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Preface

It is our great pleasure to introduce the new book The Patellofemoral Joint:
State of the Art in Evaluation and Management.

A medical education, where basic science together with medical innova-
tions and state of the art in surgical techniques are indispensable, is an impor-
tant challenge. ISAKOS wants to provide an educational umbrella in which
all would collaborate and benefit. This is intended to leverage the education
skills in arthroscopy, knee surgery and orthopedic sports medicine around the
world.

Patellofemoral joint pathologies represent common but difficult-to-treat
entities, due to the difficulty in elucidating the etiology of anterior knee pain
as well as in restoring back to normal patellar tracking and stability. If
untreated, repetitive trauma due to altered joint surface contact pressures can
result in significant loss of articular cartilage, progressive degenerative
changes of the patellofemoral joint and development of osteoarthritis.
Currently, there has been remarkable progress in anatomy, biomechanics and
biology related to patellofemoral joint treatment. Improved rehabilitation
strategies are now available together with novel conservative or surgical pro-
cedures, with the aim to address biological problems utilizing biological
solutions.

ISAKOS has given us a special opportunity to invite international orthope-
dic surgeons and researchers all over the world to provide their specific
insights into patellofemoral problems. Originally conceived as a small book-
let at the ISAKOS Congress in Toronto in June 2013, this work quickly turned
into a major project, involving more than 35 authors worldwide. We invited
orthopedic surgeons, physiotherapists, and researchers from all over the
world to provide their specific research works related to patellofemoral prob-
lems. As a result, we have organized a comprehensive review on a global
overview of the physiology, pathology, diagnosis and treatment options. We
are confident this special issue will not only cover all the essential issues to
be learned by young doctors and researchers, but also will manage to offer the
most advanced suggestions specifically in the new treatment options and
diagnosis.

vii



viii

Preface

Our hope is that this book will be also valuable for all clinicians and
researchers interested in the patellofemoral joint and its disorders and will
represent an outstanding reference in the future for the treatment of this
unique joint structure. Our effort in this book was to give no less.

Milan, Italy Alberto Gobbi
Porto, Portugal Joao Espregueira-Mendes
Osaka, Japan Norimasa Nakamura
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Introduction

Alberto Gobbi, Jodo Espregueira-Mendes,
and Norimasa Nakamura

Medical education represents a challenge
worldwide. ISAKOS intends to leverage educa-
tion and plays a role in the field of orthopedic
sports medicine around the world, providing
equal opportunities among its members. Uneven
realities described and emphasized by fellows
and residents, arriving from all around the
world, along with their extraordinary learning
skills and strong motivation, made us realize
that ISAKOS had the responsibility to provide
an educational umbrella in which all agents
could collaborate and profit. This assumed an
important role and it is today an admirable
ongoing reality. Therefore, in one unparalleled
determination and effort supported by many, we
can bring you into high-performing educational
sets, no matter what zip code you live in. We
will join you or you will be joining us in this

A. Gobbi (<)

Orthopaedic Arthroscopic Surgery International (O.A.S.1.)
Bioresearch Foundation, Gobbi N.P.O., Milan, Italy
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Centre — FIFA Medical Centre of Excellence,
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ICVS/3B’s Research Group — Biomaterials,
Biodegradables and Biomimetics, University of Minho,
Headquarters of the European Institute of Excellence on
Tissue Engineering and Regenerative Medicine,

Caldas das Taipas, Guimaraes, Portugal

A. Gobbi et al. (eds.), The Patellofemoral Joint,
DOI 10.1007/978-3-642-54965-6_1, © ISAKOS 2014

priceless educational mission. Consequently,
this book shows the most advanced techniques
with ultimate technologies under the guidance
of globally renowned experts.

In this book dedicated to patellofemoral joint,
the reader will be able to get acquainted with the
state of the art in this subject. This knowledge
conveys a comprehensive and friendly resource
of education. It is a secure value and an impor-
tant reflex of authors’ commitment to ISAKOS
educational mission. The intelligibility, inter-
est, and actuality of the reading you are about to
begin consubstantiate a catch-up that, we believe,
will contribute to provide the best health care to
our patients. Science and skills brought to you by
this group of authors arise from an intense will-
ing of helping on behalf of better quality of life.
ISAKOS strives to give no less.

