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   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 benefi t. 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 diffi cult-to-treat 
entities, due to the diffi culty 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 signifi cant 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 specifi c 
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 specifi c 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 confi dent 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 specifi cally in the new treatment options and 
diagnosis. 

  Pref ace 
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 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 João Espregueira-Mendes 
 Osaka, Japan Norimasa Nakamura  
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        Medical education represents a challenge 
 worldwide. ISAKOS intends to leverage educa-
tion and plays a role in the fi eld 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 profi t. 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 

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 refl ex 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.     

        A.   Gobbi      (*) 
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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 chondrifi cation 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 chondrifi cation 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 ). 

        P.   Guillen-Garcia      (*) 
  Trauma Unit, Clinica Cemtro ,   Madrid ,  Spain    

     Unidad de Investigation Biomedica ,   Madrid ,  Spain    
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The patellar anlage increases, confi guring a har-
monious and uniform formation [ 7 ]. The more 
advanced chondrifi cation of both the femur and 
the anlage of the patella clearly defi nes them, 
identifying a fi ne 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 identifi able 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 fi rst sign of the 
cavitation of the femoropatellar joint [ 4 ,  9 ,  3 ]. The 
fi bers 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 fi rst sign of organization of the articular 
cartilage. The densifi cation to initiate the formation 

  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 ( I  ) and appearance of 
the anlage of the patella ( P ). 
Rectus femoris muscle ( R )       

  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 )       
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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 tibiofi bular 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 fi bers which form 
the quadriceps tendon and its length on the super-
fi cial 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 

  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 )       
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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 , 

 7 ] with the presence of collagen fi bers 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 

  Fig. 2.5    Human fetus at 8 
weeks of development (28.5 
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 tibiofi bular 
joint ( TF ). Beginning of the 
formation of the menisci ( M ) 
and the cavitation of the 
femorotibial interzone ( FT ). 
Lateral meniscus ( M ), 
Lateral condyle ( LC )       
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 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 

  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 )       
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  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 )       

  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 )       
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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 fi bers 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 tibiofi bu-
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 ossifi cation 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 refl ection pulley through the fl exo- 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 unfi nished 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 
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femoral trochlea and the deep articular side deter-
mines the degree of the kneecap lateral instability 
during the fi rst degrees of bending and the major 
overload of one of its articular sides on the other. 
Wiseber classifi cation is prototypical: type I, 
both articular sides are concave and signifi cantly 
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 ]:
•    From 0° to 10°: Only the rotulian cartilage 

lower part contacts the trochlea – low lateral 
rotulian stability.  

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

•   From 30° to 60°: The rotulian cartilage lower 
part contacts the medial side of the trochlea, and 
a geometrical dynamic fi tting 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 fi nd the medial patellofemo-
ral ligament, MPFL, as the main stabilizer together 
with the medial patellotibial ligament, MPTL, and 

  Fig. 3.1    Schematic view of the anterior side of right knee-
cap and boundaries (Licensed by Jimenez Collado et al. [ 1 ])       
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the medial patellomeniscal ligament, MPML. The 
anatomy of the medial patellofemoral ligament 
includes the insertion in the internal condyle 
mainly at the adductor tubercle or the existing 
bone sulcus level and between this and the epicon-
dyle. Vastus medialis usually covers its proximal 
part. It stretches out progressively to reach the 
upper 2/3 of the kneecap where it inserts itself. 

 Some authors talk about a constant structure; 
others say it is present in 7 out of 20 anatomical 
pieces only. There is this interesting negative rela-
tionship between the length of the rotulian tendon 

and the width of this medial femororotulian liga-
ment. Such a ligament is considered to be the 
main stabilizer of the internal side of the kneecap 
and the most important external translation 
restrictor. Its most important role is extension but 
it rapidly loses its function at a 20° bending [ 2 ]. 

 It is made up of two sets of fi bers – superfi cial 
and deep. The superfi cial layer(superfi cial oblique 
retinaculum) is in turn made up of oblique fi bers 
in distal and anterior direction from the anterior 
rim of the iliotibial band to the lateral rim of the 
kneecap and lateral area of the rotulian tendon. 

M. articularis genus

Fondo de saco
subcuadricipital

Tendo m. quadricipitis

Corpus
adiposum
infrapatellare

Bursa infrapatellaris
profunda

Lig. patellae

  Fig. 3.2    Lateral schematic 
view of the knee joint. See the 
massive thickness of the 
kneecap cartilage – largest in 
human body (Licensed by 
Jimenez Collado et al. [ 1 ])       
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 The deep layer consists of three very differen-
tiated structures from proximal to distal: the 
inconstant rotulian epicondylar band, the deep 
transverse retinaculum stretching from the ilio-
tibial band deep surface to the kneecap lateral 
rim, and the lowest tibial-rotulian band also 
known as the rotulian meniscal ligament. 

 The fi brous juxta-rotulian external tract from 
the kneecap anterior side and external rim 
stretches to the external epicondyle. 

 The fi brous juxta-rotulian internal tract from 
the kneecap anterior side and upper half of the 
internal rim stretches to the internal epicondyle. 

 Orthopedic surgeons call these “surgical reti-
nacula” and they have the exact same structure 

as the fi brous juxta-rotulian tracts aforemen-
tioned [ 4 ]. These arciform fi bers meet at the 
kneecap anterior side, and as if they were a 
semiring or arch, they make up a very important 
band of biomechanical value, since they stabi-
lize the kneecap position when the knee fl exion-
extension movements occur. If there is damage 
or retraction to the rotulian retinacula because of 
scarring, fl exion- extension is limited and there is 
a  femoropatellar displacement (subluxation or 
balancing). 

 On a muscular level, the various muscular 
components of the quadriceps meet in the 
 proximal quadricipital tendon at the rotulian 
upper edge; when they get there, the quadricipital 

M. rectus femoris

M. vastus
medialis

M. sartorius

Tendon
m. quadriceps

Planum fibrosum
yuxtapatellari

M. tibialis
anterior

M. vastus
lateralis

T. m. tensor
fasciae latae

Lig. patellae

  Fig. 3.3    Schematic view of 
the anterior distribution of 
ligament and tendon elements 
(Licensed by Jimenez 
Collado et al. [ 1 ])       
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tendon looks delaminated in three overimposed 
tendon levels:
•    Superfi cial level: It is made up of the anterior 

rectus muscle tendon showing some double 
insertion when divided into two layers – short 
and deep fi bers; the most anterior and superfi -
cial of all slide through the superfi cial or ante-
rior face of the kneecap not being attached to 
the kneecap though distally united to the 
superfi cial fi bers of the rotulian tendon that 
stretches to the anterior tibial tuberosity.  

•   Medium level: It is made up of tendons from 
the internal and external vastus medialis.    
    Before they merge into the kneecap, each ten-

don shows two different expansions: (1) direct or 
latero-rotulian expansion located at each side of 
the kneecap and the rotulian tendon descending 
vertically to meet those from fascia lata and fem-
oral biceps muscle at the external side and inter-
nal rectus muscles, sartorius muscle, and 
semimembranosus tendon refl ex at the internal 
side and (2) crossed or pre-rotulian expansion 
made up of oblique fi bers superfi cially sliding 
through the kneecap (Fig.  3.4 ).

3.3        Patellar (Kneecap) Cartilage 

 In 1998, we initiated the study of the knee joint 
cartilage (KJC) through arthroscopy with an 
indenter that we designed and developed at the 
Valencian Institute of Biomechanics, Spain. 
Acufex developed the fi rst prototype back in 
1985 and we used it in many arthroscopies. 

 We measured the stiffness of the KJC through 
arthroscopic technique and saw nine areas inside 
the knee: three at the kneecap (lateral or external 
side, ridge of the patella, and medial or internal 
side), three  at the femur (lateral or external fem-
oral condyle, trochlea, and medial or internal 
femoral condyle), and three at other areas at the 
tibia (medial or internal tibial disk, medial tibial 
disk, and lateral or external tibial disk) [ 4 ]. 

 We used this means to measure the stiffness of 
the KJC in 10-, 20-, 30-, 40-, 50-, and 60-year- 
old individuals and designed what we called the 
 Cartilaginous Model or Pattern of the Knee . We 
found the cartilage of the kneecap to be the thick-
est cartilage of the knee, the medial or internal 
side of the KJC to be the softest of the kneecap, 
and the patellar cartilage of the external or medial 
side to be the toughest of the knee [ 4 ]. 

 Investigators led by Prof. Pedro Guillén, MD, 
are starting to use this indenter to evolve autolo-
gous cultured chondrocyte implantation and see 
how tough they are, how they look like, and how 
striated they get. This study of the KJC with 
indenter led us to talk about chondropenia or bad 
cartilage [ 4 ]. 

 There are two different types of chondropenia: 
quantitative and qualitative. In quantitative 
chondropenia, there is partial or total loss of 
the KJC, while in qualitative chondropenia 
KJC looks normal, a little softer maybe, and his-
tological analysis shows changes at the extra-
articular matrix and chondrocyte level. It is very 
important to fi nd pathology now, given image 
diagnostic systems are always negative – X-ray, 
CAT, and MR [ 2 – 4 ]. 

 On the vascular level, the kneecap is irrigated 
by the superior external articular artery on the 
kneecap external rim and rotulian ligament ahead 
of the kneecap articular capsule creating the so- 
called peri-rotulian rete articulare genus network. 
The internal rim running through the inferior 
internal articular artery stems ascending branches 
that anastomose with a descending branch from 
the superior external articular artery and horizon-
tal branches that anastomose ahead of the rotulian 
tendon with the superior external articular artery 
and the anterior tibial recurrent artery [ 1 ]. These 
branches made up the peri-rotulian network. 

  Fig. 3.4    Axial radiological image of a normal femoropa-
tellar joint       
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Let us not forget the innervation of blood vessels, 
whose damage means pain to the anterior side of 
the knee that can be easily misdiagnosed in the 
clinical practice. 

