perichondral grafting
(no longer used in clinical practice) and chon-
droplasty (involves a relatively straightforward
postoperative rehabilitation).

10.6 Conclusions

Given the anatomo-physiological characteristics
of articular cartilage, chondral lesions of the knee
are often evolutional. This means that their early
detection and appropriate management is key to
prevent the appearance of degenerative lesions and
their subsequent sequelae. From the point of view
of treatment, initial conservative therapy does not
always provide satisfactory results. Current surgi-
cal techniques, however, offer considerable hope
for the future. Rehabilitation should always be in-
dividualised for every patient, taking into account
the surgical technique used and any unexpected
events that may have occurred intraoperatively. In
this respect, appropriate communication and
cooperation between the surgeon and the rehabil-
itation team are paramount. The goal of treatment
is to achieve the best clinical result is as little time
as possible, observing a series of safety criteria in
order to guarantee that the involved cartilage has
been suitably repaired, thereby optimising the
results of surgery for chondral defects in the knee.
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11Medical Treatment: Intra-Articular
Injections of Hyaluronic Acid

E. Carlos Rodrı́guez-Merchán
and Hortensia De la Corte-Garcı́a

11.1 Introduction

Intra-articular injections (IAIs) of hyaluronic acid
(HA) could be effective in relieving joint pain and
improving function in chronic osteoarthritis (OA)
of the knee. However, controversy still exists
about its real efficacy. This review has four pur-
poses: Firstly to define available therapies for
knee OA, secondly to analyse the efficacy of IAIs
of HA in knee OA, thirdly to review another issues
related to the topic, and fourthly to review evi-
dence-based medicine (systematic review,
Cochrane Library) on the topic.

PubMed articles (MEDLINE) written in
English related to the efficacy of IAIs of HA in
knee OA and systematic reviews published by
the Cochrane Library were searched using the
following key words: efficacy, hyaluronic acid,
knee, from the years 2010 and 2011 (1 January

2010 to 31 December 2011). Twenty-six articles
on available therapies for knee OA, on the effi-
cacy of IAIs of HA in knee OA, and on other
issues related to the topic were found.

The available treatment options for knee OA
(physical therapy, medical therapeutics, steroid
injections, IAIs of HA, acupuncture, pulsed electri-
cal stimulation, and topical ointments) were com-
pared by Langworthy et al. to determine efficacy in
the treatment of pain and return of function in knee
OA [1]. They concluded that an early transition to
multimodal and concomitant therapy is the most
efficacious approach to decrease pain and improve
joint function in the osteoarthritic knee.

This review chapter aims to define the effi-
cacy of IAIs of HA in the treatment of knee OA.

11.2 The Efficacy of Hyaluronic Acid

In OA patients, concentration and molecular
weight of HA are reduced, diminishing elastovis-
cosity of the synovial fluid, joint lubrication and
shock absorbancy, and possibly anti-inflamma-
tory, analgesic and chondroprotective effects [2].
In recent literature there are data in favour of using
of IAIs of HA in knee OA and also data against it.

A phase III, double-blind (patient and observer
blinded) multicentre, randomised, non-inferiority
study was conducted by Pavelka and Uebelhart to
demonstrate the non-inferiority of the highly
purified intra-articular injection of hyaluronic
acid (Sinovial(�)) in comparison to Hylan G-F20
(Synvisc(�)) in the treatment of knee
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osteoarthritis [2]. The main conclusion was that
Sinovial(�) and Synvisc(�) treatments were
found to be equivalent, both in terms of efficacy
and safety.