Department of Orthopaedics,
Minho University, Braga, Portugal
e-mail: jem@espregueira.com

N. Nakamura
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Osaka University Graduate School of Medicine,
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Morphogenesis of the
Patellofemoral Joint
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The development of the patella and the femoro-
patellar joint is intimately related to the develop-
ment of the tendon of quadriceps and the knee
joint which are integrated morphologically and
functionally, providing the articular component
for the extension mechanism.

After 6 weeks of development, a band of mes-
enchymal tissue is displayed between the femur
and tibia which were in a chondrification process
that corresponded to the articular homogeneous
interzone [3, 12]. The anlage of the patella
appeared as a slight mesenchymal condensation
located between the femoral condyles and the
anlage of the tendon of the quadriceps muscle [3,
10]. The latter is differentiated from the patellar
area forming a continuous condensed mesenchy-
mal band, which is extended from the quadriceps
muscle to the anlage of the tibia (Fig. 2.1).

The differentiation of the anlage of the patella
is much more evident after 7 weeks of develop-
ment (Fig. 2.2). It appears dorsally, in contact
with the quadriceps tendon and separated from
the inferior end of the femur by an area of loose
mesenchymal tissue. The chondrification contin-
ues at the inferior end of the femur and at the
superior end of the tibia, thus resulting in the
origination of the femoral condyles and the supe-
rior surface of the tibia (Fig. 2.3). The femoro-
tibial interzone is formed by two eccentric bands
of mesenchymal tissue which cover the condyles
of the femur and the superior surface of the tibia
and a medial band that is loose in comparison
with the eccentric bands, which corresponded to
the three-layered interzone (Figs. 2.2 and 2.3).
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Fig.2.1 Human fetus at 6
weeks of development

(16 mm GL, 18 Carnegie
stage). Sagittal section of
the left lower limb.
Formation of the interzone
between the femur and the
tibia (/) and appearance of
the anlage of the patella (P).
Rectus femoris muscle (R)

1000pm

Fig.2.2 Human fetus at 7 weeks of development (20 mm
GL, 20 Carnegie stage). Transverse section of the femoro-
patellar joint. Differentiation of the patella (P) and forma-
tion of the interzone of the femoropatellar joint (FP).
Cruciate posterior ligament (CP). Femorotibial interzone
(I). Tibial nerve (TN)

The patellar anlage increases, configuring a har-
monious and uniform formation [7]. The more
advanced chondrification of both the femur and
the anlage of the patella clearly defines them,
identifying a fine mesenchymal band which
forms the femoropatellar interzone (Fig. 2.2).
The mesenchyme condenses cranially and cau-
dally at the patella making both the tendon of
quadriceps muscle and the patellar tendon evi-
dent (Fig. 2.3). At this stage, the formation of the
cruciate ligaments has also begun, the posterior
cruciate ligament becoming identifiable earlier
than its counterpart [10] (Fig. 2.2).

Two anlagen appear at the end of the 7 weeks:
the suprapatellar bursa which was observed as a
small cavity, dorsally to the tendon of quadriceps
and cranially to the patella, and the first sign of the
cavitation of the femoropatellar joint [4, 9, 3]. The
fibers of the quadriceps tendon begin to appear vis-
ible at its attachment, on the patella base (Fig. 2.4).

After 8 weeks of development, the cavitation of
the femoropatellar interzone is evident, while the
patella is in a clear phase of chondrogenesis
(Fig. 2.5). At the femoral and tibial condyles, a
dense band of connective tissue is formed, which
marks the first sign of organization of the articular
cartilage. The densification to initiate the formation



2 Morphogenesis of the Patellofemoral Joint

Fig.2.3 Human fetus at 6
weeks of development (20
mm GL, 20 Carnegie stage).
Transverse section of the
patellar tendon (PL).
Femorotibial interzone (I).
Lateral condyle (LC).
Medial condyle (MC)