 Innervation    of the kneecap external rim largely 
depends on the infrapatellar branch of the inter-
nal saphenous nerve that receives sensibility 
cutaneously from the external pararotulian area 
and external peri- and pararotulian areas 
(Fig.  3.5 ). Nerve damage caused by the arthros-
copy internal portal contusions on the internal 
side of the knee induces a sort of neuropathic 
pain described as burning, allodynia, dysesthesia, 
or a reduced sensibility on the kneecap anterior 
side with a positive Tinel’s sign [ 1 ,  3 ]. On the 
other hand, at the bone kneecap level, innervation 
stretches the superfi cial side only and a third of 
rotulian thickness and rotulian retinacula with no 

innervation on the deep or articular side; the rich 
innervation at this level induces some intense 
pain caused by direct trauma to the kneecap.
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  Fig. 3.5    Drawing of neural 
distribution of the anterior and 
internal side of the knee and 
internal saphenous branches    
(Licensed by Jimenez Collado 
et al. [ 1 ])       
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        Regarding the patellar instability and patellar 
 dislocation, several aspects should be considered 
such as the anatomy of patella and trochlea, the 
congruency of the joint surfaces, the quadriceps 
muscle force transition, and surrounding tissue’s 
mechanical features. The medial patellofemoral 
ligament (MPFL) is an important mechanical 
factor in knee stabilization.    A conventional con-
cept that the MPFL does not exist in all knees [ 1 ,  2 ] 
is challenged by recent studies which states that 
the MPFL is one of the medial retinacula struc-
tures extending from medial border of patella to 
proximal region of femoral epicondyle, contrib-
uting most lateral restraining force [ 3 – 6 ]. 

 In the respect of medial patellofemoral anat-
omy and biomechanics, this article reviews the 
knowledge of MPFL that is regarded as one of 
the ligaments maintaining knee stability. 

4.1     Medial Patellar Retinacula 
Complex 

 Patella, known as the largest sesamoid bone in the 
human body, is surrounded by several muscles, 
tendons, and ligaments. The quadriceps muscles 
(rectus femoris, vastus lateralis, vastus medialis, 
vastus intermedius) exist proximal to the patella, 
generating active restraint force on the patella to 
stabilize it in axis and medial and lateral direction 
[ 7 ]. The passive restraints are composed of patella 
ligament that is placed to the distal of patella and 
medial and lateral retinacular complex, which 
connect patella to the femur and tibia. 
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 The lateral retinaculum is a complex structure 
composed of the deep transverse retinaculum and 
the superfi cial oblique retinaculum [ 8 ]. The 
medial retinacular complex is divided into three 
primary layers [ 9 ]. 

 Layer I is the crural fascia, which is wrapped 
by the sartorius and extended to the tibia in the 
distal part, while it is wrapped by the medial col-
lateral ligament (MCL) and vastus medialis 
oblique (VMO) in the proximal part. Layer II is 
the superfi cial medial collateral ligament (MCL) 
and other structures. Layer III is the capsule of 
the knee joint and the deep MCL. Though it is 
diffi cult to identify the borderline from layer I to 
layer II since some structures fuse toward the 
same places, MPFL is placed in layer II [ 5 ,  10 ]. 
The medial patellotibial ligament (MPTL), wrap-
ping over patella and tibia, also exists in the same 
layer with MPFL.  

4.2     The Anatomical Footprint 
of MPFL 

4.2.1     The Attachment on Patella 

 The length of MPFL attachment on the patella is 
around 20 mm, extending from supra-medial cor-
ner to the middle level [ 11 ,  12 ]. Four types of tis-
sue can be recognized at the tendon-bone 
insertion site, which are bone, calcifi ed fi brocar-
tilage, noncalcifi ed fi brocartilage, and tendon. 

 The proximal attachment of MPFL is located 
in the deep aspect of vastus medialis’ insertion 
site, and its superfi cial fi bers interdigitates with 
VMO [ 12 ,  13 ]. A proximal restraint force would 
be generated on the MPFL when the vastus medi-
alis muscle contracts [ 14 ].  

4.2.2     The Attachment on Femur 

 Smirk and Morris [ 15 ] reported various MPFL 
femoral attachments through a research per-
formed on 25 knee specimens. Mainly, the MPFL 
attached to the posterior part of the medial 
 femoral epicondyle (44 %), but other attachments 
were also detected as adductor tubercle (4 %), the 
adductor magnus tendon (12 %), the area just 

posterior to the adductor magnus tendon (20 %), 
or a combination of the above (4 %). It also 
pointed out that MPFL attached to the anterior 
part of the medial femoral epicondyle (16 %). 
Nomura et al. also found that the MPFL might 
attach on the distal to the adductor tubercle or 
superoposterior of the medial femoral epicondyle 
[ 14 ]. Additionally, according to the previous 
investigations, MPFL’s femoral attachments were 
detected, such as on the adductor tubercle [ 3 ,  12 , 
 16 ], on the anterior of medial femoral epicondyle 
[ 11 ,  17 ], or in between the adductor tubercle and 
anterior of the medial femoral epicondyle [ 10 , 
 14 ]. But Baldwin reported that the MPFL femo-
ral origin of the ligament had a mean width of 
10.6 ± 2.9 mm (range, 6–15 mm) and arose 
strongly from bone in the groove between the 
adductor tubercle and the medial femoral epicon-
dyle in 49 cadaver specimens [ 10 ]. These argu-
ments could be explained by the structure of the 
MPFL that it is not a bundle of uniform fi ber, but 
a combination of tissues from both superfi cial 
layer and deep layer. 

    The superfi cial fi bers of MPFL cover the area 
between medial femoral epicondyle and inferior 
of adductor tubercle, where converging with 
MCL superfi cial fi bers and adductor tendon 
occurs [ 1 ,  5 ,  13 ,  15 ,  18 ]. The deep layer of MPFL 
attaches in between the adductor tubercle and 
anterior medial femoral epicondyle, with the 
width of 10–15 mm [ 10 ,  12 ,  14 ]. A summary 
could be drawn from these literatures that the 
attachment of MPFL is slightly behind the adduc-
tor tubercle and middle of the medial femoral 
epicondyle (Fig.  4.1 ). The proximal of the femo-
ral attachment is called transverse portion (t), 
where a branch of geniculate artery passes 
beneath. The distal part of the attachment is 
named oblique decussation (OD), which is 
aroused from MCL (Fig.  4.2 ).

4.3          The Biomechanical Features 
of MPFL 

 MPFL is a thin fascial band approximately 
55–60 mm in length, 10–20 mm in width [ 1 ,  12 , 
 14 ,  16 ], and withstands around 208 N of failure 
load [ 19 ]. It is the primary passive restraint that 
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resists lateral translation of the patella generating 
50–60 % resistant force [ 1 ,  3 ]. According to an 
investigation by Amis et al., the patella sublux-
ates most easily at 20°of knee fl exion [ 20 ,  21 ]. At 
20–30°of fl exion, the patella will engage in fem-
oral trochlea where lateral facet of patella will be 
the stabilizer. When the knee bends at 60–70°, 
the femoral trochlea notch becomes the patella 
stabilizer. Therefore, the MPFL is tight with the 
knee in full extension, then slack on fl exion of the 
knee, which suggests MPFL plays an important 

role in drawing patella toward the trochlea in 
concert with VMO during early knee fl exion 
[ 22 ]. Nomura et al. reported MPFL as the main 
resistance during 20–90°of knee fl exion, which 
suggested that MPFL is also critical for stabiliz-
ing the patella in the trochlea [ 5 ]. Hautamaa et al. 
also emphasized that the MPFL is the major 
medial ligamentous stabilizer of the patella 
because there is a 50 % increase in lateral sublux-
ation of the patella with an isolated release of the 
MPFL [ 4 ]. 

MPFL’s attachment
on the patella

MPFL’s attachment
the femur

Medial epicondyle

Adductor tubercle

  Fig. 4.1    The footprint of MPFL. MPFL extents from supra-medial corner of femur to the middle portion of patella       

Adductor magnus tendon

Transverse point (t)

Oblique decueesation (OD)

Medical collateral
ligament(MCL)

  Fig. 4.2    Structure of MPFL on femur. The proximal of 
the femoral attachment is called transverse portion ( t ), 
where a branch of geniculate artery passes beneath. 

The distal part of the attachment is named oblique 
 decussation ( OD ), which is aroused from MCL       
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 The patellar insertion of the MPFL is wider than 
its femoral insertion. Amis et al. found that the 
proximal and distal point of attachment played dif-
ferent function [ 12 ]. Further, after an investigation 
on 12 cadaveric knees, Kang et al. reported that 
MPFL is formed by two relative centered fi ber 
bundles. The lower fi ber bundle, named as inferior-
straight bundle (ISB), attaches the medial aspect of 
the patella nearly horizontally, while the upper 
fi ber bundle, named as superior-oblique bundle 
(SOB), attaches the superior-medial aspect of 
patella.    They stem from the femoral origination 
together and not separated entirely. SOB is not only 
the static structure but also serves as dynamic 
maintenance of patella stability, while ISB acts as 
the main static soft  tissue restraints [ 23 ] (Fig.  4.3 ]. 
According to a patellar tracking experiment on 
human knee specimen conducted by Victor et al., 
cranial and caudal parts of MPFL behave differ-
ently. The cranial parts are taut at full extension, 
while caudal parts are most taut at 30° fl exion [ 24 ].

   It is confi rmed that the pathology of patella 
dislocation is related to the MPFL rupture, 

because MPFL is the major soft tissue restraint to 
resist lateral patellar translation. Therefore, 
recently MPFL reconstruction becomes a popular 
surgical treatment for patella instability and 
recurrent patella dislocation. 

 However, malposition and shorten ligament 
may increase ligament tension and patellofemo-
ral compressive force, and these causes are 
regarded as parts of the main reason for MPFL 
reconstruction failure [ 25 ]. A better understand-
ing on the MPFL length change pattern is 
important. Smirk et al. reported that the fi ber 
connecting proximal patella to 1 cm distal to 
adductor tubercle behaves isometrically during 
0 ~ 80° fl exion, but at 120° fl exion, it decreases 
more than 7 mm in length [ 15 ], and suggests 
that the optimal attachment points for the MPFL 
are the superior patella and just distal to the 
adductor tubercle, including points posterior 
and inferior to this [ 15 ]. This fi nding was sup-
ported by Victor’s results that cranial parts of 
MFPL are isometric during 0 ~ 80° fl exion and 
decrease 7 mm in length at 120° fl exion [ 24 ]. 

