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Chapter

Reconstruction with Joint
Preservation

Lourengo Galizia Heitzmann

Abstract

The joint injury is a common disorder. Some techniques have been employed to
repair the joint or regenerate the cartilage defects with different degrees of success.
Four commonly performed techniques to preserve the joint included osteotomies,
bone marrow stimulation, cartilage repair, and cartilage regeneration.

Keywords: cartilage, articular/injuries, cartilage, articular/surgery,
chondrocytes/transplantation, periosteum/transplantation, treatment outcome

1. Introduction

Musculoskeletal injuries that disrupt the structure and function of diarthrodial
joints can cause permanent biomechanical alterations and lead to a more severe,
chronic condition. Despite advancements that have been made of restore tissue
function and delay the need for joint replacement, there are currently no disease-
modifying therapies for osteoarthritis (OA). To reduce the risk of OA, innovative
preventive medicine approaches have been developed over the last decade to treat
the underlying pathology.

The lesions of the articular cartilage are a common disorder that with the aging
of the population its prevalence is increasing. More than 500,000 procedures are
performed for the treatment of articular cartilage-related injuries, and many of
these procedures are repeated in the same patients. This demonstrates the ineffec-
tiveness of this isolated procedure [1].

Hunter [2] noted that the cartilage, “once destroyed, is not repaired.” Fact that
keeps current. Some studies have shown an incidence of cartilage lesions greater
than 65% in routine arthroscopy [3-6]. No procedure nowadays is reliable for the
regeneration of articular cartilage. This is due to the complexity of its structure
and functional properties, such as minimizing friction and increasing the contact
surface area to decrease wear under load.

Cartilage lesions (9 mm or greater) have been reported to be biomechanically
unstable with a high propensity of progression to degenerative osteoarthritis [7, 8].
The main characteristics of the clinical presentation are pain, loss of movement,
and alteration of function. Various surgical procedure options can be used for treat-
ment; this will depend on the location, size, and stage [9, 10].

Articular cartilage is composed of chondrocytes (5-10%), water (65-80%), col-
lagen, smaller glycoproteins such as fibronectin and oligomeric cartilage proteins,
and large negatively charged hydrophilic proteoglycans (aggrecan, hyaluronan).

Four distinct zones are described microscopically.
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The superficial zone protects the deeper layers of shear stresses and composes
approximately 10-20% of the thickness of the articular cartilage. The main collagen
fibers found are type II and IX with a high number of flat chondrocytes. It is the layer
that protects and maintains the integrity of the deeper layers, is in direct contact with
the synovial fluid, and is responsible for most of the traction properties of the cartilage,
which allows it to resist the pure, elastic, and compressive forces imposed by the joint.

The intermediate (transitional) zone provides an anatomic and functional
bridge between the superficial and deep zones, accounts for 40-60% of the total
cartilage volume, and contains thicker collagen proteoglycans and fibrils. Collagen
is organized obliquely, and the chondrocytes are spherical and low density. The
compressive forces mainly exhibit resistance.

The deep zone is responsible for providing greater resistance to the compressive
forces, since the collagen fibrils are arranged perpendicular to the articular surface.
The deep zone contains collagen fibrils of larger diameter in radial arrangement,
higher content of proteoglycans, and lower concentration of water. Chondrocytes are
typically arranged in columnar orientation, parallel to collagen fibers, and perpendicu-
lar to the joint line. It represents approximately 30% of the articular cartilage volume.

The calcified layer plays an integral role in the attachment of the cartilage to the
bone, anchoring the collagen fibers from the deep zone to the subchondral bone.
There are few cells and the chondrocytes are hypertrophic [9, 11-13].

Several factors are part of the etiology of the chondral or osteochondral lesion;
among them are metabolic, such as obesity, alcohol abuse, and diabetes, as well as
mechanical factors such as trauma, joint misalignment, and instability [12, 13].

Osteochondral lesions heal by formation of fibrocartilage secondary to the
initial inflammatory response. Although mesenchymal cells produce collagen type
I'and II, the repair is mostly fibrocartilaginous in nature. The orderly structural
organization of normal hyaline cartilage is lacking and results in early degradation
and fragmentation. However, pure chondral lesions are painless and poorly repaired
due to lack of vascularity [9, 14].