11.2.1 Data in Favour of Hyaluronic
Acid

For pain relief in knee OA, a tailored approach
using non-pharmacological and pharmacological
therapies has been recommended by Gigante and
Callegari [3]. If adequate symptom relief is
not achieved with acetaminophen, other pharma-
cological options include non-steroidal anti-
inflammatory drugs (NSAIDs), topical analgesics,
intra-articular corticosteroids and IAIs of HA.
Most of these therapies generally did not improve
functional ability or quality of life or were asso-
ciated with tolerability concerns. In knee OA,
viscosupplementation with 3–5 weekly intra-
articular HA injections diminished pain and
improved disability, generally within 1 week and
for up to 3–6 months and was well tolerated [3].
HA had comparable efficacy as NSAIDs, with less
gastrointestinal adverse events, and compared with
intra-articular corticosteroids, benefits last gener-
ally longer. High molecular weight hylans pro-
vided comparable benefits versus HA, albeit with
an increased risk of immunogenic adverse events.
Viscosupplementation with IAIs of HA relieved
pain and improved function in OA of the knee.
Therefore, HA viscosupplementation seems to be a
valuable treatment approach for OA patients, if
other therapies are contraindicated or have failed.

Foti et al. investigated the safety and efficacy
of intra-articular HA in the treatment of synovial
joint OA [4]. The participants with OA received
intra-articular injections of the study treatment
(2 mL) once per week for 3 weeks. Efficacy
parameters included assessment of self-reported
pain via the Visual Analogue Scale (VAS), and
evaluation of motor function via the Health
Assessment Questionnaire (HAQ). Quality of life
(QoL) was assessed using the Euro QoL ques-
tionnaire. The adverse event (AE) rate was 0.8 %.
Statistically significant improvements in VAS,
HAQ and EuroQoL were recorded in multiple
joints. IAIs of HA were safe and well tolerated.

They also reduced pain, improved mobility, and
increased QoL in participants with knee OA.

In elderly patients with knee OA, IAIs of HA
have positive effects on pain, articular function,
range of motion, subjective global assessment
and reduction in NSAIDs consumption [5]. The
benefit was evident within 3 months and per-
sisted in the following 6–12 months.

A multicentre, randomised, patient and evalu-
ator-blinded, controlled study called OsteoArthri-
tis Modifying Effects of Long-term Intra-articular
Adant (AMELIA) was designed by Navarro-
Sarabia et al. to compare against placebo the effi-
cacy and safety of repeated injections of HA and
its effect on disease progression over 40 months
[6]. The results of AMELIA offered pioneer evi-
dence that repeated cycles of intra-articular injec-
tions of HA not only improve knee osteoarthritis
symptoms during the in-between cycle period but
also exert a marked carry-over effect for at least
1 year after the last cycle. In this respect, it was not
possible to establish if this carry-over effect
reflects true osteoarthritis remission or just a
modification of the disease’s natural course.

Altman et al. evaluated the safety of repeated
intra-articular (IA) injections of Euflexxa� (1 %
sodium hyaluronate; IA–BioHA) for painful
knee OA [7]. The main conclusion was that
repeat injections of IA–BioHA were effective,
safe, well tolerated, and not associated with an
increase in AEs, such as synovial effusions.

11.2.2 Data Against Hyaluronic Acid

Patients with unilateral OA of the knee were
evaluated by Lester and Zhang with a validated
and sensitive gait laboratory previously used for
knee OA [8]. The main conclusion of the study
was that HA therapy may result in a placebo
effect for the treatment of knee OA.

Curran reported that IAIs of HA were sig-
nificantly more effective than control injections,
according to an integrated longitudinal analysis
of pooled data from five randomised, double-
blind, vehicle-controlled, multicentre trials in
patients with osteoarthritis of the knee [9]. HA,
compared with the phosphate-buffered saline
control, significantly reduced the total

108 E. C. Rodrı́guez-Merchán and H. De la Corte-Garcı́a



Lesquésne Index score (LIS) in the post-injec-
tion period. Data from the individual trials
demonstrated that the reduction in the total LIS
was significantly greater than the control in two
of the five studies. An integrated analysis of the
five, well designed clinical trials demonstrated
no significant difference between the HA or
control groups in the incidence of adverse
events. The most common adverse events
reported in HA recipients were arthralgia,
arthropathy/arthrosis/arthritis, back pain, non-
specific pain, injection-site reaction, headache
and injection-site pain.