SOB (superior oblique bundle)

ISB (inferior-straight bundle)

MCL

  Fig. 4.3    The biomechani-
cal features of MPFL. The 
patellar insertion of the 
MPFL is wider than its 
femoral insertion. The 
lower fi ber bundle, named 
as inferior- straight bundle 
( ISB ), attaches the medial 
aspect of the patella nearly 
horizontally, while the 
upper fi ber bundle, named 
as superior-oblique bundle 
( SOB ), attaches the 
superior-medial aspect of 
patella       
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Another research  performed by Higuchi et al. 
regarding examination on normal volunteers’ 
MPFL length by MRI pointed out that during 
0 ~ 60° fl exion, the MPFL length almost does 
not change, but when knee is fl exed over 90°, a 
decreasing MPFL length  pattern is detected 
[ 26 ].    Though multiple MPFL reconstruction 
techniques have been developed, which are dif-
fering in the type of graft used and method of 
fi xation to the femur and patella, there is one 
point worthy to be noted that the femoral origin 
of MPFL reconstruction is most sensitive to 
reproduction of proper ligament isometry. Too 
proximal placement would cause tightening of 
the MPFL in fl exion with overload of the medial 
patellar facet. Or a too distal placement would 
lead the MPFL graft to tighten in extension, 
causing nonphysiological patellar motion. 

 In addition, patellar dislocation or patellar sub-
luxation is also concomitant with ligamentous 
 laxity, bone malalignment, or joint rotation abnor-
mality, which means their pathology should be 
very complicated. But an MPFL injury or malfunc-
tion is diagnosed in almost all of these patients, 
thus indicating that MPFL is a very important com-
ponent in supportive retinacula complex. 

 In conclusion, this article gives a general 
review on MPFL, the most important retinacula 
tissue in medial patellar. However, there still 
remains controversy regarding its attachment 
structure and mechanism features. Therefore, 
more researches should be performed and more 
elaborations and elucidations are required. The 
consensus is that MPFL is a critical factor in knee 
instability and patella dislocation, and appropri-
ate diagnosis, conservative treatment, MPFL 
repair, or MPFL reconstruction surgery would be 
a great benefi t for patients.     
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5.1            Introduction 

 The diagnosis of patellofemoral joint disorders is 
challenging for orthopaedic surgeons on the 
account of complicated pathophysiology that 
underlies them. The origin of patellofemoral 
symptoms is generally multifactorial [ 1 ], and 
therefore the clinical examination should take 
into account the patient as a whole, and meticu-
lous attention must be drawn to the history, mor-
phology and clinical examination to have a 
defi nitive diagnosis and address the patient’s 
pathology. It should be remembered that a proper 
therapeutic approach can only be  engineered with 
a thorough analysis of the patients’ disorder.  

5.2     History 

 A thorough and proper history focusing on the 
patient’s symptoms, duration and onset of problem 
and the effect of the problem in modifying his/her 
activities of daily living must be taken. A careful 
history will point to the presence of anterior knee 
pain with or without patellar instability.  Patellar 
instability  is described as episodes of giving away, 
subluxation or dislocation of the patella. While 
evaluating the history of pain, the clinician must ask 
for the exact location of pain, timing of pain (is it 
activity related?) and  association of trauma with the 
onset of symptoms. Any referred pain    must also be 
evaluated as sometimes a pain in the hip can radiate 
to the region immediately above or around the knee. 
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 If the patient has instability, the cause of the 
event and confi rmation that it is due to patella 
must be made. Often, the  feeling of giving away  
of the knee may be because of quadriceps weak-
ness, meniscal tear, ligament defi ciency or other 
disorders around the knee. A history of previous 
surgery should also be taken properly to rule out 
the possibility of medial patellar instability after 
a lateral release or realignment surgery of knee. 
Failure to consider this possibility might lead to a 
misdiagnosis of persisting lateral instability and 
to unnecessary additional surgery, resulting in 
further exacerbation of the problem. 

 After a careful analysis of the history, a sys-
tematic clinical examination should be carried 
out with the patient in standing, sitting and supine 
position along with gait analysis.  

5.3     Physical Examination 

5.3.1     Standing Examination 

 The patient should be asked to stand barefoot in 
bipodal position and asked to stand facing the exam-
iner with both feet together and pointing ahead. 
From the front, the  alignment  of the knee (varus or 
valgus deformity),  orientation  of the patellae 
(squinting or outfacing patellae) and patellar  height  
are noted. Patients with a valgus angulation have a 
more predisposition to lateral subluxation; further-
more, patients with squinting patellae have a higher 
incidence of patellofemoral pain, and patients 
with outfacing patellae are associated with habitual 
subluxation or dislocation of knee caps. 

 From the side, the inclination of the pelvis, 
spinal curvatures particularly hyperlordosis and 
the position of the body with respect to the pelvis 
can be assessed, and from the back, the presence 
or absence of a scoliotic curve, pelvic tilt or foot 
rotation anomalies can be assessed.   

5.4     Q Angle 

 The Q angle or quadriceps angle is a refl ection of 
the valgus vector of the quadriceps pull acting on 
the patella and gives an idea of the tracking of the 
knee. It is usually measured in standing position 

and is done by drawing the fi rst line between the 
centre of the patella and the anterior-superior 
iliac spine and the second line between the centre 
of the patella and the centre of the tibial tubercle. 
It averages 15° in normal individuals: 14° in men 
and 17° in women. Anatomic variants that pro-
duce either in-facing patellae or lateral displace-
ment of the tibial tubercle can result in an 
increased Q angle which increases the tendency 
for patellofemoral pain [ 2 ,  3 ]. 

5.4.1     Gait Analysis 

 The patient is then asked to walk while the exam-
iner evaluates gait to see if there is evidence of 
 anatalgia  localized to the hip or knee joint. 
Moreover, it is possible to assess the  symmetry  of 
gait, the  length  of the stride, the  orientation  of the 
patellae, the  varus  or  valgus  alignment of the 
knee and the pelvic tilt. A  single-leg knee-bend 
test  is performed wherein the patient is asked to 
bend his/her leg bringing the knee close to the 
thorax. This position helps assess the quadriceps 
support as well as evaluate the core stability at 
the hip and pronation of foot and ankle. 
Establishing the level of lower extremity support 
in any patient with patellofemoral instability or 
pain is important to guide physical therapy appro-
priately in order to improve the overall function 
of the lower extremity [ 4 ].  

5.4.2     Seated Position 

 The patient is then examined in sitting position 
with the legs hanging from the table. On inspec-
tion, a swelling of the tibial tuberosity or the infe-
rior pole of the patella might suggest 
osteochondrosis, insertional tendinitis or a partial 
rupture of the patellar tendon. An overview of 
muscular atrophy especially vastus medialis is 
also evident from the inspection. In addition, an 
assessment of patellar height can be made in this 
position. In this position, the patellae should face 
directly forward in a normal patient. In  patella 
alta , the high-riding patella faces upward towards 
the ceiling, and in  patella baja , the patella is 
lower than the normal side and seems to be drawn 
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into the sulcus between the femoral condyles. 
The patellar tracking is then evaluated by asking 
the patient to fl ex and extend the knee while sit-
ting. In the presence of instability, the patella 
undergoes subluxation near full extension consti-
tuting the so-called  J - sign  [ 5 ,  6 ]. 

 In addition, an assessment of the  tubercle - 
sulcus   angle  can be made at 90 degree fl exion of 
the knee and is a variation of the Q angle 
described by Kolowich [ 7 ] to eliminate the effect 
of femoral rotation and to detect the abnormal 
displacement of the tibial tubercle. The angle is 
measured by drawing the fi rst line passing 
through the centre of the patella and the centre of 
tibial tubercle and the second line drawn perpen-
dicular to the transepicondylar axis. This angle is 
normally less than 8° in women and less than 5° 
in men. An increase in this angle refl ects lateral 
displacement of the tibial tubercle and is associ-
ated with patellofemoral pain and instability.  

5.4.3     Supine Position 

 The examiner should look for rotation of the 
extremities and evaluate fl exion and extension of 
the knee to see if there is any evidence of lateral 
patellar tracking.  Patellar facet tenderness  [ 8 ] 
can be elicited in this position. To elicit it, the 
patella is shifted medially to expose the medial 
facet and then it is palpated with the other hand 
and observed for signs of tenderness. The proce-
dure is repeated for the lateral facet as well. In the 
case of  excessive lateral pressure syndrome , very 
little glide is possible and the tenderness is local-
ized to the patellofemoral ligament. Furthermore, 
anteromedial knee pain can be occasionally seen 
due to an infl amed medial patellar plica [ 9 ] which 
can be palpated as a fi brous cord running between 
the patella and the medial femoral condyle which 
can be made prominent by fl exing the knee. 

 Extensor muscles and tendons    mechanism is 
always indicated to rule out associated soft tissue 
disorders. In case of quadriceps tendon rupture, a 
gap can be palpated along with tenderness on 
attempted straight-leg raise test. Similarly, pal-
pating the patellar tendon during straight-leg 
raise also is a good way to check for patellar ten-
don rupture. In case of  jumper ’ s knee , tenderness 

is most commonly elicited in the proximal patel-
lar tendon just inferior to the tip of patella; in 
addition, a soft spongy, crepitant sensation can 
also be felt.   

5.5     Special Tests for 
Patellofemoral Joint  

5.5.1     Passive Patellar Grind Test 
(Patellar Inhibition Test) 

 This test is the most commonly known test for 
eliciting patellofemoral crepitus and is performed 
with the patient in supine position. The patella is 
pressed with the palm of one hand against the 
femoral groove with one hand and the knee is 
passively fl exed with the other hand. In the pres-
ence of degeneration or irregularity of the articu-
lar surface, a distinct crunching sensation is 
transmitted along with pain. However, the test 
has a low specifi city because of the fact that it is 
elicited even in normal individuals sometimes 
[ 10 ]. Pain with crepitus and recurrent effusion 
suggest degenerative changes; pain alone sug-
gests articular injury [ 11 ].  

5.5.2     Step-Up-Step-Down Test 

 This test is highly sensitive for patellofemoral 
crepitus and is used to identify distal articular 
lesions which are often missed on other tests. In 
this test, the patient is asked to stand on a small 
step and is asked to step down on one side and 
then repeated on the other side. Any evidence of 
pain and crepitus is felt during the test. A patient 
who has an intense pain on early step down may 
have the distal articular lesion and may benefi t 
from an unloading operation of the distal pole 
such as an anterior or anteromedial tibial tubercle 
transfer [ 12 ].  

5.5.3     Patellar Glide Test 

 This test allows us to estimate the passive patellar 
mobility and is performed in supine position 
while holding the knee at 20°–30° fl exion along 
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with a relaxed quadriceps. The amount of transla-
tion is estimated between the centre of the patella 
and the medial and lateral epicondyles which are 
roughly equal in this position. In the presence of 
a tear of the medial or lateral structures, the trans-
lation is increased. Conversely, the translation is 
decreased in case of arthrofi brosis [ 7 ,  13 ].  