Surgical and nonoperative procedures are employed in the treatment of cartilage
lesions. The main objective goal is to reduce pain and restore function. Nonsurgical
treatments include physical therapy, activity modification, braces and orthoses,
weight loss, steroid injections, chondroitin sulfate, and viscosupplementation with
hyaluronic preparations [15-20]. The operative treatment aims to improve joint func-
tion and congruence as well as prevent osteoarthritic damage in intact areas of car-
tilage. It may be divided into three techniques commonly performed to preserve the
joint including bone marrow stimulation, cartilage repair, and cartilage regeneration.

2. Bone marrow stimulation (BMS) techniques
2.1 Drilling/microfracture/abrasion techniques

Burmann in 1931, Haggart in 1940, and Magnuson in 1941 described joint
debridement techniques for the treatment of osteoarthritis. Pridie in 1958 intro-
duced the technique of perforation of the subchondral tissue exposing the vascu-
larization of bone marrow, and later Ficat in 1979 described the spongialization, a
resection of the entire subchondral bone plate chondromalacia patellae, with good
to excellent results. Steadman suggested that specially designed awls are used to
make multiple perforations or “microfractures,” into the subchondral bone plate
[21-30]. The perforations are made as close together as necessary, but not so close
that one breaks into another. Consequently, the microfracture holes are approxi-
mately 3-4 mm apart (or three to four holes per square centimeter) [31, 32].
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Chondroplasty by abrasion depends on the mechanical stimulation, like burrs,
of the joint defect, without penetration of the subchondral bone. Exposure of small
blood vessels generates formation in a clot attached to the surface. Fibrous tissue
metaplasia occurs for fibrocartilage.

Multiple perforations have the benefit of causing less thermal damage than
chondroplasty by abrasion and also leave the subchondral surface more rugged,
allowing better adhesion of the blood clots. The penetration of the subchondral
bone stimulates the local release of growth factors from the underlying bone. These
factors attract and aid the differentiation of mesenchymal stem cells from the bone
marrow in chondrocyte-like cells [33, 34].

Patients require a period of 6-8 weeks of non-weight-bearing to allow matura-
tion of the fibrocartilage. Also, according to some authors, continuous passive
motion for pain control and better function may be necessary [35].

For better results, some important factors include a body mass index below
30 kg/ m?, age under 40 years, defect less than 4 cm?, volume of repaired cartilage
(defective filling) greater than 66%, and symptoms less than 12 months [35].

The repair tissue may be able to fill the defect, but it lacks the normal histological
or biomechanical properties of hyaline cartilage. Therefore, it has a stability inferior
to the compressive and shear forces and tends to deteriorate with the time [35-39].

However, in their 2017 study, Frehner et al. concluded that treatment of osteo-
chondral lesion by microfracture cannot be seen as an evidence-based procedure [39].

3. Cartilage replacement techniques
3.1 Chondrocyte autograft transfer and mosaicplasty

The description of the technique using osteochondral autografts for the treat-
ment of joint defects was firstly studied by Pap and Krompecher [40]. Later,
Wagner and Muller in Germany used the posterior part of the femoral condyle as an
osteochondral autograft [41, 42]. Motions came in the 1990s by Matsusue in Japan
and Hangody and colleagues in Hungary [43, 44].

The osteochondral plugs are harvested from non-weight-bearing areas and
are transplanted into a small osteochondral defect. A larger lesion is filled in with
multiple cylinders; it is also possible to transfer the posterior femoral condyle.
Due to multiple cylinders, the gaps between the plugs produce an irregular
articular surface.

The main indications for mosaicplasty include the chondral or focal osteochon-
dral lesion in a stable knee, with lesions smaller than 22 mm in diameter and no
more than 10 mm in depth.

The main benefits of this technique are that it is a single-stage procedure and
there is rapid subchondral bone healing with restoration of native type II hyaline
cartilage at the articular surface.

In a series by Hangody et al. with 57 patients and follow-up of more than 3 years,
reported 91% good to excellent results with a mosaicplasty [45]. Gudasetal. ina
prospective randomized study showed better clinical-functional and MRI results
after 3 years for osteochondral transplants than for microfracture surgery [46].