Fig.2.4 Human fetus at 7 weeks of development (22 mm
GL, 21 Carnegie stage). Sagittal section of the femoropa-
tellar joint. Beginning of the cavitation of the femoropa-
tellar interzone (FP). Patella (P), Patellar tendon (PL),
Tendon of quadriceps (QT), Suprapatellar bursa (SP)

of the menisci increases at the lateral parts of the
femorotibial interzone [6], with small cavities
between the menisci and the condyles of the femur
and tibia (Fig. 2.6) appearing laterally and at inter-
layer level. On the contrary, the interzone of the
superior tibiofibular joint is visible without signs
of cavitation (Fig. 2.6). The cruciate ligaments are
clearly visible at the intercondylar notch (Fig. 2.5),
surrounded by a poorly organized mesenchyme
which contains many vascular elements.

From the margins of the patella, the articular
capsule surrounds the femoral condyles and
attaches itself to the external surface of the menisci.
The formation of the patellofemoral ligaments has
also commenced (Fig. 2.5). The articular cavities
of the femoropatellar, femoromeniscal and menis-
cotibial joints now became apparent.

After 9 weeks of development, the patella
faces the femoral trochlea (Fig. 2.7). The topo-
graphical arrangement of the fibers which form
the quadriceps tendon and its length on the super-
ficial aspect of the patella become apparent, con-
stituting the patellar tendon which reaches up to
the developing tibial tuberosity (Fig. 2.7). Below
the patella, deeper than the patellar ligament and
ventrally to the anterior cruciate ligament, there
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Fig.2.5 Human fetus at 8

weeks of development (28.5 i [0
mm GL, 23 Carnegie stage).
Transverse section of the
femoropatellar joint.
Formation of the cavity in
the femoropatellar joint
(FP). Cruciate posterior
ligament (CP). Lateral
meniscus (M), Lateral
condyle (LC), Medial
condyle (MC), Lateral
patellofemoral ligament
(LPF), Medial patellofemo-
ral ligament (MPF), Patella
(P), Common peroneal
nerve (PN), Tibial nerve
(TN)

Fig.2.6 Human fetus at 8
weeks of development (28.5
mm GL, 23 Carnegie stage).
Transverse section of the
knee and the tibiofibular
joint (TF). Beginning of the
formation of the menisci (M)
and the cavitation of the
femorotibial interzone (FT).
Lateral meniscus (M),
Lateral condyle (LC)

is a loose mesenchyme mass arranged as a sep-
tum forming the medial septum or mediastinum,
the anlage of the fat pad ligament (Fig. 2.8).

In weeks 10 and 11, the progressive reduc-
tion of the medial wall and its further arrange-
ment consequently forms the fat pad ligament [2,

wroooL

7] with the presence of collagen fibers as well
as the regression of the remaining mesenchymal
tissue limited by the space between the posterior
aspect and inferior border of the patella together
with the prespinal portion of the tibia, both of
which determine that the joint will have a similar
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Fig.2.7 Human fetus at 9
weeks of development

(38 mm GL). Frontal section
of the femoropatellar joint
(FP). Patella (P), Tendon of
quadriceps (QT)

Fig.2.8 Human fetus at 9
weeks of development

(38 mm GL). Frontal
section of the knee joint and
the patellar tendon (PL).
Formation of the anlage of
the fat pad ligament (FPL).
Anterior cruciate ligament
(CA), Posterior cruciate
ligament (CP), Fibular
collateral ligament (LL),
Popliteus muscle (PM),
Lateral meniscus (M)

morphology to what it will be in adulthood. The
posterior cruciate ligament attaches itself to the
posterior area of the articular surface of the tibia
and extends dorsoventrally trough the internal

aspect of the medial condyle of the femur. The
anterior cruciate ligament extends from the ante-
rior part of the surface of the tibia to the internal
aspect of the lateral condyle of the femur and in
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Fig.2.9 Human fetus at 10
weeks of development (47
mm GL). Sagittal section of
the knee and the femoropa-
tellar joint. Topographical
arrangement of the
suprapatellar bursa (SP),
intrapatellar fat pad (/IFP)
and the posterior cruciate
ligament (CP). Patella (P),
Tendon of quadriceps (QT)