5.5.4     Passive Patellar Tilt Test 

 This test is used to evaluate the lateral retinacu-
lum and is performed with the knee in full exten-
sion and the quadriceps relaxed. The normal tilt 
is considered to be 0° and it is impossible to lift 
the lateral edge of the patella. In case of excessive 
surgical release of the lateral retinaculum, the tilt 
is increased and the patellar plane may be rotated 
internally [ 14 ,  15 ].  

5.5.5     Engagement Sign 

 This test is used to assess the tracking and engage-
ment of the patella over the proximal trochlea and 
is usually abnormal in cases of dysplastic trochlea, 
patella alta or knee recurvatum leading to patello-
femoral pain. This test is performed in supine 
position with the knees placed in full extension, 
and a fi rm pressure is applied with a thumb over 
the tip of the patella and the knee is then fl exed to 
20°. In case of the presence of the described disor-
ders above, pain is felt by the patient at the inferior 
pole of the patella when the patella engages the 
trochlea; furthermore, a bump can also be felt in 
case of dysplastic trochlea [ 16 ].  

5.5.6     Apprehension Test 
(Fairbanks Sign)  

 This test is pathognomonic of clinically symp-
tomatic patellar instability and simulates an epi-
sode of patellar dislocation under controlled 
conditions [ 17 ]. The patient is placed supine and 
the limb is abducted suffi ciently to allow the knee 
to be fl exed over the side of the table by grasping 
the symptomatic limb at the ankle. With the other 

hand, the patella is pushed laterally while the 
knee is fl exed slowly. In patients with history of 
patellar subluxation or dislocation, apprehension 
manifesting as expressions of anxiety or quadri-
ceps contraction to prevent knee fl exion is 
observed. Often this test correlates with an abnor-
mal lateral glide, a positive engagement test or 
patellar maltracking.   

    Conclusions 

 The diagnostic workup of patellofemoral pain 
should always start with a meticulous clinical 
examination including the overall morphol-
ogy, static and dynamic equilibrium of the 
patient. Often, fi ndings on clinical examina-
tion will pave for a clear diagnosis once sup-
plemented with diagnostic studies. Along 
with a proper history taking, it should allow us 
to identify painful areas and patellofemoral 
instability in order to plan the management of 
the disorder. Most importantly, clinical exam 
is the best tool to determine the additional 
investigations needed to have a defi nitive 
diagnosis and lead to address the problem in 
the most effective manner.     
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6.1            Radiographic Evaluation 
of the Patellofemoral Joint 

 Patellofemoral syndrome is the most common 
cause of knee pain in young active patients, and 
although its aetiology is multifactorial, there is an 
apparent consensus that the most common cause is 
the extensor mechanism dysfunction caused by 
patellofemoral malalignment [ 1 ]. Due to the com-
plexity for determining the precise aetiology, addi-
tionally to an accurate physical examination, 
radiographic approach is needed to identify those 
anatomic factors. In most cases, standard radio-
graphs are suffi cient for evaluating those anatomic 
abnormalities [ 2 ,  3 ]. In specifi c or complex cases, 
additional studies such computerised tomography 
(CT), magnetic resonance (MRI), bone scan (BE) 
or ultrasonography may be required. 

 Clinical applications and interpretation of the 
most commonly standard radiographs and imag-
ing studies for diagnosis and decision-making of 
treatment are presented. 

6.1.1     Clinical Applications 

 From a clinical point of view the most widely     
nomenclature used is given by the French group 
that classifi es clinical patellofemoral problems in 
three categories: (1) objective instability with ana-
tomic factors, patients with recurrent patellofemo-
ral dislocation; (2) potential instability, patients 
without dislocation but with pain and anatomic 
factors present; and (3) pain caused for overload 
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of the joint for functional imbalance between 
the forces controlling patellar tracking, patients 
with pain without instability or anatomic factors. 
Although no clear evidence of incluencia that 
anatomical factors play in the causation of pain 
your assessment is necessary [ 4 ].  

6.1.2     Standard Views 

    AP View 
 This projection must be taken with patient in nat-
ural standing position to avoid a distorted inter-
pretation of the position of the patella [ 5 ]. 

 By obtaining standing AP views of the knee in 
normal alignment for the patient, the relationship 
of the patella to the femur will be shown, as it 
exists under normal standing conditions. These 
should be taken in full extension and to 30° of 
knee fl exion. A careful evaluation of the AP or 
PA radiograph can determine whether there is a 
high- or low-riding patella. Finally, patellar and 
condylar measurements may be taken also from 
an accurate evaluation of this projection. In gen-
eral, a standing AP view is most appropriate, so 
that medial or lateral articular cartilage loss (joint 
space narrowing) may be detected (Fig.  6.1 ).

       Lateral View 
 The lateral projection may be taken in the lat-
eral decubitus position or standing with the knee 
fl exed to 30° to place the patellar tendon under 
tension. The beam must be centred on the tibio-
femoral joint line. Patellar height and thickness 
can be measured on this view. An exact lateral 
projection was described by Maldague and 
Malghem, in which the femoral condyles are 
overlapped. It is necessary to have precise lateral 
radiograms in AP and lateral view. 

 Through this view, the clinician can obtain 
fairly good knowledge of the patella. 

 General morphology, patellar height and thick-
ness can be measured. Also, subchondral sclerosis, 
peripatellar tendon calcifi cations and evidence of 
arthrosis can be determined. Lund and Nilsson 
described a shallow excavation or subchondral cyst 
in most patients with proven chondromalacia [ 3 ]. 

 This view provides the functional rela-
tionship of the patella to the tibia and, more 

 important, of the patellar facets to the femur. 
The lateral view provides information regard-
ing patellar rotation (tilt) with the patient in 
weight-bearing position. In most patients, this 
projection is taken at 30° of knee fl exion. Thus, 
one can be able to get a more functional view 
of patellar rotation in weight bearing. Several 
authors reported the sensitivity and reliability of 
the lateral view compared to routine axial radio-
graphs [ 6 ,  8 ]. The precise lateral view taken in 
standing position, let us evaluate patellar tilt and 
trochlear morphology [ 7 ] including trochlear 
depth. Dejour and his group studied the troch-
lear morphology in the lateral radiograph of the 
knee (Fig.  6.2 ).

   To determine patella’s height most used 
are Blumensaat’s line and Insall-Salvati ratio, 
although they have been demonstrated being 

  Fig. 6.1    AP view   . Patellar and condylar height and width 
can be measured. Position of the patella. Tibial plateau 
dimensions and tibial spine can also be assessed.  PH  
patella heigth,  PW  patella width,  CH  condylar heigth, 
 CW  condylar width       
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inaccurate. Blumensaat’s line is not completely 
reliable because there is  sometimes diffi culty to 
identify the ventral border of the intercondylar 
fossa (Blumensaat’s line), in addition to the wide 
variability of the state of the roof of the intercon-
dylar notch of the femur. However, Insall-Salvati 
ratio lacks sensitivity because of variations in 
patella morphology (Grelsamer and meadows). 
Blackburne and Peel proposed a modifi cation of 
this ratio using the tibial articular surface as ref-
erence. The normal reference of this ratio is 0.8. 
Caton et al. described a similar method. 

 Finally, Bernageau and Goutallier pointed out 
the importance of describing the patellar articular 
surface as it relates to the proximal central troch-
lea. Recently, Biedert and Albrecht [ 9 ,  10 ] pro-
posed a new index for assessing the length of the 
lateral articular trochlea as predisposing factor 
for patellar instability.  

    Axial (Tangential) View 
 This view provides valuable information regard-
ing the anatomy and understanding of functional 
disorders. There are several techniques for taking 

a tangential patellar radiograph which are taken 
with knee fl exion ranging from 20 to 115 degrees. 
The most common projection is called “sunrise 
view” taken at 115°. Mild abnormality may be 
missed due to the degree of knee bending that is 
required in this projection. 

 Laurin 20° and Merchant 45° have been most 
used. These techniques can induce the possibility 
of erroneous interpretations because technically it 
is impossible to detect maltracking of the patella 
in the fi rst 20–30° of fl exion [ 11 ]. However, a 
good axial radiograph can be useful in evaluating 
patellofemoral disorders in basic approach. 

 With the axial projection of Merchant view, the 
groove angle and angle of congruency can be mea-
sured. Normally, the groove angle, which is formed 
by the highest points of the femoral condyles and 
the deepest point of the intercondylar groove, is 
about 138°. The congruence angle is obtained 
drawing two lines: the fi rst line is the bisection of 
the femoral Groove angle and the second line is 
drawn from the lowest  point of the articular margin 
of the patella to the deepest point of the Groove. 
When the deepest point of the knee cap edge lies 
medial to the reference line, a negative value is 
assigned to the angle formed; when placed side to 
the reference line, a positive value is assigned. In 
their study, the average congruence angle was −6°. 
It was observed that the angles of +16° or higher 
were associated with different patellofemoral disor-
ders, particularly lateral subluxation of the patella. 
Sometimes, patellofemoral disorders may require 
additional tangential projections obtained with a 
knee fl exion of 30, 60 and 90º of fl exion [ 12 ]. 

 Fulkerson [ 1 ] has found two measurements to 
be most helpful: the Laurin lateral patellofemoral 
angle (patellar tilt angle) and Merchant congru-
ence angle (Fig.  6.3 ).

6.2          Computed Tomography 

 Computed tomography (CT) is a technique that 
allows imaging in different degrees of fl ex-
ion using the midtransverse patella as a stable 
plane of reference. Omitting image overlap and 
 distortion CT, let us defi ne accurately the relation-
ship between the midtransverse patella and the 
femoral  trochlea. It is impossible to note a variety 

  Fig. 6.2    Lateral radiograph of 30° of fl exion. 
Blumensaat’s    line in  yellow . The method of Insall-Salvati 
in  white . Comparing patella length PL and patellar tendon 
PT. Normal ratio is 1 with a + 2 or −2. Caton in  red  dem-
onstrates the importance of considering articular length in 
evaluating patellar height       
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of different tracking patterns that are not as well 
defi ned using standard axial radiography [ 13 ]. 

 It is also possible to make measurements with 
quadriceps contraction which, as described in the 
literature, increases sensitivity by detecting 
abnormal deterioration in patients with normal 
values at rest [ 13 ]. Evaluation of patellofemoral 
congruence with the quadriceps both contracted 
and relaxed may improve sensitivity. Moreover, 
selectively (Fulkerson) using the sensitive CT 
criteria, one can recognise that tilt may occur 
with or without subluxation. 