Jorgensen et al. examined the long-term effi-
cacy and safety of five IAIs with HA in knee OA
[10]. A multicentre, randomised, placebo-con-
trolled double-blind study of 337 patients fulfill-
ing the American College of Rheumatology
(ACR) criteria for knee osteoarthritis (clinical and
laboratory) and with a LIS of 10 or greater.
Patients received HA or saline intra-articularly
weekly for 5 weeks and were followed up to
1 year. Time to recurrence was the primary effi-
cacy parameter. The main conclusion was that in
patients fulfilling the ACR criteria for OA of the
knee with moderate to severe disease activity, five
IAIs of HA did not improve pain, function, para-
cetamol consumption or other efficacy parameters
3, 6, 9 and 12 months after the treatment.

11.2.3 Evidence-Based Medicine

Migliore et al. assessed the efficacy and safety
of viscosupplementation with HA in the man-
agement of joint pain in knee OA [11]. They
searched the following databases: Medline,
Database of Abstract on Reviews and Effec-
tiveness, Cochrane Database of Systematic
Reviews. Furthermore, the lists of references of
retrieved publications were manually checked
for additional references. The main conclusion
was that HA is a safe and effective treatment
for decreasing pain and improving function in
patients suffering from knee OA.

Bellamy et al. reported a systematic review the
effects of viscosupplementation in the treatment of
OA of the knee [12]. They concluded that visco-
supplementation is an effective treatment for OA of

the knee with beneficial effects: on pain, function
and patient global assessment; and at different post
injection periods but especially at the 5–13 week
post injection period. It is of note that the magnitude
of the clinical effect is different for different prod-
ucts, comparisons, timepoints, variables and trial
designs. However, there are few randomised head-
to-head comparisons of different viscosupplements
and readers should be cautious, therefore, in
drawing conclusions regarding the relative value of
different products. Overall, the aforementioned
analyses support the use of the HA class of products
in the treatment of knee OA.

According to McNeil et al. the use of intra-
articular hyaluronic acid preparations has been
limited by cost, difficulties of administration and
conflicting evidence of efficacy. Difficulties in
conducting adequate clinical trials have resulted
in the appearance of multiple meta-analyses
whose findings are not congruent [13].

11.3 Another Issues Related
to Hyaluronic Acid

In recent literature some other issues related to
HA have been found, such as: comparative
studies, the use of HA associated in combination
with another drugs, the role of molecular resur-
facing of cartilage with proteoglycan, and the
local application of HA gel after total knee
arthroplasty (TKA).

11.3.1 Comparative Studies

Huang et al. analysed and compared the effects
of two different molecular weight HAs on six
OA-related proteins expressed in fibroblast-like
synoviocytes from patients with tibial plateau
fracture [14]. The main conclusion was that in a
knee joint with an intra-articular fracture of the
tibial plateau high molecular weight HA may
have a better anti-inflammatory effect, whereas
low molecular weight HA has superior efficacy
for chondroprotection.

Shimizu et al. reported a prospective ran-
domised study comparing the efficacy of IAIs of
HA and corticosteroid (CS) injections based on
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clinical scores and levels of biochemical markers
for OA [15]. Patients with knee OA received IAIs
of either HA or CS and were followed for
6 months after treatment. Pain and inflammatory
scores were evaluated at the baseline, at 5 weeks,
and at 6 months. They also measured joint fluid
levels of hyaluronan, chondroitin 6-sulfate,
chondroitin 4-sulfate, matrix metalloproteinase
(MMP)-9, and tissue inhibitor of MMP (TIMP)-1
at the baseline and at 5 weeks. In both groups,
injection therapy significantly improved pain/
inflammation scores and visual analogue scale
scores with time. Hyaluronan levels were signif-
icantly increased after injection only in the HA
group; and the MMP-9 level decreased signifi-
cantly after injection only in the HA group. Other
marker levels did not differ significantly between
groups. The results of this prospective random-
ised study suggested that the clinical effects of
HA and CS as local therapies for OA are com-
parable and that both drugs are useful. Consid-
ering the results of the measurement of
biomarkers, compared with CS, HA injection
therapy may have protective effects on the artic-
ular cartilage by increasing the hyaluronan con-
centration in synovial fluid, as well as inhibitory
effects on the catabolism of articular cartilage by
reducing the MMP-9 concentration.