Most of the studies showed good to excellent results in the short and long term,
with a greater return to athletic activity when compared to microfracture [47-54].

Major complications of the osteochondral graft include donor site morbidity
such as patellofemoral arthritis, fibrocartilage hypertrophy of the donor area,
and unsatisfactory filling of the cartilage defect (especially with grafts > 8 mm in
diameter) [49, 52, 54-56].
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3.2 Osteoperiosteal graft

Another option we have for the treatment of osteochondral lesions is the
mosaicplasty technique with bone-periosteum graft of the iliac crest. Its two
advantages compared to the conventional technique include the absence of
joint morbidity from the donor site defect [54] and that the periosteum (with
its pluripotent stem cells) has the potential to differentiate into fibrocartilage
[56-63].

3.2.1 Reconstruction with periosteal-cortical graft of the tibial lateral plateau:
clinical outcome with an 18-month follow-up case

A 63-year-old woman presented with a bicondylar fracture of the right tibial
plateau with extension to the diaphysis. She underwent surgical treatment 40 days
after the fracture. It presented great destruction of the lateral articular surface,
being reconstructed with the use of periosteal cortical graft of the external iliac
board, suture of lateral meniscus, and reinsertion. Fixation of the graft with
Kirschner wire and cortical screw is associated with lateral support plate and medial
locked plate (Figures 1-4).

3.2.2 Cartilage vegeneration techniques
3.2.2.1 Osteochondral allograft case 1

A 45-year-old male presented to us with 1 year of posteromedial right ankle
pain. He reported pain related to physical activities, with a history of previous
trauma, swelling of the joint, no feeling of instability, or joint blockage. Physical
examination showed diffuse tenderness of the joint during maximal flexion and
areas sensitive to touch in the medial tibiotalar joint line with negative ankle stabil-
ity test (Figures 5 and 6).

The patient did not show good evolution with nonoperative treatment; a mosa-
icplasty with medial malleolus osteotomy was indicated (Figures 7-11).

The patient progressed well and returned the physical activities, including run-
ning without pain in the 6 month postoperatively.

Figure 1.
Image arrival to the service.
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Figure 2.
Immediate postoperative.

Figure 3.
An 18th month of evolution.

Figure 4.
Final vesult.
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Figure 5.
Osteochondral lesion with cystic formation in the domus talar medialis measuring 1.0 x 0.7 x 0.7 cm,
survounded by avea of bone edema. Stage V by Berndt ¢ Harty.

Figure 6.
Osteochondral lesion contained in zone 7 of Raikin.

Figure 7.
A osteochondral lesion on the talar medial shoulder after osteotomy of the medial malleolus.
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Figure 8.
Intraoperative image of cartilage defect removal.

Figure 9.
Removal of the cylinder from the lateral superior vegion of the femoral trochlea (donor area,).

Figure 10.
Osteochondral cylinders inserted perpendicularly to the receiving surface.
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Figure 11.
Postoperative radiography.

4. Cartilage regeneration techniques
4.1 Autologous chondrocyte implantation (ACI)

The technique initially described by Brittberg in 1994 nowadays is the most
used for cartilage regeneration [60]. ACI is a two-stage procedure; arthroscopy is
initially performed to evaluate the lesion, and three to four CA chondral biopsies
are taken from non-weight-bearing surfaces of the joint (intercondylar notch,
peripheral edges of the femoral condyles). The sample is then sent to the labora-
tory, where chondrocytes are isolated with an enzymatic process. The chondrocytes
are then cultured for 3-4 weeks until the volume increases by 30 times for implan-
tation (12 million chondrocytes approx.). Usually, after 6 weeks of the initial
surgery, the second procedure is performed [59-66].

4.1.1 First generation

Access with medial or lateral patellar arthrotomy is performed in association
with defect debridement. A periosteal flap is removed from the proximal region
of the tibia or medial femoral condyle. The flap is then attached to the defect
(with its cambium layer facing the bone) on all sides, except at the top. The
cultured chondrocytes are then injected under the flap, and, finally, the flap is
then attached superiorly as well. The fibrin glue can be used to seal the edges of
the flap [60].
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4.1.2 Second generation

Due to complications arising from calcifications, the periosteum was replaced by
areabsorbable collagen membrane [66].