6.2.1     Advantages of CT 

•     Allowing a true axial view of the patellofemo-
ral joint  

•   Ease of patient positioning  
•   Ability to reliably image the patellofemoral 

joint in multiple degrees of fl exion     

6.2.2     Patient Position 

 Place the patient in a lateral decubitus position. 
Place a spacer between the knees and ankles to 
create an alignment similar to a relaxed stance. 
Scan through the patellar apices at 0, 20, 30, 40 
and 50° of fl exion. At each degree of fl exion, ask 
the patient contract his or her quadriceps mus-
cles. Assess four aspects of alignment: depth of 
the femoral trochlea (Fig.  6.4 ).

   Measure the opening angle of the trochlea, 
which is 138° on an average. Schoettle et al. [ 11 ] 
reported that an increase in this angle is defi ned 
as trochlear dysplasia. It determines, in axial 
section, an angle between the deepest point of 
the trochlea and anterior uppermost points and 
both femoral condyles. Third medial side of the 
axial slide of CT is the cutting recommended for 
this measurement [ 12 ]. Determine the existence 
of trochlear dysplasia, if the angle is greater than 
140° (Fig.  6.5 ).

  Fig. 6.3    ( a ,  b ) Congruence angle. (1) Bisect the angle of 
the femoral trochlea. (2) Draw a line from the apex of the 
femoral trochlea through the apex of the patella. The 
angle between these two lines is the congruence angle 

(CA). If the patellar apex is medial to the trochlear apex, 
the CA is negative. If it is lateral, the CA is positive con-
sidering patellar displacement       

a b 
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6.2.3        Evaluating the Measurements 

 The femoral trochlear angle or sulcus angle will 
normally decrease with increasing fl exion. 
Normal femoral trochlear angle is <130°. Some 
studies have indicated a normal trochlear angle as 
high as 156°. The femoral trochlear angle and 
femoral trochlear depth will decrease with 
increasing fl exion in the normal knee.  

6.2.4     Signifi cance of Measurements 

    Normal Values 
 Several studies have been performed to deter-
mine normal values in asymptomatic knees and 
results show a wide range with patellar displace-
ment and patellar tilt being the most specifi c and 
sensitive indicators of patellar malalignment [ 13 , 
 14 ]. There is no agreement on what constitutes 
normal anatomy of the patellofemoral joint. 

Each measurement has an associated cause or 
underlying anatomic abnormality. Shallow fem-
oral trochlear depth and angle indicates trochlear 
dysplasia or sequelae of previous dislocation 
as well as predisposition to recurrent patellar 
dislocation. 

 An abnormal patellar tilt and angulation indi-
cates a tight lateral retinaculum, defi cient medial 
ligamentous support or malposition of the distal 
extensor mechanism (the tibial tubercle). 
Identifi cation of the anatomic abnormality allows 
the orthopedist to select the appropriate treatment 
for the patient (Fig.  6.6 ).

    The patellar displacement and patellar angula-
tion will remain relatively constant throughout 
fl exion in the normal knee but may increase with 
quadriceps contraction and decrease with pro-
gressive knee fl exion. There are no absolute 
radiographic measurements that indicate surgical 
correction. 

  Fig. 6.5    To measure patellar displacement. (1) Draw a 
line parallel to the femoral condyles. (2) At 90° to the fi rst 
line, draw one line intersecting the patellar apex. Then 
draw a line bisecting the trochlear apex. The difference 
between the second and third lines is the measurement of 
patellar subluxation. If negative, the patella is medial; if 
positive, the patella is lateral to the femoral trochlea       

  Fig. 6.4    The femoral trochlear depth ( FTD ). (1) Draw a 
line parallel to the femoral condyles. (2) Draw a  second  
line parallel to the fi rst at the deepest point of the femoral 
trochlea. (3) Draw a  third  line parallel to the highest points 
of the medial and lateral aspects of the trochlea. Measure 
between the  second  and  third  lines at the trochlear apex       
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 Each individual measurement should be 
considered as only one aspect of the patient’s 
potential problem. Even meticulous radio-
graphic evaluation is no substitute for a 
thorough history and careful physical exam. 
Several studies have been performed to deter-
mine normal values in asymptomatic knees, 
and results show a wide range with patellar 
displacement and patellar tilt, being the most 
specific and sensitive indicators of patellar 
malalignment.  

    Conclusions 
 CT of the patellofemoral joint can be used to 
identify the anatomic abnormalities contributing 
to patellofemoral pain and help determine the 
patient’s therapeutic options.    

6.3     Magnetic Resonance 
Imaging 

 MRI has been used as systematised approach to 
evaluate patellofemoral joint in complex cases 
and whenever there is a need specifi cally for soft 
tissue imaging [ 15 ,  16 ]. MRI is a common indi-
cation in young patients with knee pain. Many 
static and dynamic internal derangements of the 
patellofemoral joint in these patients lead to vari-
ous secondary MRI fi ndings. Intra-articular frac-
tures, neoplasms and Hoffa’s fat pad oedema 
causing maltracking may be identifi ed [ 17 ]. 

 It is the most effective noninvasive method 
currently available in the evaluation of articular 
cartilage injury. Many researchers agree that 
MRI is more useful for evaluating moderate to 
advanced patellar cartilage damage [ 18 ]. Patients 
with chondromalacia patellae have focal defects 
on T2-weighted images. Currently computer 
software for cartilage evaluation “CartiGram” 
improves MRI sensitivity in detecting soft but 
unbroken patellar articular cartilage [ 18 ,  19 ]. 

 Kinematic MRI and CT studies exploit these 
dynamic patellofemoral relationships by imaging 
patients in varying degrees of knee fl exion and 
extension [ 20 ]. However, these studies demand 
pre-performance optimisation, patient coopera-
tion and signifi cant interpreter skill. Although 
MRI is an increasingly reliable study its diagnos-
tic accuracy is still not infalible [ 21 ].  

6.4     Other Imaging Techniques 

 Arthrography is rarely necessary since MRI is 
available. Bone scintigraphy may be helpful in 
the evaluation of patients with resistant anterior 
knee pain that has not responded to conventional 
nonoperative treatment, mainly in cases with sig-
nifi cant trauma to the patella, to rule out the pos-
sibility of major patellar disease [ 22 ,  23 ]. 

 Ultrasound is an expertise hand-dependent 
imaging technique with a sensitivity rate of 92 %. 

 It is limited to peripatellar tissue evaluation [ 24 ]. 
 Three-dimensional reconstruction (3D) using 

CT may be particularly helpful in diffi cult cases 
involving fracture, dysplasia or patellofemoral 
deformity.     

  Fig. 6.6    Patellar tilt angle (PTA). (1) Draw the fi rst line 
parallel to the posterior femoral condyles. (2) Draw the 
 second  line parallel to the fi rst at the patellar apex. (3) The 
angle between the lateral patellar facet and trochlea       

  Fig. 6.7    Representative MRI sagittal T2-weighted images 
obtained in a subject with a 5.1 % increase in cartilage T2 
joint effusion. The focal cartilage defect overlying medial 
facet of the patella. However, there was interval develop-
ment of signal heterogeneity in the lateral facet of the patel-
lar cartilage which is suggestive of early degeneration       
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7.1            The Multifactorial Issues 
on Patellofemoral Joint 

 The problematic of patellofemoral cases is set 
in several aspects. The anterior knee pain that is 
related to patellofemoral joint is the most com-
plex and problematic pathological condition of 
the knee; on the other hand, it is among the less 
understood and one of the most neglected [ 1 – 6 ]. 
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In addition, patellofemoral disorders have a high 
incidence, representing between 20 and 40 % 
of the knee problems [ 7 ] and affecting one of 
the most active population sectors – the young 
adults – with high intensity and a strong nega-
tive long-term social impact for health economy 
and life quality, especially considering its asso-
ciation with osteoarthritis [ 1 ,  2 ]. Actually, the 
correction of structural abnormalities of patel-
lofemoral articulation, if performing a correct 
and meticulous diagnosis, may have a crucial 
role on prevention or delay of the development of 
patellofemoral arthrosis [ 8 ,  9 ], which represents 
unestimated costs for national health services 
worldwide. 

 Pathology related to the patellofemoral joint 
results from several anatomical and biomechani-
cal factors related to osseous and soft-tissue 
abnormalities, such as [ 4 ,  5 ,  8 ,  10 – 18 ] (1) troch-
lear dysplasia, (2) quadriceps dysplasia, (3) 
excessive distance between the tibial tubercle and 
the trochlear groove, and (4) patella  alta . These 
fi rst four osseous abnormalities are directly 
linked to the four main factors for patellar insta-
bility, defi ned by Henri Dejour et al. (1994) [ 8 ]. 
Additionally, other situations can conduce to 
instability of the patellofemoral joint [ 4 ,  11 ,  14 , 
 19 – 23 ]: (5) torn medial patellofemoral ligament 
(MPFL), (6) weakened  vastus medialis obliquus  
(VMO), (7) the length of the patellar tendon, (8) 
excessive femoral anteversion, and (9) excessive 
tibial external rotation. 

 In    sum, the involving problematic arises from 
several issues such as (1) high complexity of 
patellofemoral joint biomechanics and subse-
quently of its pathological cases [ 4 – 7 ,  24 ,  25 ]; (2) 
discrepancy in the defi nition of what is consid-
ered normal [ 1 ,  2 ,  8 ,  17 ,  20 ]; (3) ambiguous defi -
nition of patellofemoral disorders, as long as they 
share a common thread with and have impact on 
nearly all knee conditions [ 1 – 4 ,  6 ,  26 ]; (4) lack of 
correlation between symptoms and physical and 
radiological fi ndings that often occurs [ 5 ,  6 ,  27 ]; 
and, additionally, (5) a multifactorial etiology 
that intensifi es the misunderstanding of the phys-
iopathology [ 17 ,  20 ], compromising (6) the diag-
nosis, which per se is actually not perfectly 
performed [ 8 ,  28 – 31 ]. The limitations on the 
etiopathogenic understanding interfere in the 

assessment and subsequent fi nal diagnosis of the 
patellofemoral cases, hence limiting the choice of 
most adequate therapeutics [ 1 ,  28 ,  29 ].  