Vanelli et al. reported a randomised, double-
blind clinical trial to assess the efficacy and safety
profile of intra-articular polynucleotides gel
injections in the treatment of knee OA associated
with persistent knee pain [16]. Patients were
enrolled and randomized to receive intra-articular
polynucleotides or HA; patients received five
weekly intra-articular knee injections and the
follow-up period was 3 months after the end of
treatment. The results suggested that intra-artic-
ular polynucleotides can be a valid alternative to
traditional HA supplementation for the treatment
of knee OA.

Kon et al. compared the efficacy of platelet-
rich plasma (PRP) and viscosupplementation
[hyaluronic acid (HA)] intra-articular injections
for the treatment of knee cartilage degenerative
lesions and osteoarthritis (OA) [17]. Autologous

PRP injections showed more and longer efficacy
than HA injections in reducing pain and symp-
toms and recovering articular function. Better
results were achieved in younger and more
active patients with a low degree of cartilage
degeneration, whereas a worse outcome was
obtained in more degenerated joints and in older
patients, in whom results similar to those of
viscosupplementation have been observed.

11.3.2 Hyaluronic Acid Associated
with Other Drugs

Homma et al. reported that a conjugate of HA
and methotrexate (MTX) could be a prototype
for future osteoarthritis drugs having the efficacy
of the two clinically validated agents but with a
reduced risk of the systemic side effects of MTX
by using HA as the drug delivery carrier [18]. To
identify a clinical candidate, they attempted
optimisation of a lead, conjugate 1. Initially, in
fragmentation experiments with cathepsins, they
optimized the peptide part of HA-MTX conju-
gates to be simpler and more susceptible to
enzymatic cleavage. Then they optimised the
peptide, the linker, the molecular weight, and the
binding ratio of the MTX of the conjugates to
inhibit proliferation of human fibroblast-like
synoviocytes in vitro and knee swelling in rat
antigen-induced monoarthritis in vivo. Conse-
quently, they found conjugate 30 (DK226) to be
a candidate drug for the treatment of OA.

Lee et al. evaluated the efficacy of intra-articu-
lar ketorolac to improve intra-articular HA therapy
in knee OA with respect to the initiation of pain
relief [19]. Their study was designed as a single-
blind study with a blinded observer and a 3-month
follow-up. Patients with knee OA were random-
ised to the ketorolac group or the HA group. Ket-
orolac group members were given three weekly
IAIs of HA with ketorolac and then two weekly
IAIs of HA; and HA group members were given
five weekly intra-articular HA injections. Intra-
articular HA with ketorolac showed more rapid
analgesic onset than intra-articular HA alone and
did not induce any serious complications.
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11.3.3 Molecular Resurfacing
of Cartilage with Proteoglycan

Early loss of proteoglycan 4 (PRG4), a lubri-
cating glycoprotein implicated in boundary
lubrication, from the cartilage surface has been
associated with degeneration of cartilage and
early onset of OA. Viscosupplementation with
HA and other macromolecules has been
proposed as a treatment of osteoarthritis. How-
ever, the efficacy of viscosupplementation is
variable and may be influenced by the short
residence time of lubricant in the knee joint after
injection. The use of aldehyde (CHO) can
modify extracellular matrix proteins for targeted
adherence to a biological tissue surface. It was
hypothesised by Chawla et al. that CHO could
be exploited to enhance the binding of lubri-
cating proteoglycans to the surface of PRG4-
depleted cartilage [20]. They determined the
feasibility of molecular resurfacing of cartilage
with CHO-modified PRG4. PRG4 was chemi-
cally functionalized with aldehyde (PRG4-CHO)
and aldehyde plus Oregon Green (OG) fluoro-
phore (PRG4-OG-CHO) to allow for differenti-
ation of endogenous and exogenous PRG4.
Cartilage disks depleted of native PRG4 were
then treated with solutions of PRG4, PRG4-
CHO, or PRG4-OG-CHO and then assayed for
the presence of PRG4 by immunohistochemis-
try, ELISA, and fluorescence imaging. Repletion
of cartilage surfaces was significantly enhanced
with the inclusion of CHO compared with
repletion with unmodified PRG4. The findings
of this study suggested a generalized approach
which may be used for molecular resurfacing of
tissue surfaces with PRG4 and other lubricating
biomolecules, perhaps leading in the future to a
convenient method for overcoming loss of
lubrication during the early stages of knee OA.