4.1.3 Third generation

The modification is the cultivation of the articular cells directly on a surface of a
membrane-like MACI or cells grown within a scaffold [67].

4.1.4 Surgical technique

This procedure is a two-stage technique in which an arthroscopic approach is
performed to evaluate the lesion and second used to harvest a sample of normal
articular cartilage from a non-weight-bearing region of the knee. Chondrocytes
are then isolated, cultured, and seeded onto a hyaluronan-based scaffold or
collagen. The chondrocytes are then cultured for 3—4 weeks until the volume
increases by 30 times for implantation, the second stage of the procedure
arthrotomy to implant the scaffold in the lesion site. The chondral defect is
prepared and is then used to shape the scaffold, which is pressed into the lesion
site and secured with a thin layer of fibrin glue. The graft is assessed for stability
before the wound is closed.

The best postoperative rehabilitation protocols are those of 6 weeks, starting the
first 2 weeks with a partial load of 20% of body weight, followed by a progressive
increase to a full load at 6 weeks postoperatively [67-73].

5. Conclusion

The articulations in their particularities refine the movement and enable a series
of domains and skills of great importance for the development of human activities.

Thus, there is a growing interest in achieving more promising techniques in joint
maintenance through cartilage repair. Some more modern techniques, involving the
development and application of stem cells or the use of vectors to carry chondro-
cytes to the target lesion, still lack more consistent evidence in the long term that
can justify their costs. Techniques that employ older, established concepts, such as
microfracture and abrasion arthroplasties, are more accessible but fail to maintain
their initial results over the years.

In this way, the development of a less invasive technique, aimed at preserv-
ing joint functions and minimizing symptoms, with sustainable durability and
feasible cost, continues to guide the search for innovations in the arid terrain of
joint preservation.

Conflict of interest
The author declares that have no competing interests.
Acronyms and abbreviations

OA osteoarthritis
ACI autologous chondrocyte implantation



Cartilage Tissue Engineering and Regeneration Techniques

Author details

Lourenco Galizia Heitzmann

Group of Orthopedics and Traumatology of the State Public Hospital of Sao Paulo,
IAMSPE Institution(s), Sao Paulo, Brazil

*Address all correspondence to: lourenco@heitzmann.com.br

IntechOpen

© 2019 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium,

provided the original work is properly cited.

10



Reconstruction with Joint Preservation

DOI: http://dx.doi.org/10.5772/intechopen.84354

References

[1] Hootman JM, Helmick CG. Projections

of US prevalence of arthritis and
associated activity limitations. Arthritis
and Rheumatism. 2006;54(1):226-229.
DOI: 10.1002/art.21562

[2] Hunter W. Of the structure and
disease of articulating cartilages.
Philosophical Transactions of the Royal
Society of London. 1743;42B:514-521

[3] Haasper C, Zeichen ], Meister R,
Krettek C, Jagodzinski M. Tissue

engineering of osteochondral constructs

in vitro using bioreactors. Injury.
2008;39(1):66-76

[4] Hjelle K, Solheim E, Strand T, Muri
R, Brittberg M. Articular cartilage
defects in 1,000 knee arthroscopies.
Arthroscopy. 2002;18(7):730-734

[5] Aroen A, Loken A, Heir S, et al.
Articular cartilage lesions in 993
consecutive knee arthroscopies. The

American Journal of Sports Medicine.
2004;32(1):211-215

[6] Shah MR, Kaplan KM, Meislin R],
Bosco JA. Articular cartilage
restoration of the knee. Bulletin of
the NYU Hospital for Joint Diseases.
2007;65(1):51-60

[7] Guettler JH, Demetropooulos C,
Yang K, et al. Osteochondral defects

in the human knee: Influence of defect
size on cartilage rim stress and load
redistribution to surrounding cartilage.
The American Journal of Sports
Medicine. 2004;32:1451-1458

[8] Shelbourne KD, Jari S, Gray T.
Outcome of untreated traumatic
articular cartilage defects of the knee:
A natural history study. The Journal
of Bone and Joint Surgery. American
Volume. 2003;85:8-16