7.2     Patellofemoral Joint 
Evaluation 

 Patellofemoral disorders are initially diagnosed 
on clinical history [ 10 ,  32 ]. There are important 
questions that must be asked and answered when 
evaluating a patient with anterior knee com-
plaints, related to location, duration, timing of 
symptoms, past history, trauma history, occupa-
tion, and general and specifi c sports history, 
among other specifi cations that will contribute to 
analyze previous events or complications that 
could affect the patient [ 10 ,  33 ]. 

 The subsequent step of evaluation is the most 
important task; however, the physical examina-
tion is often performed improperly, presenting an 
assortment of fl aws [ 10 ,  28 ,  29 ,  31 ,  34 ,  35 ]. 
It consists of a physical assessment, in which 
manual strength is applied on the patella and 
whose validation is governed by the manifesta-
tion of pain by the patient, not showing accuracy, 
precision, or reproducibility of the method and 
being intrinsically dependent on the experience 
and skills of the examinant. 

 A wide range of clinical tests, scores, and 
indexes are available for patellofemoral joint 
evaluation    [ 28 ,  29 ,  36 ,  37 ], from which can 
be highlighted specifi c indexes, as follows: 
Insall- Salvati [ 38 ], modifi ed Insall-Salvati [ 39 ], 
Blackburne-Peel [ 40 ], Caton-Deschamps [ 41 , 
 42 ], and Labelle-Laurin et al. [ 43 ], among others, 
established decades ago and most of them still 
currently applied. Nonetheless, their sensitivity 
and specifi city, as well as reliability and valid-
ity, still remain unclear [ 10 ,  13 ,  28 ,  29 ], so, in 
general, the majority of these evaluation tools 
are more qualitatively than quantitatively use-
ful. Furthermore, a usual poor interobserver reli-
ability is known among clinicians and may be 
due to all of this differing examination methods 
worldwide [ 13 ,  29 ,  44 ]. Therefore, there is no 
supported accuracy and/or validity for the exis-
tent methods, and none is suitable for universal 
application. 
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 The last diagnostic step, the imaging exam, 
allows the measurement and quantifi cation of 
some indexes described above, in order to evaluate 
the infl uence of the instability factors [ 8 ,  14 ]. 
There is a wide variety of imaging techniques that 
can be applied on the systematic study of the patel-
lofemoral articulation, each one of them having 
diverse advantages and disadvantages [ 45 – 47 ]. 
Standard radiographs, CT scan (computed tomog-
raphy scan), and MRI (magnetic resonance imag-
ing) are the most common applied techniques for 
the diagnosis by image [ 46 ]. However, only MRI 
allows for the simultaneous evaluation of all the 
structures that constitute the complexity of patel-
lofemoral joint, distinguishing the different human 
tissues and, consequently, being the most com-
plete imaging technique [ 48 ,  49 ]. Besides that, 
MRI presents excellent sensitivity and specifi city 
when applied to MPFL lesions [ 48 ]. On the other 
hand, also CT scan is essential since it allows the 
quantifi cation of small bone defects in a reliable, 
fast, simple, and easily reproducible way, which is 
crucial for surgical planning [ 45 ,  47 ]. 

 In order to obtain a complete diagnosis, the 
aforementioned diagnostic phases should be taken 
as complementary procedures, never replacing 
each other [ 45 ]. However, it is diffi cult to establish 
a correlation between these phases, mainly because, 
due to physical space limitations and incompatibil-
ities related to imaging devices, they cannot yet be 
simultaneously performed [ 1 ,  2 ,  46 ]. 

 Facing the arguments presented, the majority 
of the cases are recurrently misdiagnosed [ 6 ,  50 , 
 51 ]. As long as they cannot accurately measure 
the severity of the injuries, current evaluation 
tools also fail in predictive and indicative value of 
additional health complications and therapeutic 
or preventive strategies. Resultant diagnostic 
errors are serious and can even lead to unneces-
sary interventions [ 1 ,  5 ,  6 ]: (1) surgery instead of 
applying a conservative physical rehabilitation or 
opposing to the previous and (2) surgical proce-
dures not addressing critical problems (e.g., 
MPFL insuffi ciency). 

 An appropriate diagnosis, applying dynamic, 
anatomical, and functional assessment and objec-
tive, reliable, and reproducible methodology, should 
be expected in the near future, in order to accom-
plish the most adequate treatment to the patient.  

7.3     Anatomical and Functional 
Patellofemoral Joint 
Assessment 

 Several authors alert to the fact that it would be 
convenient to reach a better understanding of 
the kinematics of the patellofemoral joint and its 
stabilizing mechanisms, specially the contribu-
tion of the patellar ligamentous passive restraints 
[ 52 ]. Due to this fact, some studies have been 
addressing to the analysis of patellofemoral 
joint behavior, from anatomical to functional 
evaluation, in vitro [ 53 – 57 ] or in vivo [ 58 ,  59 ]. 
Nonetheless, most of these studies are focused 
on the joint kinematics thus presenting limita-
tions on the dynamic articular evaluation and 
lacking on biomechanical and clinical important 
aspects, such as on the understanding of collat-
eral effects of soft-tissue damage (such as on the 
 vastus medialis obliquus  or medial patellofemo-
ral ligament) [ 60 ]. 

 On the other hand, in the last decades, few 
patents have been applied describing medi-
cal devices for patellofemoral joint assessment, 
from which some examples should be taken into 
account; see Table  7.1 . Generally, their develop-
ment is based in mechanisms intended to more 
objectively evaluate the kinematics of this joint. 
In 1987, Kurt Groeben [ 61 ] published a patent 
supporting the invention of a device for detect-
ing a patellar anomaly which permits quantitative 
measurement of the changes in position and incli-
nation, as well as of the pressure sensitivity of the 
patella in a particularly simple manner. Five years 
later,  Medmetric Corporation  claims an inven-
tion [ 62 ], by D.M. Daniels and K.R. Watkins, of 
a device for the evaluation of the patellofemoral 
joint integrity that was able to position against 
the patella and measure linear displacement of 
the patella in response to a lateral force, which 
magnitude applied is correlated with the degree 
of leg fl exion (relaxed muscles). Again, in 1998, 
 Medmetric Corporation  claims another  invention 
[ 63 ], by K.R. Watkins and D.C. Fithian, of a 
device with exactly the same purpose and func-
tions as the previous one, but with an upgrade, that 
is, a monitor which measures the  displacement 
of the patella. Already in 2005, Castillo, Leitner, 
and Reese [ 64 ] describe a device for  measuring a 
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   Table 7.1    Most signifi cant publications of mechanisms for patellofemoral joint assessment   

 Publication date  Publication title  Inventors  Publication type  Scheme/image 

 12/11/1987  Device for detecting 
a patellar anomaly 

 Groeben, Kurt   DE  3615675  A1  

  

1

70

76

12

36

46

43430

40

9

2

7

5

8
6

    

1

 
 20/10/1992  Patella displacement 

measuring device 
 Dale M. 
Daniels, K. 
Richard 
Watkins 
(Medmetric 
Corporation) 

  US  5156163  A  

  

300240 236
238

234
272

264
274
258

256244 238

224
232

294
232

228
272

276
278

302
306

304
310
308226

296
266

262
260 254

222

232230

268

210

248

284

282

288

250
252

280b 280c246
280a

220

242

290

286

    

2

 
 11/01/2000  Patella displacement 

tester 
 Donald C., 
Fithian, K., 
Richard 
Watkins 
(Medmetric 
Corporation) 

  US  6013039  A  

  

138
18

148
128

12

30

14

16

52

28

36
34

38
56

57

50

20 54
126

10

    

3

 
 09/06/2005  Measuring device  James 

Castillo, 
Bernhard 
Leitner, Isaac 
Reese 

  US  2005/0124919  A1  

  

173 113
112

122 123
110°

110

152

155
162

153
159
163

185

169
Point of
Rotation

Point of
Rotation

111

172

100

175

132
133

130

142
143

179

178

120

    

4

 
 2006  Concurrent 

criterion- related 
validity and 
reliability of a 
clinical device used 
to assess lateral 
patellar displacement 

 Ota S. et al.   Journal Of 
Orthopaedic and 
Sports Physical 
Therapy  

      

5

 
 14/08/2008  System and method 

for diagnosing and 
treating patellar 
maltracking and 
malalignment 

 Li-Qun Zhang 
(London 
Metropolitan 
University) 

  WO  2008/097752  A2  

  

200

400b

400a

400
422

420

400c

410
412

300

    

6

 

 14/08/2008   US  2008/0194997  A1  
 12/03/2009   WO  2008/097752  A3  

 03/03/2010  Patella position 
measuring device 

 Kevin Daniel 
Campbell-
Karn (London 
Metropolitan 
University) 

  GB  2463061  A  

  

102 104

64

66

100
64

24

2022
20

16

    

7

 

 04/03/2010   WO  2010/023478  A1  
 20/07/2011   EP  2344037  A1  
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body part of a patient, which contains an embodi-
ment including a reference component, with ref-
erence point, capable of being secured to a body 
part, and an articulated measurement arm mov-
ably coupled to the reference component that 
includes multiple sections, each section having 
a measurement point, associated with a plural-
ity of sensors, capable of providing a plurality 
of data suffi cient to allow determination of the 
position of each measurement point relative to 
the reference point. In the scientifi c context, in 
2006, Ota et al. [ 65 ] have performed a study to 
assess the concurrent criterion- related validity 
and reliability of a patellofemoral arthrometer, 
used as an instrument to measure the patellar lat-
eral displacement, achieving, respectively, good 
and excellent ICCs of agreement level (between 
MRI and device measures) and intra-/inter-tester 
reliability. Returning to patents, between 2008 
and 2009, the Rehabilitation Institute of Chicago, 
by Li-Qun Zhang, claims the invention [ 66 ] of 
a system and method for in vivo, noninvasive 
diagnosis of patellar and scapular malalignment 
and maltracking that includes a patella-engaging 
apparatus, which has a member with a custom-
contoured posterior surface that is confi gured to 
engage the anterior surface of a subject’s patella. 
Through a plurality of markers, an analysis sys-
tem    optically tracks the member motion. Just 
2 years later, London Metropolitan University 
claims an invention [ 67 ,  68 ], by K. D. Campbell-
Karn, which respects to a device for measuring 
lateral position of the patella relative to the femur 
of an individual. It is constituted by two calipers, 
each one of them with a pair of jaws capable of 
movement toward and away from each other, in 
order to contact the outer edges of the patella or 
the femur, respectively, and includes measuring 
means to measure the lateral displacement of the 
fi rst pair of jaws to the second one.