Fig.2.10 Human fetus at 10
weeks of development

(47 mm GL). Sagittal section
of the knee and the
femoropatellar joint.
Topographical arrangement
of the anterior cruciate
ligament (CA) and fat pad
ligament (FPL). Patella (P),
Patellar tendon (PL),
Articularis genus muscle
(AG), Middle genicular
artery (MGA), Tendon of
quadriceps (QT)
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relation to the fat pad ligament. Also, the lateral
articular surface of the patella clearly starts to
be larger than the medial one. The suprapatellar
bursa extends to the femoral diaphysis, on which
a little contingent of muscular fibers appears, the
anlage of the articular muscle of knee or articu-
laris genus muscle. However, the suprapatellar
bursa is not totally completed until weeks 14—15
of development [4, 10, 11].

After 12—-13 weeks, the articular cavity of the
knee has reached its adult appearance since the
communicating structure between the lateral
meniscotibial cavity and the superior tibiofibu-
lar cavity [5], the latter previously formed at 11
weeks, disappears [1] giving way to the fully
completed organization of the ligaments of the
knee joint.

After 14 weeks, the ossification of the patella
commences with cartilage canals penetrating
from the anterior and superior surfaces. The
patella increases its relative size until the sixth
month of fetal life, after which it will follow the
same ratio as other bones of the lower limb [8].
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3.1 Introduction
The femororotulian joint situated on the anterior
side of the knee is made up of the kneecap and the
femoral trochlea as joint components. It works as
a reflection pulley through the flexo-extension
movements of the knee similar to the way a
mechanical pulley slides, the kneecap being the
footing for the transmission of forces. The femo-
rorotulian joint has been the forgotten compart-
ment of the knee for quite a while now. Its anatomy
(Fig. 3.1), biomechanics, and function are well
known, but there are unfinished business:
1. The origin of pain; the true value of cartilage
damage
2. The adequate diagnostic means
3. The reliability of surgical techniques
In this chapter, we will try to explain all the
relevant anatomical data that explain the femoro-
rotulian biomechanics and pathology.

3.2  Morphology
According to Jiménez Collado, P Guillen Garcia,
and Sobrado Perez [1], the kneecap can be stud-
ied theoretically through its anterior or superfi-
cial side, posterior side, and deep or articular side
and also through its upper or base rim, lower
vertex or angle, and lateral rims.

On the morphological level, the kneecap is a
transverse edged trochlear arthrosis with a degree
of freedom of movement. The arrangement of the

1
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Fig. 3.1 Schematic view of the anterior side of right knee-
cap and boundaries (Licensed by Jimenez Collado et al. [1])

femoral trochlea and the deep articular side deter-
mines the degree of the kneecap lateral instability
during the first degrees of bending and the major
overload of one of its articular sides on the other.
Wiseber classification is prototypical: type I,
both articular sides are concave and significantly
of the same amplitude; type II, lower internal
concave side than the external one; and the most
common of all, type III, internal convex side with
a small surface borderlining patellar hypoplasia.
On the other hand, the normal trochlear angle is
140°; larger angles cause a greater degree of lat-
eral instability; lower angles are more likely to
cause cartilage involvement (Fig. 3.2).

When it comes to the femur, the rotulian carti-
lage footing on the femoro-trochlear cartilage
can be established according to the various
degrees of bending [1, 3]:

e From 0° to 10°: Only the rotulian cartilage
lower part contacts the trochlea — low lateral
rotulian stability.

e From 10° to 30°: The rotulian cartilage lower
part contacts the upper side of the trochlea —
greater rotulian stability.

e From 30° to 60°: The rotulian cartilage lower
part contacts the medial side of the trochlea, and
a geometrical dynamic fitting of the kneecap
and the trochlea occurs — the degree of
biomechanical stability is just perfect.

* From 60° to 90°: The kneecap upper side rests
on the lower side of the trochlear area.

* Over 90°: The kneecap enters the intercondy-
lar notch and only the marginal parts of its
sides — specially the lateral ones — make the
femorotibial contact.