11.3.4 Gel of Hyaluronic Acid After
Total Knee Arthroplasty

Kong et al. evaluated the clinical efficacy and
safety of a mixed solution of HA and sodium

carboxymethylcellulose (HA/CMC) gel on the
early postoperative range of motion and pain relief
after TKA [21]. Patients who underwent bilateral
TKA as a single-stage procedure for primary
osteoarthritis were included in the study. At the
completion of surgery, among both knees, the HA/
CMC gel was applied to one knee (the HA/CMC
group) and HA/CMC gel was not applied to the
other knee (the control group). The primary out-
come measure was the early assessment of range of
motion and the secondary outcome measures were
the VAS pain scores and the number of compli-
cations in each group. Periarticular application of
HA/CMC gel was safe without causing any wound
problems or infection. However, local application
of HA/CMC gel neither increased the range of
motion nor reduced the pain during the early
postoperative period of TKA.

Anterior cruciate ligament (ACL) and meniscal
injuries are common in both athletes and the general
population. Such injuries may lead to early-onset
post-traumatic OA in 50–60 % of patients, regard-
less of whether patients had reconstruction per-
formed [22]. In younger patients, IAIs of HA may be
useful for improving short-term outcomes and
possibly slowing or arresting the progression of OA.
HA has anti-inflammatory, anabolic, and chondro-
protective effects, which have been demonstrated in
in vitro and animal models of meniscal and ACL
injury. Results from several clinical trials and
patient series have demonstrated the benefit of intra-
articular HA injection in younger patients with acute
knee damage, including symptomatic meniscal
tears and isolated ACL injury with chondral injury,
although evidence for this is less extensive than the
large database supporting the use of intra-articular
HA injection in older patients with knee OA.
Administration of HA has been shown to improve
outcomes in patients undergoing knee arthroscopy,
and intra-articular HA also has direct antinocicep-
tive effects that may contribute to its benefit in
patients with patellofemoral pain. However, the use
of intra-articular HA in patients with ACL injury or
early OA has been evaluated in only a few studies.
Thus, there is a need for larger-scale randomised
controlled trials with longer durations of follow-up

11 Medical Treatment: Intra-Articular Injections of Hyaluronic Acid 111



to provide more definitive evaluation of the efficacy
and safety of IA HA in these patients. Such studies
provide an opportunity to further elucidate the
benefits of intra-articular HA in younger patients
with knee damage and may result in appropriate
expansion of use in this large population, which has
a substantial need for new treatment alternatives.

11.4 Discussion

IAIs of HA are commonly used for the treatment
of knee OA. This review has tried to answer four
questions: (1) The available therapies for knee
OA; (2) The efficacy of IAIs of HA in the
treatment of knee OA; (3) Studies that compared
HA with other drugs, as well as other issues
related to the use of HA in knee OA. (4) Evi-
dence-based studies (systematic reviews from
the Cochrane Library).

The current therapeutic approaches (analge-
sics, NSAIDs, COX-2 inhibitors, steroids) do not
delay the OA progression or reverse joint damage.
Moreover, they may cause relevant systemic side
effects. HA is a physiologic component of the
synovial fluid and is reduced in OA joints.
Therefore, IAIs of HA, due to its viscoelastic
properties and protective effect on articular car-
tilage and soft tissue surfaces of joints, could
restore the normal articular homeostasis.