[9] Mankin H]J. The response of articular
cartilage to mechanical injury. The

11

Journal of Bone and Joint Surgery.
American Volume. 1982;64:460-466

[10] Camp CL, Stuart MJ, Krych AJ.
Current concepts of articular cartilage
restoration techniques in the knee.
Sports Health. 2014;6:265-273

[11] Sahlstrom A, Johnell O, Redlund-
Johnell I. The natural course of arthrosis
of the knee. Clinical Orthopaedics and
Related Research. 1997;340:152-157

[12] Huber M, Trattnig S, Lintner F.
Anatomy, bio-chemistry, and physiology
of articular cartilage. Investigative
Radiology. 2000;35(10):573-580

[13] Zhou S, Cui Z, Urban JP. Factors
influencing the oxygen concentration
gradient from the synovial surface

of articular cartilage to the
cartilage-bone interface: A modeling
study. Arthritis and Rheumatism.
2004;50(12):3915-3924

[14] Gardner OF, Archer CW, Alini M,
Stoddart MJ. Chondrogenesis of
mesenchymal stem cells for cartilage

tissue engineering. Histology and
Histopathology. 2013;28(1):23-42

[15] Leeb BF, Schweitzer H, Montag K,
Smolen JS. A metaanalysis of
chondroitin sulfate in the treatment of

osteoarthritis. Journal of Rheumatology.
2000;27(1):205-211

[16] Sawitzke A, Shi H, Finco M,

et al. Clinical efficacy and safety of
glucosamine, chondroitin sulphate,
their combination, celecoxib or placebo
taken to treat osteoarthritis of the knee:
2-year results from GAIT. Annals of the
Rheumatic Diseases. 2010;69:1459-1464

[17] Duivenvoorden T, Brouwer RW, van
Raaij TM, Verhagen AP, Verhaar JAN,
Bierma-Zeinstra SMA. Braces and
orthoses for treating osteoarthritis

of the knee. Cochrane Database of



Cartilage Tissue Engineering and Regeneration Techniques

Systematic Reviews. 2015;3:CD004020.
DOI: 10.1002/14651858.CD004020.pub3

[18] Bartels E, Bliddal H, Schondorff P,
Altman R, Zhang W, Christensen R.
Symptomatic efficacy and safety

of diacerein in the treatment of
osteoarthritis: A meta-analysis of
randomized placebo-controlled

trials. Osteoarthritis and Cartilage.
2010;18:289-296

[19] Altman RD, Bedi A, Karlsson J,
Sancheti P, Schemitsch E. Product
differences in intra-articular hyaluronic
acids for osteoarthritis of the knee. The

American Journal of Sports Medicine.
2016;44(8):2158-2165

[20] Steinmeyer ], Konttinen Y. Oral
treatment options for degenerative joint
disease-presence and future. Advanced
Drug Delivery Reviews. 2006;58:168-211

[21] Richter DL, Schenck R, Wascher D,
et al. Knee articular cartilage repair
and restoration techniques: A review
of the literature. Sports Health.
2016;8(2):153-160

[22] Insall J. The Pridie debridement
operation for osteoarthritis of the knee.
Clinical Orthopaedics and Related
Research. 1974;(101):61-67

[23] Johnson LL. Arthroscopic
abrasion arthroplasty historical

and pathologic perspective: Present
status. Arthroscopy. 1986;2:54-69.
Available form: http://jbjs.org/public/
instructionsauthors.aspx

[24] Ficat RP, Ficat C, Gedeon P,
Toussaint JB. Spongialization: A new
treatment for diseased patellae. Clinical
Orthopaedics and Related Research.
1979;(144):74-83

[25] Frisbie DD, Trotter GW, Powers BE,
Rodkey WG, Steadman JR, Howard RD,
et al. Arthroscopic subchondral

bone plate micro-fracture technique
augments healing of large chondral

12

defects in the radial carpal bone and
medial femoral condyle of horses.
Veterinary Surgery. 1999;28:242-255

[26] Burman MS, Finkelstein H, Mayer
L. Arthroscopy of the knee joint.