   Nonetheless, these proposed solutions pres-
ent several limitations. First of all, ferromag-
netic materials are used in these devices, which 
make them unsafe and incompatible with MRI 
or CT scan devices, interfering with the image 
processing and representing a risk for patient 
safety. Therefore   , its use with MRI and CT scan 
is impracticable and does not allow the accurate 
examination of soft-tissue structures and precise 

articular position. Moreover, on the scope of 
patellofemoral articular movements/kinematics, 
their application would be limited, once they 
just intend to determine patellar lateral position/
inclination (1,4, 7) or motion/displacement (2,3, 
5, 6), although few exceptionally consider load-
ing (2,3). Actually, they were not widely used in 
the clinical practice nor scientifi c research, or 
even did not reach the market, refl ecting their 
limitative application. 

 Further research and ongoing work has been 
focused on the development of an accurate and 
comprehensive assessment of the patellofemoral 
joint, exploring its whole kinematics; quantify-
ing biomechanical interactions, alterations, and 
consequences; as well as characterizing clini-
cal susceptibility to further damage. Through a 
mechanical system (ideally inert to magnetic 
fi elds), one should be able to apply a controlled 
loading force acting on the patella in order 
to move it along different axes and plans; see 
Fig.  7.1 . The displacement caused in the joint 
elements would be subsequently detected and 
precisely measured in the images reproduced by 
the MRI, CT scan, or any other imaging equip-
ment used. Furthermore   , such tests could enable 
to increase our dynamic understanding of the 
patellofemoral joint under pathologic conditions 
(correlated to patient complaints) and to better 
understand its normal kinematics; see Fig.  7.2 .

    Such application could have the potential to 
fi nd specifi c parameters (load, pressure, disloca-
tion, and so on), and such data, translated in valu-
able information, can be useful for innumerous 
fi ndings as follows:
    1.    Verify, by comparison between normal and 

pathological condition, if some of these 
parameters are embodied as diagnostic 
indicators.   

   2.    Detect standard values for these parameters, 
to try to defi ne a boundary between normal 
and pathological condition.   

   3.    Identify values which can have clinical corre-
lation to be considered factors of pathological 
risk (e.g., for the case of subluxation).   

   4.    Establish correlations between patients’ 
complaints and imaging fi ndings, to try to 
fi nd sustainable explanations for current 
misunderstandings.     
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 By using and identifying them as criteria, the 
results obtained may constitute important clinical 
information for treatment, rehabilitation, and pre-
vention purposes.  

7.4     Final Remarks 

 Owing to its complexity, many researchers have 
been studying the problematic of the patellofem-
oral cases for a better understanding and evalua-
tion, aiming to demystify and to globalize 
concepts and methodologies. Nonetheless, in 
spite of all the efforts, no published work has 
 presented yet a complete solution for the specifi c 
purpose within this discussion. 

 The approach under development consists not 
just in the development of a new methodology 
but also in a subsequent defi nition of diagnosis 
criteria. The methodology will ideally perform an 
objective measurement of the patellofemoral 

instabilities, through a kinematic evaluation of 
this joint simultaneously with imaging support. 
Thereafter, diagnosis criteria could be identifi ed 
and will be possible to standardize, as result of a 
battery of clinical tests performed worldwide. 
Beyond    the paramount importance, these are 
completely innovative aspects; both device/meth-
odology and standard criteria are not yet avail-
able nowadays for patellofemoral joint evaluation. 
New paradigms may be established as conceptual 
framework guiding further development of 
research and accounting for a great scientifi c 
breakthrough.     
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8.1            Introduction 

 Patellofemoral pain syndrome (PFPS) is one of 
the most common diagnoses among young, phys-
ically active populations, affecting 1 in 4 athletes 
with more than 70 % being between 16 and 25 
years old [ 1 – 4 ]. Many researchers have tried to 
identify predisposing factors for this ailment. The 
general consensus is that the etiology of patello-
femoral pain remains enigmatic and multifacto-
rial and may include intrinsic (skeletal alignment, 
soft tissue imbalance, biomechanical infl uences) 
and extrinsic (environment, equipment) risk fac-
tors [ 2 ,  5 ,  6 ]. 

 Lateral tracking of the patella has been 
 hypothesized to contribute to the development of 
patellofemoral pain [ 7 – 9 ]. In healthy individuals, 
during knee fl exion the contact area between the 
femur and the patella moves along both the troch-
lear groove and the articular surface of the patella. 
In early fl exion, the contact is at the distal and lat-
eral edge of the patellar articular surface, and dur-
ing fl exion it moves proximally. The lateral facet 
of the trochlear groove counteracts subluxation of 
the patella during extension and early fl exion. The 
patella engages the groove at 20° of fl exion. Thus, 
between 20° of fl exion and full extension, the func-
tion of the patella depends on factors other than 
the bony architecture of the patellofemoral joint 
[ 2 ]. This relationship may be disturbed due to a 
variety of anatomical factors such as  dysplasia of 
the  femoral condyles, patella alta, genu valgum, 
increased femoral anteversion, lower extremity 
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malalignment with an increased Q angle, general-
ized hyperlaxity, and a laterally positioned tibial 
tuberosity [ 10 ]. For example, patients with patella 
alta were shown to have greater lateral displace-
ment and tilt as well as decreased contact area when 
compared to a control group [ 11 ]. All these factors 
should be considered in the clinical investigation 
for the etiology of PFPS. Several studies have pro-
posed an anatomical-biomechanica explanation for 
the etiology of PFPS. External tibial rotation, rear-
foot motion, internal femoral rotation (Fig.  8.1 ), 
and imbalance of the femoral muscles have been 
suggested to contribute to PFPS [ 12 – 21 ]. With the 
use of kinematic, kinetic, and electromyographical 
(EMG) equipment, investigators have attempted 
to fi nd differences between healthy subjects and 
those with PFPS that may shed light in the etiology 
of the disease. However, these fi ndings should be 
interpreted with caution as it is diffi cult to know if 
they pre-existed the disease or developed as com-
pensatory mechanisms. The following sections 
summarize the fi ndings of the studies that investi-
gated biomechanical factors around the knee, distal 
to the knee, and proximal to the knee. Finally, we 
summarize prospective studies that have a higher 
potential to identify predisposing factors.

8.2        Factors Around the Knee Joint 

 As the quadriceps exerts direct forces on the 
patella, it has been suggested that imbalances 
between the medially and laterally directed 
 muscular forces applied to the patella by the 

vastus medialis and the vastus lateralis muscles, 
respectively, can contribute to PFPS. No  consensus 
has been achieved regarding the relation between 
vastus muscles activity and PFPS or abnor-
mal movement of the patella [ 12 – 17 ,  19 – 21 ]. 
Interestingly, Powers et al. [ 13 ] found that patients 
with patellofemoral pain exhibit decreased activ-
ity of all vastus muscles during level walking and 
ramp ambulation and proposed the “quadriceps 
femoris muscle avoidance gait.” Salsich et al. [ 22 ] 
examined ascending and descending in patients 
with patellofemoral pain. They identifi ed reduced 
cadence while descending and decreased peak 
knee extensor moment during both ascending and 
descending, which is also suggestive of quadri-
ceps avoidance. Quadriceps avoidance has also 
been identifi ed in stair climbing [ 1 ,  22 ]. It has 
been advocated that it could be due to a forward 
trunk lean, which brings the center of pressure 
closer to the knee joint. In addition, no consensus 
exists regarding changes in knee fl exion in patients 
with patellofemoral pain [ 1 ,  5 ,  6 ,  22 – 25 ], while it 
has been shown that joint pressure is greater while 
descending than while ascending, which can 
explain the greater amount of pain reported by the 
patients during this activity [ 1 ].  

8.3     Factors Distal to the Knee 

 Rearfoot eversion is coupled to medial rotation of 
the tibia during the weight acceptance portion of 
the stance phase in running [ 26 ,  27 ]. In addition 
Nawoczenski et al. [ 28 ] studied the coupling pat-

  Fig. 8.1    3D skeletal model of an adult male performing a single-limb hop task   . A combination of rearfoot eversion, 
knee valgus, hip adduction, and internal rotation is observed       
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tern between tibial medial and lateral rotation 
and calcaneal eversion and inversion throughout 
the stance phase in healthy individuals during 
treadmill running. They concluded that individu-
als with high arched feet showed magnitudes of 
rotations favoring tibial medial and lateral rota-
tion over calcaneal eversion and inversion. In lieu 
of these fi ndings, Dierks et al. [ 29 ] examined the 
relationship between arch structure and knee 
kinematics in runners after a prolonged run. 
However, no difference in arch height was noted 
between the runners with patellofemoral pain and 
the control group, while no association was 
observed between arch height and peak knee 
adduction angle during running. 

 Grenholm et al. [ 30 ] studied stair descending 
in women with patellofemoral joint pain and 
showed greater plantar fl exion in the swing leg in 
preparation for foot placement, which was inter-
preted as a compensatory mechanism. Recently, 
it has been experimentally demonstrated that 
patellofemoral stress increases with increasing 
shoe heel height [ 31 ]. Clinicians should consider 
educating their female patients with PFPS on 
reducing the time spent in high-heel shoes. In a 
systematic review by Barton et al. [ 32 ], it was 
concluded that both delayed timing and excessive 
rearfoot eversion motion are linked to PFPS.  

8.4     Factors Proximal to the Knee 

 Several scientists have also studied the other end 
of kinetic chain and the relationship between 
patella disorders and hip and pelvis motion. Lee 
et al. [ 33 ] suggested that with internal femoral 
rotation, the lateral articular surface of the troch-
lea impinges upon the lateral articular facets of 
the retropatellar surface and thus pushes the 
patella medially. In a previous study Lee et al. 
[ 34 ] demonstrated the relationship that exists 
between femoral rotation and patellofemoral 
pressure. However, signifi cant increases in patel-
lofemoral pressure were noted in femoral rotation 
greater than 20°. Therefore it is likely that there is 
an association between  patellofemoral joint disor-

ders and alterations of the biomechanics of the hip 
joint. 