The ligament and tendon structures for rotu-
lian support formed by the quadriceps tendon and
its insertion in the upper rim of the kneecap; the
rotulian tendon inserted in the lower rim, typi-
cally called by the anatomist rotulian ligament
since it goes through from bone to bone; and the
external and internal rotulian retinacula make up
what we know as the cruciform elements
(Fig. 3.3). We can see this cross-like arrangement
of the rotulian ligament and tendon structures in
a 30 mm fetus, and if tendons transmit muscle
strength to the rotulian retinacula, they act as a
joint guide and controllers.

Different pathologies are associated to such
cross-like arrangement based on the length
between the rotulian tendon and the kneecap
which frames the upper or lower patella — the lon-
ger the rotulian tendon, the weaker the medial
stabilizers. When alterations depend on the angle
made up of the quadricipital tendon medial line
and the rotulian tendon medial line, the decom-
pensation of the force vectors increases or
reduces the lateral rotulian instability. Also the
greater or lesser tension variation between reti-
nacula or reduction of one retinaculum with
respect to the other can unleash factors of rotu-
lian inclinations at the axial level and a greater or
lesser degree of instability [1, 3].

The internal rotulian retinaculum is made up of
three layers. The most important of all from the
point of view of rotulian semiology is the interme-
diate layer where we find the medial patellofemo-
ral ligament, MPFL, as the main stabilizer together
with the medial patellotibial ligament, MPTL, and



	Preface
	Contents
	1: Introduction
	2: Morphogenesis of the Patellofemoral Joint 
	References

	3: Patellofemoral Anatomy
	3.1	 Introduction
	3.2	 Morphology
	3.3	 Patellar (Kneecap) Cartilage
	References

	4: Anatomy and Biomechanics of Medial Patellofemoral Ligament
	4.1	 Medial Patellar Retinacula Complex
	4.2	 The Anatomical Footprint of MPFL
	4.2.1	 The Attachment on Patella
	4.2.2	 The Attachment on Femur

	4.3	 The Biomechanical Features of MPFL
	References

	5: Clinical Examination of the Patellofemoral Joint
	5.1	 Introduction
	5.2	 History
	5.3	 Physical Examination
	5.3.1	 Standing Examination

	5.4	 Q Angle
	5.4.1	 Gait Analysis
	5.4.2	 Seated Position
	5.4.3	 Supine Position

	5.5	 Special Tests for Patellofemoral Joint 
	5.5.1	 Passive Patellar Grind Test (Patellar Inhibition Test)
	5.5.2	 Step-Up-Step-Down Test
	5.5.3	 Patellar Glide Test
	5.5.4	 Passive Patellar Tilt Test
	5.5.5	 Engagement Sign
	5.5.6	 Apprehension Test (Fairbanks Sign) 

	 Conclusions
	References

	6: Imaging of Patellofemoral Joint
	6.1	 Radiographic Evaluation of the Patellofemoral Joint
	6.1.1	 Clinical Applications
	6.1.2	 Standard Views
	AP View
	 Lateral View
	 Axial (Tangential) View


	6.2	 Computed Tomography
	6.2.1	 Advantages of CT
	6.2.2	 Patient Position
	6.2.3	 Evaluating the Measurements
	6.2.4	 Significance of Measurements
	Normal Values
	 Conclusions


	6.3	 Magnetic Resonance Imaging
	6.4	 Other Imaging Techniques
	References

	7: Patellofemoral Evaluation: Do We Need an Objective Kinematic Approach?
	7.1	 The Multifactorial Issues on Patellofemoral Joint
	7.2	 Patellofemoral Joint Evaluation
	7.3	 Anatomical and Functional Patellofemoral Joint Assessment
	7.4	 Final Remarks
	References

	8: Gait Analysis in Patellofemoral Disorders
	8.1	 Introduction
	8.2	 Factors Around the Knee Joint
	8.3	 Factors Distal to the Knee
	8.4	 Factors Proximal to the Knee
	8.5	 Prospective Studies
	8.6	 Conclusion and Future Directions
	References

	9: Prevention of Patellofemoral Injuries
	9.1	 Introduction
	9.2	 Biomechanics
	9.3	 Clinical Findings
	9.4	 Rehabilitation and Prevention Strategies
	References