Journal of Bone and Joint Surgery.
1934;16A:255-268

[27] Magnuson PB. Joint debridement.
Surgical treatment of degenerative
arthritis. Surgery, Gynecology &
Obstetrics. 1941;73:1-9

[28] Pridie KH. A method of resurfacing
osteoarthritic knee joints. The Journal

of Bone and Joint Surgery. American
Volume. 1959;41-B:618-619

[29] Johnson LL. Diagnostic and Surgical
Arthroscopy. MO, USA: CV Mosby;
1980

[30] Steadman RJ, Rodkey WG,
Singleton SB, Briggs KK. Microfracture
technique for full thickness chondral
defects: Technique and clinical results.
Operative Techniques in Orthopaedics.

1997;7:300-305

[31] Akizuki S, Yasukawa Y, Takizawa T.
Does arthroscopic abrasion arthroplasty
promote cartilage regeneration in
osteoarthritic knees with eburnation?

A prospective study of high tibial
osteotomy with abrasion arthroplasty
versus high tibial osteotomy alone.
Arthroscopy. 1997;13:9-17

[32] Steadman JR, Rodkey WG, Briggs
KK, Rodrigo JJ. The microfracture
technic in the management of complete

cartilage defects in the knee joint. Der
Orthopade. 1999;28(1):26-32, German

[33] Suh JK, Scherping S, Marui T,
Steadman JR, Woo S-LY. Basic science
of articular cartilage injury and

repair. In: Sledge SL, editor. Operative
Techniques in Sports Medicine.
Management of Osteochondral Injuries.
Philadelphia: WB Saunders Company;
1995. pp. 78-86



Reconstruction with Joint Preservation
DOI: http://dx.doi.org/10.5772/intechopen.84354

[34] Salisbury RB, Mc Mahon MR. Joint
debridement and abrasion arthroplasty
for degenerative joint disease of the
knee joint. In: Parisien SJ, editor.
Current Techniques in Arthroscopy.
Philadelphia: Current Medicine; 1994.
pp. 147-167

[35] Steadman JR, Rodkey WG,

Briggs KK. Microfracture to treat
full-thickness chondral defects:
Surgical technique, rehabilitation, and

outcomes. The Journal of Knee Surgery.
2002;15:170-176

[36] Kreuz PC, Erggelet C, Steinwachs
MR, Krause SJ, Lahm A, Niemeyer P,
et al. Is microfracture of chondral
defects in the knee associated with
different results in patients aged

40 years or younger? Arthroscopy.
2006;22(11):1180-1186

[37] Mithoefer K, McAdams T, Williams
RJ, Kreuz PC, Mandelbaum BR. Clinical
efficacy of the microfracture technique

for articular cartilage repair in the knee:
An evidence-based systematic analysis.

The American Journal of Sports

Medicine. 2009;37(10):2053-2063

[38] Kreuz PC, Steinwachs MR, Erggelet
C, Krause SJ, Konrad G, Uhl M,

et al. Results after microfracture

of full-thickness chondral defects

in different compartments in the

knee. Osteoarthritis and Cartilage.
2006;14(11):1119-1125

[39] Frehner F, Benthien JP.
Microfracture: State of the art in
cartilage surgery? Cartilage. 2017. DOI:
10.1177/1947603517700956

[40] Pap K, Krompecher I. Arthroplasty
of the knee—Experimental and clinical
experiences. Journal of Bone and Joint
Surgery. 1961;43A:523-537

[41] Wagner H. Operative behandlung
der osteochondrosis dissecans

der kniegelenkes. Zeitschrift fiir
Orthopadie. 1964;98:333-355

13

[42] Muller W. Osteochondritis
dissecans. In: Hastings DW, editor.
Progress in Orthopaedics Surgery.
New York: Springer; 1978. p. 135

[43] Matsusue Y, Yamamuro T, Hiromichi
H. Case report. Arthroscopic multiple
osteochondral transplantation to the
chondral defect in the knee associated
with anterior cruciate ligament
disruption. Arthroscopy. 1993;9:318-321

[44] Hangody L, Kish G, Karpati Z,
Szerb I, Udvarhelyi I. Arthroscopic
autogenous osteochondral mosaicplasty
for the treatment of femoral condylar
articular defects. A preliminary report.
The Knee Surgery, Sports Traumatology,
Arthroscopy. 1997;5(4):262-267

[45] Hangody L, Kish G, Karpati Z,
Udvarhelyi I, Szigeti I, Bely M.
Mosaicplasty for the treatment of
articular cartilage defects: Application
in clinical practice. Orthopedics.