Regarding the efficacy of IAIs of HA on knee
OA, there are data in favour [3–6] but also data
against their use [8, 9, 12]. For some authors HA
viscosupplementation with HA is a valuable
treatment approach for OA patients [3–5, 11].
However, other authors state that HA does not
improve pain, function, paracetamol consump-
tion or other efficacy parameters 3, 6, 9 and
12 months after the treatment.

In a knee joint with an intra-articular fracture
of the tibial plateau high molecular weight HA
may have a better anti-inflammatory effect,
whereas low molecular weight HA has superior
efficacy for chondroprotection [14]. Compared
with CS HA injection therapy may have pro-
tective effects on the articular cartilage by
increasing the hyaluronan concentration in
synovial fluid, as well as inhibitory effects on the

catabolism of articular cartilage by reducing the
MMP-9 concentration [15]. Intra-articular poly-
nucleotides can be a valid alternative to tradi-
tional HA supplementation for the treatment of
knee OA [16].

A conjugate of HA and methotrexate seems
to be a candidate drug for the treatment of knee
OA [18]. Intra-articular HA with ketorolac
shows more rapid analgesic onset than intra-
articular HA alone [19]. Molecular resurfacing
of tissue surfaces with PRG4 and other lubri-
cating biomolecules could lead in the future to a
convenient method for overcoming loss of
lubrication during the early stages of OA [20].

Local application of a mixed solution of HA
and sodium carboxymethylcellulose (HA/CMC)
gel neither increased the range of motion nor
reduced the pain during the early postoperative
period of TKA [21]. In younger patients, IAIs of
HA may be useful for improving short-term
outcomes and possibly slowing or arresting the
progression of OA. HA has anti-inflammatory,
anabolic, and chondroprotective effects, which
have been demonstrated in vitro and animal
models of meniscal and ACL injury [22].

Unfortunately, recent literature (2010–2011)
neither clarifies whether IAIs of HA are efficient
in the treatment of knee OA nor defines some of
the other issues revised. Future studies should
define the efficacy of HA. As a general rule, it is
accepted that HA is a safe treatment that could
decrease pain in patients suffering from knee
OA. Viscosupplementation, with different HA
preparations can be considered when the patient
has not found pain relief from other therapies or
is intolerant to analgesics or NSAIDs. A 3–5
doses regimen is usually recommended with
1 week interval between each injection.

To evaluate the efficacy, effectiveness and
safety of HA products, in knee OA, Bellamy et al.
conducted a systematic review using Cochrane
methodology [12]. Their analysis supported the
contention that the HA class of products is supe-
rior to placebo. There was considerable between-
product, between-variable and time-dependent
variability in the clinical response. The clinical
effect for some products against placebo on some
variables at some time points was in the moderate
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to large effect size range. In general, sample size
restrictions preclude any definitive comment on
the safety of the HA class of products, however,
within the constraints of the trial designs
employed, no major safety issues were detected.
The analysis supported the use of the HA class of
products in the treatment of knee OA.

11.5 Conclusions

Intra-articular injections (IAIs) of hyaluronic acid
(HA) are commonly used for the treatment of knee
osteoarthritis (OA). This review aimed to define
the efficacy of IAIs of HA in the treatment of knee
OA. A PubMed (MEDLINE) search of the years
2010 and 2011 (1 January 2010 to 31 December
2011) was performed using three key words: effi-
cacy, HA and knee. The number of initial articles in
English language that were identified was 26. Four
of them were eliminated because they were
focused on other joints (not the knee). The
remaining 22 articles were then selected for this
review. Some articles were in favour and some
were against the efficacy of IAIs of HA for knee
OA; some papers compared the efficacy of HA and
other drugs; finally, a number of articles were
focused on other issues related to the use of HA in
knee OA. In conclusion, evidence-based medicine
(systematic review, Cochrane Library) seems to
support the use of the HA in the treatment of knee
OA. IAIs of HA can be considered when the patient
has not found pain relief from other therapies.
A 3–5 doses regimen is usually recommended with
1 week interval between each injection. However,
difficulties in conducting adequate clinical trials
have resulted in the appearance of multiple meta-
analyses whose findings are not congruent.
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