	10: Patellofemoral Instability
	10.1	 Introduction
	10.2	 Anatomy and Biomechanics of Instability
	10.3	 Clinical Examination
	10.3.1	 History
	10.3.2	 Physical Examination
	Standing/Gait
	 Sitting
	 Supine
	 Prone


	10.4	 Radiographic Evaluation
	10.5	 Treatment
	10.5.1	 Nonoperative
	10.5.2	 Operative Treatment

	References

	11: Lateral Patellar Dislocation: Pathomechanism and Treatment
	11.1	 Introduction
	11.2	 Pathomechanism
	11.2.1	 MPFL Disruption
	11.2.2	 Osteochondral Fracture
	11.2.3	 Predisposing Factors

	11.3	 Treatment
	11.3.1	 MPFL Reconstruction (Dual Tunnel MPFL Reconstruction) [ 20 ]
	Graft Preparation
	 Operative Procedure
	 Postoperative Regimen
	 Advantages of Our Procedure


	11.4	 Discussion
	11.4.1	 Our Recommendations at the Time of the MPFL Reconstruction
	Reconstruction or Repair
	 Choice of Graft Material
	 Lateral Retinacular Release
	 Additional Ligament Reconstruction

	11.4.2	 Treatment Algorithm for Patellar Dislocation at Our Institute
	11.4.3	 Our Strategy for Surgical Treatments
	11.4.4	 Future Directions

	References

	12: Medial Patellar Instability: A Little Known Cause of Anterior Knee Pain
	12.1	 Background
	12.2	 The Problem
	12.3	 Diagnosis: Functional Evaluation
	12.4	 Treatment: A Paradigm of “Salvage” Procedures
	12.5	 Prevention of Postoperative Medial Patellar Instability
	12.6	 Case Studies: A “Snapshot” of the Key Role of the Lateral Retinaculum in the Knee. Implications in the Etiology of Medial Patellar Instability
	12.7	 Personal Experience: Clinical Results
	 Conclusion
	References

	13: Nonoperative Treatment of Patellofemoral Joint
	13.1	 Therapeutic Exercise
	13.2	 Manual Therapy
	13.3	 Treatment Modalities
	13.4	 Pharmacological Therapy
	13.5	 Taping, Braces, and Plantar Foot Orthotics
	13.6	 Psychological Approach
	References

	14: Treatment of Acute Patellar Dislocation: Current Concepts
	14.1	 Introduction
	14.2	 Pathophysiology of Acute Patellar Dislocation (Major Factors to Consider)
	14.2.1	 Evaluation of First-Time Acute Patellar Dislocation

	14.3	 Current Treatment Options
	14.3.1	 Nonoperative Treatment
	14.3.2	 Surgical Treatment

	14.4	 Systematic Literature Review
	14.5	 Discussion
	 Conclusion
	References

	15: Surgical Treatment of the Patellofemoral Joint: Lateral Release
	15.1	 Introduction
	15.1.1	 Anatomy of the Lateral Retinaculum
	15.1.2	 Biomechanical Studies

	15.2	 Materials and Methods
	15.3	 Physical Examination
	15.4	 Surgical Options
	15.4.1	 Episodic Patellar Dislocation (EPD) 
	Studies Concerning EPD
	Lateral Release (Isolated)
	Lateral Release as Adjunct to Patellofemoral Alignment Procedures for Patellar Instability (Associated)
	Distal or Combined (Proximal + Distal) Realignment Often Added by LR (Associated)


	15.4.2	 Isolated Patellofemoral Osteoarthritis (PF OA)
	Studies Concerning LR for Isolated PF OA

	15.4.3	 Excessive Lateral Hyperpression Syndrome (ELHS)
	Studies Concerning ELHS
	 Combination: EPD–OA–ELHS


	15.5	 Summary Statement
	References

	16: Proximal Realignment: Medial Plication
	16.1	 Introduction
	16.2	 Indications
	16.3	 Contraindications
	16.4	 Preoperative Workup
	16.4.1	 Radiographs and MRI