1998;21:751-756

[46] Gudas R, Kalesinskas R, Kimtys'V,
et al. A prospective randomized
clinical study of mosaic osteochondral
autologous transplantation versus
microfracture for the treatment of
osteochondral defects in the knee
joint in young athletes. Arthroscopy.
2005;21:1066-1075

[47] Hangody L, Vasarhelyi G, Hangody
LR, Siikdsd Z, Tibay G, Bartha L, et al.
Autologous osteochondral grafting—
Technique and long-term results.
Injury. 2008;9(1):32-39. DOI: 10.1016/j.
injury.2008.01.041

[48] Morelli M, Nagamori ], Miniaci A.
Management of chondral injuries of
the knee by osteochondral autogenous

transfer (mosaicplasty). The Journal of
Knee Surgery. 2002;15:185-190

[49] Ozturk A, Ozdemir MR, Ozkan Y.
Osteochondral autografting
(mosaicplasty) in grade IV cartilage
defects in the knee joint: 2- to 7-year



Cartilage Tissue Engineering and Regeneration Techniques

results. International Orthopaedics.
2006;30(3):200-204

[50] Bartz RL, Kamaric E, Noble PC,
Lintner D, Bocell ]. Topographic
matching of selected donor and
recipient sites for osteochondral
autografting of the articular surface
of the femoral condyles. The
American Journal of Sports Medicine.
2001;29:207-212

[51] Jerosch ], Filler T, Peuker E. Is there
an option for harvesting autologous
osteochondral grafts without damaging
weight-bearing areas in the knee joint?
Knee Surgery, Sports Traumatology,
Arthroscopy. 2001;8:237-240

[52] Menche DS, Vangsness CT Jr,
Pitman M, Gross AE, Peterson L. The
treatment of isolated articular cartilage
lesions in the young individual.
Instructional Course Lectures.

1998;47:505-515

[53] Marcacci M, Kon E, Zaffagnini S,

et al. Multiple osteochondral
arthroscopic grafting (mosaicplasty) for
cartilage defects of the knee: Prospective

study results at 2-year follow-up.
Arthroscopy. 2005;21(4):462-470

[54] Reddy S, Pedowitz DI, Parekh SG,
Sennett BJ, Okereke E. The morbidity
associated with osteochondral harvest
from asymptomatic knees for the
treatment of osteochondral lesions

of the talus. The American Journal of

Sports Medicine. 2007;35(1):80-85

[55] Bentley G, Biant LC, Carrington
RW. A prospective, randomised
comparison of autologous chondrocyte
implantation versus mosaicplasty for
osteochondral defects in the knee.

Journal of Bone and Joint Surgery.
2003;85B:223-230

[56] O’Driscoll SW. The healing and
regeneration of articular cartilage.
The Journal of Bone and Joint Surgery.
American Volume. 1998;80:1795-1812

14

(571 O’Driscoll SW. Articular cartilage
regeneration using periosteum. Clinical
Orthopaedics. 1999;367:5186-5203

[58] Fonseca F. Mosaicoplastia revestida
com periésseo no tratamento de perda
osteocondral do joelho [Mosaicplasty
with periosteal graft for resurfacing local
full-thickness chondral defects of the
knee]. Revista Brasileira de Ortopedia.
2009;44(2):153-158. Available from:
http://www.scielo.br/scielo.php?scri
pt=sci%7B_%7Darttext%7B&%7Dpi
d=S0102-36162009000200011%7B& %7
Dlang=pt

[59] Brittberg M, Nilsson A, Lindahl A,
Ohlsson C, Peterson L. Rabbit articular
cartilage defects treated with autologous
cultured chondrocytes. Clinical
Orthopaedics and Related Research.
1996;326:270-283