	16.5	 Surgical Techniques for Medial Plication
	16.5.1	 Mini-Open Medial Reefing
	16.5.2	 Arthroscopically Assisted Medial Reefing
	16.5.3	 Arthroscopic All-Inside Medial Plication

	16.6	 Postoperative Rehabilitation
	16.6.1	 Phase 1: Treat the Swelling and Inflammation
	16.6.2	 Phase 2: Recovery of Range of Motion and Muscle Flexibility
	16.6.3	 Phase 3: Recovery of Muscle Strength and Resistance
	16.6.4	 Phase 4: Recovery of Neuromuscular Control and Coordination
	16.6.5	 Phase 5: Recovery of Specific Gestures

	16.7	 Complications
	16.8	 Discussion
	 Conclusion
	References

	17: Medial Patellofemoral Ligament Repair for Recurrent or Traumatic Patellar Dislocation
	17.1	 Introduction
	17.2	 Surgical Procedures
	17.2.1	 Indications
	17.2.2	 Operative Position and Anesthesia
	17.2.3	 Arthroscopy
	17.2.4	 Repair of the MPFL
	17.2.5	 Postoperative Rehabilitation
	17.2.6	 Clinical Results

	17.3	 Discussion
	References

	18: MQTFL Reconstruction
	References

	19: Medial Patellofemoral Ligament Reconstruction Based on Graft Tension Change and Anatomy
	19.1	 Introduction
	19.2	 Preoperative Assessment
	19.3	 Surgical Procedures
	19.4	 Postoperative Management
	References

	20: Anteromedial Tibial Tubercle Transfer
	20.1	 Technique
	20.2	 Rehabilitation
	20.3	 Expectations
	References

	21: Elmslie-Trillat Procedure: A Distal-­Based Procedure for Patellar Stabilization
	21.1	 Introduction
	21.2	 Surgical Indications
	21.3	 Surgical Technique
	21.4	 Discussion
	References

	22: Open Proximal Trochleaplasty (Grooveplasty)
	22.1	 Passive and Active Stability of the Patellofemoral Joint
	22.2	 Trochlear Dysplasia
	22.3	 Open Proximal Trochleaplasty (Grooveplasty)
	22.3.1	 Preoperative Planning
	22.3.2	 Surgical Technique

	22.4	 Additional Surgeries
	22.5	 Rehabilitation
	22.6	 Complications
	22.7	 Summary
	References

	23: Sulcus-Deepening Trochleoplasty for the Treatment of Recurrent Patellar Dislocation with High-Grade Trochlear Dysplasia
	23.1	 Introduction
	23.1.1	 Surgical Indications
	23.1.2	 Preoperative Evaluation
	23.1.3	 Surgical Technique
	23.1.4	 Rehabilitation Protocol

	23.2	 Discussion
	References

	24: Role of Rotational Osteotomy in the Treatment of Patellofemoral Dysfunction
	24.1	 Biomechanic Considerations
	24.2	 Anatomic Considerations
	24.3	 Physical Exam
	24.4	 Imaging the Lower Limb Torsional Abnormalities
	24.4.1	 Radiography
	24.4.2	 CT Scan

	24.5	 Surgical Indications
	24.6	 Surgical Considerations
	 Conclusions
	References

	25: Prosthetic Indications in Patellofemoral Osteoarthritis
	25.1	 Introduction
	25.2	 Isolated Patellofemoral Arthroplasty
	25.3	 Total Knee Arthroplasty
	 Conclusion
	References

	26: Treatment of Patellofemoral Disorders in Skeletally Immature Athlete
	26.1	 Introduction
	26.2	 Patellofemoral Pain
	26.3	 Patellofemoral Instability
	References

	27: Treatment of Patellofemoral Dislocation in Skeletally Immature
	27.1	 Introduction
	27.2	 Patients and Methods
	27.3	 Surgical Procedure
	27.3.1	 Lateral Release
	27.3.2	 MPFL Reconstruction with the Transferred Semitendinosus Tendon
	27.3.3	 Postoperative Rehabilitation

	27.4	 Clinical Results
	27.5	 Discussion
	References

	28: Matrix Autologous Chondrocyte Implantation of the Patella: From ACI to MACI to ICC
	28.1	 Introduction
	References

	29: Cartilage Lesions of the Patellofemoral Joint: ­ Long-Term Results After Autologous Chondrocyte Implantation
	29.1	 Introduction
	29.2	 Autologous Chondrocyte Implantation (ACI): Surgical Approach – Steps of Operation
	29.2.1	 Arthroscopy and Biopsy (1st Step of Procedure)
	29.2.2	 In Vitro Culture of Chondrocytes
	29.2.3	 Autologous Chondrocyte Implantation and Assessment of Background Factors (2nd Step of Procedure)
	Skin Incision: Approach
	 Correction of Background Factors
	 Implantation of Cells


	29.3	 Postoperative Treatment: Rehabilitation
	29.4	 Long-Term Follow-Up of Patients Treated with ACI
	29.4.1	 Material
	29.4.2	 Results
	29.4.3	 Complications
	29.4.4	 Discussion
	29.4.5	 Summary

	References

	30: Patellar Chondral Injury Treated with Autologous Osteochondral Transplantation
	30.1	 Indications
	30.2	 Descriptive Surgical Technique
	30.3	 Postoperative Care
	30.4	 Imaging
	30.5	 Technique Results
	30.6	 Future Perspectives
	References

	31: New Techniques for Cartilage Repair of the Patella
	31.1	 Introduction
	31.2	 Autologous Chondrocyte Implantation (ACI)
	31.3	 Mesenchymal Stem Cells Implantation
	31.4	 Application in Clinical Practice: Surgical Technique
	31.5	 Our Experience
	31.6	 Advantages
	 Conclusion
	References

	32: Role of Mesenchymal Stem Cells in Patellofemoral Disorders
	32.1	 Introduction
	32.2	 Cell-Based Therapy: Current Methods
	32.3	 Cell-Based Therapy: Paediatric and Young Adult Considerations
	32.4	 Future Prospects: Intra-�articular Mesenchymal Stem Cell Injections for Patella Cartilage Lesions
	 Conclusion
	References

	33: Platelet-Rich Plasma for the Treatment of Symptomatic Patellofemoral Cartilage Lesions
	33.1	 Introduction
	33.2	 Platelet-Rich Plasma
	33.3	 Study Group
	33.4	 Technique
	33.5	 Results
	33.6	 Discussion
	References

	34: Pulsed Electromagnetic Fields for the Treatment of Symptomatic Patellofemoral Cartilage Lesions of the Knee
	34.1	 Introduction
	34.2	 Study Group
	34.2.1	 Treatment Protocol

	34.3	 Results
	34.4	 Discussion
	References

	35: Patellofemoral Injuries in Soccer Players
	35.1	 Anterior Knee Pain
	35.1.1	 Injury History
	35.1.2	 Clinical Examination
	35.1.3	 Complementary Examinations
	35.1.4	 Treatment

	35.2	 Patellar Dislocation
	35.2.1	 History

	35.3	 Acute Dislocation
	35.3.1	 Anatomy and Biomechanics
	35.3.2	 Injury Mechanism
	35.3.3	 Examination
	35.3.4	 Complementary Examinations
	35.3.5	 Treatment

	35.4	 Recurrent Dislocation
	35.4.1	 Injury History
	35.4.2	 Examination
	35.4.3	 Complementary Examinations

	35.5	 Differential Diagnosis
	35.5.1	 Treatment

	References

	36: Patellofemoral Postoperative Rehabilitation
	Outline Placeholder
	36.1	 Negative Effects of Immobilization and Passive Movement
	36.1.1	 Biomechanics Considerations
	36.1.2	 Management of Pain

	36.2	 Functional Aspects
	References

	37: Complications of Patellofemoral Surgeries: Prevention and Management Strategies
	37.1	 Introduction
	37.2	 Tibial Tubercle Osteotomy
	37.3	 Medial Patellofemoral Ligament (MPFL) Surgery
	37.3.1	 Factors for Successful Surgery

	37.4	 Soft Tissue Procedures of the Lateral Patella
	37.5	 Trochleoplasty
	37.6	 Patellofemoral Arthroplasty
	 Conclusions
	References

	38: Conclusions