[60] Brittberg M, Lindahl A, Nilsson A,
Ohlsson C, Isaksson O, Peterson L.
Treatment of deep cartilage

defects in the knee with autologous
chondrocyte transplantation. The
New England Journal of Medicine.
1994;331(14):889-895

[61] Brooks PJ. Role of osteochondral
transplantation in the treatment of joint
surface defects. Sports Medicine. 1994

[62] Niemeyer P, Andereya S, Angele P,
Ateschrang A, Aurich M, Baumann M,
et al. Autologous chondrocyte
implantation (ACI) for cartilage defects
of the knee: A guideline by the working
group “tissue regeneration” of the
German Society of orthopaedic surgery
and traumatology (DGOU). Zeitschrift
fiir Orthopddie und Unfallchirurgie.
2013;151(1):38-47

[63] Valderrabano V, Miska M, Leumann
A, Wiewiorski M. Reconstruction

of osteochondral lesions of the talus
with autologous spongiosa grafts

and autologous matrix-induced
chondrogenesis. The American Journal
of Sports Medicine. 2013;41(3):519-527



Reconstruction with Joint Preservation
DOI: http://dx.doi.org/10.5772/intechopen.84354

[64] Saris DB, Vanlauwe J, Victor J,
Almgqvist KF, Verdonk R, Bellemans ],
et al. Characterized chondrocyte
implantation results in better structural
repair when treating symptomatic
cartilage defects of the knee ina
randomized controlled trial versus
microfracture. The American Journal of
Sports Medicine. 2007;36:235-246

[65] Bentley G, Biant LC, Vijayan S,
Macmull S, Skinner JA, Carrington RW.
Minimum ten-year results of a
prospective randomised study of
autologous chondrocyte implantation
versus mosaicplasty for symptomatic
articular cartilage lesions of the

knee. Journal of Bone and Joint
Surgery. British Volume (London).
2012;94(4):504-509

[66] Macmull S, Jaiswal PK, Bentley G,
Skinner JA, Carrington RW, Briggs TW.
The role of autologous chondrocyte
implantation in the treatment of
symptomatic chondromalacia

patellae. International Orthopaedics.
2012;36:1371-1377

[67] Welton KL, Logterman S,
Bartley JH, Vidal AF, McCarty

EC. Knee cartilage repair and
restoration: Common problems and

solutions. Clinics in Sports Medicine.
2018;37(2):307-330

[68] Ebert JR, Edwards PK, Fallon M,
Ackland TR, Janes GC, Wood DJ. Two-
year outcomes of a randomized trial
investigating a 6-week return to full
weightbearing after matrix-induced
autologous chondrocyte implantation.

The American Journal of Sports
Medicine. 2017;45(4):838-848

[69] Ebert JR, Fallon M, Robertson W,

et al. Radiological assessment

of accelerated versus traditional
approaches to postoperative
rehabilitation following matrix-induced

autologous chondrocyte implantation.
Cartilage. 2011;2(1):60-72

15

[70] Ebert JR, Fallon M, Zheng MH,
Wood DJ, Ackland TR. A randomized
trial comparing accelerated and
traditional approaches to postoperative
weightbearing rehabilitation after
matrix-induced autologous chondrocyte
implantation: Findings at 5 years. The
American Journal of Sports Medicine.
2012;40(7):1527-1537

[71] Ebert JR, Robertson WB, Lloyd DG,
Zheng MH, Wood DJ, Ackland T. A
prospective, randomized comparison of
traditional and accelerated approaches
to postoperative rehabilitation following
autologous chondrocyte implantation:

2-year clinical outcomes. Cartilage.
2010;1(3):180-187

[72] Edwards PK, Ackland T, Ebert JR.
Accelerated weightbearing
rehabilitation after matrix-induced
autologous chondrocyte implantation
in the tibiofemoral joint: Early clinical
and radiological outcomes. The

American Journal of Sports Medicine.
2013;41(10):2314-2324

[73] Kraeutler M]J, Belk JW, Carver TJ,
McCarty EC. Is delayed weightbearing
after matrix-associated autologous
chondrocyte implantation in the knee
associated with better outcomes? A
systematic review of randomized

controlled trials. Orthopaedic Journal of
Sports Medicine. 2018;6(5):1-10