 Mascal et al. [ 35 ] presented two patients with 
patellofemoral pain who were treated with an 
exercise program targeting the pelvis, hip, and 
trunk musculature. Before treatment, they both 
exhibited excessive hip adduction during weight 
acceptance, excessive internal hip rotation in 
early midstance, and notable contralateral pelvic 
drop during midstance while walking. Hip 
adduction, internal rotation (in the stance limb), 
and contralateral pelvic drop were noted in the 
step- down task as well. All these factors, as well 
as symptoms, were improved after treatment 
focusing on recruitment and endurance training 
of the hip pelvis and trunk musculature. 
Weakness in hip abduction and external rotation 
has been identifi ed in females with patellofemo-
ral pain using isometric strength measurement 
[ 36 ]. Willson and Davis [ 37 ] showed that in 
women with patellofemoral pain during single-
leg squat, there is medial displacement of the 
knee which is associated with increased hip 
adduction and knee external rotation. Souza 
et al. [ 38 ] also showed that there is increased 
internal femoral rotation in the same population 
during running, drop jump, and step-down move-
ments. They also noted that this population is 
characterized by decreased hip muscle strength. 
However, they recorded increased gluteus maxi-
mus muscular activity. This was interpreted as 
recruitment of a weakened muscle perhaps in an 
effort to stabilize the hip joint. 

 Powers et al. [ 39 ] performed dynamic imag-
ing of the patellofemoral joint using MRI in six 
female patients with lateral subluxation of the 
patella during knee extension (non-weight- 
bearing condition) and squatting (weight-bearing 
condition). Abnormal patellofemoral kinematic 
patterns were noted during terminal knee exten-
sion in both tasks. In addition, lateral patellar dis-
placement was more pronounced during 
non-weight- bearing knee extension as compared 
to weight- bearing knee extension. This study 
demonstrated that in the non-weight-bearing 
task, the patella rotates on the femur, while in the 
weight-bearing task, the femur rotates under-
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neath the patella, which emphasizes the role of 
femoral rotation on patellar malalignment. 

 Dierks et al. [ 29 ] examined the relationship 
between hip strength and hip kinematics in run-
ners with PFPS before and after a prolonged run. 
They showed that there is a decrease in hip 
abductor and external rotator strength at the end 
of the run. In addition, this decrease in hip abduc-
tor strength is associated with an increase in hip 
adduction angle. Salsich et al. [ 22 ] showed that 
there are alterations in the activity of hip exten-
sors in patients with PFPS during stair ambula-
tion, which according to the authors seems to be 
a compensatory mechanism. Finally, it is impor-
tant to note that there is a correlation between the 
biomechanics of the three large joints of the 
lower extremity in patients with PFPS. In a recent 
study, Barton et al. [ 40 ] found that tibial internal 
rotation and hip adduction are both linked to rear-
foot eversion. 

 In summary, abnormal hip biomechanics are 
encountered in patients with patellofemoral pain. 
Specifi cally, increased hip adduction and internal 
rotation have been observed during walking, run-
ning, drop jump, and step-down. In addition, 
muscle strength measurements have demon-
strated weak hip abductors and external rotators.  

8.5     Prospective Studies 

 Prospective studies require baseline testing of a 
large number of healthy subjects and following 
them prospectively to identify those who develop 
PFPS. Thus, they are diffi cult to conduct as they 
require large fi nancial and personnel resources. 
A meta-analysis of these studies was recently 
published [ 41 ] and identifi ed quadriceps weak-
ness as a predictor of PFPS. Other factors that 
were identifi ed by single studies as predictors 
were weakness of the knee fl exors and hip adduc-
tors, fl exibility of lower extremity musculature, 
genu varum alignment, navicular drop, and knee 
valgus angle during a landing task. A more recent 
study [ 42 ] screened 400 healthy female runners 
at baseline and followed them for 2 years. It was 

found that athletes who went on to develop PFPS 
exhibited greater hip adduction than those who 
did not develop PFPS, thus confi rming what pre-
vious case control studies have suggested.  

8.6     Conclusion and Future 
Directions 

 The proper treatment of PFPS either conserva-
tive or surgical requires the knowledge and 
 understanding of static and dynamic factors that 
contribute to the stability of patellofemoral joint. 
Kinetic, kinematic, and EMG studies have 
already been performed and specifi c mechanisms 
have been reported. Specifi cally, “quadriceps 
femoris muscle avoidance” has been described in 
patients with patellofemoral pain during level 
walking, ramp ambulation, and stair climbing. 
It has been advocated that it could be due to a 
forward trunk lean, which brings the center of 
pressure closer to the knee joint. Another impor-
tant fi nding of these studies is the involvement of 
the hip joint. Specifi cally, increased hip adduc-
tion and internal rotation have been observed in 
patients with patellofemoral pain during walking, 
running, drop jump, and step-down, while mus-
cle strength measurements have demonstrated 
weak hip abductors and external rotators. 

 However the fi eld of biomechanical evaluation 
in patellofemoral disorders has not been fully 
explored. For instance, no consensus has been 
achieved regarding the relation between vastus 
muscles activity and the onset of pain or the 
abnormal movement of the patella. Thus, further 
studies are required to recognize the changes that 
exist in patellofemoral pain and patella instability 
and to discover whether these alterations have a 
causative or a compensatory role. In addition, pro-
spective studies will reveal predisposing factors 
with greater certainty. The understanding of the 
mechanisms that lead to patellofemoral disorders 
as well as the results of studies that compare dif-
ferent surgical and rehabilitation techniques or 
just conservative measures will lead us to the ideal 
treatment of each patient.     
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9.1            Introduction 

 Patellofemoral knee injuries account for one in 
four of all knee injuries in athletes [ 1 ], up to 40 % 
of all physical therapy visits for knee pain [ 2 ,  3 ], 
and 10 % of total visits to physical therapy clinics 
[ 3 ]. Patellofemoral pain is the most common 
injury in runners [ 4 ] and the most common source 
of knee pain in adolescents [ 5 ]. 

 Patellofemoral pain (PFP) is an overuse 
injury, characterized by retropatellar or peri-
patellar pain that is made worse by running, 
prolonged sitting, squatting, jumping, or climb-
ing stairs. The etiology of PFP has previously 
been credited to lateral patellar maltracking 
owing to vastus medialis obliquus (VMO) mus-
cle weakness. It is thought that abnormal patella 
tracking causes increased lateral compressive 
patellofemoral joint stress [ 6 ]. As such, inter-
ventions have focused on infl uencing patellar 
motion with taping and bracing, patella mobili-
zation, and strengthening of the VMO [ 7 ]. 

 While it is generally accepted that conserva-
tive treatment of PFP is helpful [ 8 – 10 ], recur-
rence rates are high and range between 25 and 
91 % [ 1 ,  11 – 14 ]. This suggests that the etiol-
ogy of PFP is not being addressed with current 
treatment approaches. More recent literature 
has focused on the hip musculature and their 
dynamic effect on patellofemoral mechanics. 
Given that the patella articulates with the distal 
femur, abnormal hip motions likely contribute 
to PFP [ 7 ].  
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9.2     Biomechanics 

 Considering the wide scope of patellofemoral 
pain and the impact it has on athletic performance 
and quality of life, prevention is imperative. 
Having a sound knowledge of patellofemoral bio-
mechanics is a key part in understanding and pre-
scribing rehabilitation and prevention programs. 

 As mentioned, previous theory that PFP origi-
nates from patellar maltracking stemmed from kine-
matic studies performed under non-weight- bearing 
conditions with a fi xed femur [ 15 – 17 ]. In such a 
state, the patella tilts and translates lateral on the dis-
tal femur [ 18 ]. However, under weight- bearing con-
ditions, it has been shown using dynamic MRI that 
the internal rotation of the femur results in a more 
signifi cant contribution to relative patellar tilt and 
translation [ 18 ]. Lee and colleagues [ 19 ] have 
reported that 5–10° of internal rotation of the femur 
increases patellofemoral joint stress considerably. 

 The Q-angle, or the angle formed between the 
resultant quadriceps vector and the patellar ten-
don vector, largely determines the propensity for 
the patella to track laterally. While the Q-angle is 
typically assessed statically, segmental motions 
of the pelvis, hip, and knee during dynamic tasks 
can signifi cantly increase the Q-angle and the lat-
erally directed force acting on the patella. This 
concept has been termed the “dynamic Q-angle” 
[ 20 ,  21 ]. Chen and Powers [ 20 ,  21 ] reported that 
subjects with PFP have greatly increased dynamic 
Q-angles during stair descent compared with 
asymptomatic controls (39° versus 24°). This 
increased dynamic Q-angle in turn increases the 
contact pressures on the patella. In a cadaveric 
study, a 10° increase in the Q-angle resulted in a 
45 % increase in peak contact pressure on the lat-
eral aspect of the patellofemoral joint [ 22 ]. 

 Looking at the lower extremity in the coronal 
and transverse planes, adduction and internal rota-
tion of the hip move the knee joint center of rota-
tion medially. When the foot is fi xed, this causes 
abduction of the tibia and resultant dynamic knee 
valgus [ 7 ] (Fig.  9.1 ). Multiple studies have linked 
weak hip musculature to increased knee valgus 
[ 23 – 26 ], and this susceptible position of knee 
valgus has been implicated in patellofemoral 
joint and ACL injury [ 7 ,  27 ,  28 ].

   Poor proximal neuromuscular control and 
weakness of hip musculature, in particular the 
hip abductors and external rotators, lead to poor 
lower-extremity control in the coronal and trans-
verse planes. As the hip collapses into excessive 
adduction and internal rotation, the knee falls 
into dynamic valgus [ 18 ,  29 – 31 ]. 

 In the sagittal plane, trunk position greatly infl u-
ences muscular demands across the knee and resul-
tant forces across the patellofemoral joint. During a 
drop-jump maneuver, leaning the trunk forward 
moves the center of mass—and therefore the ground 
reactive vector—anteriorly, closer to the knee joint 
and further from the hip joint. This decreases the 
knee fl exion moment and demand on the knee 
extensors while increasing the hip fl exion moment 
and demand on the hip extensors [ 7 ]. Landing with 
the trunk more erectly moves the ground reactive 
vector posteriorly, thereby increasing the knee fl ex-
ion moment and demand on the knee extensors and 

  Fig. 9.1    Dynamic knee valgus. Excessive hip adduction 
and internal rotation results in dynamic knee valgus 
(Reproduced with permission from Powers [ 7 ])       
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decreasing the hip fl exion moment and demand on 
the hip extensors [ 7 ,  32 ] (Fig.  9.2 ).

   Patients with weak hip extensors commonly 
will compensate by leaning the trunk posteriorly 
[ 33 ]. This increases the knee fl exion moment and 
the demand on the quadriceps, which may lead to 
quadriceps strain, patellar tendinopathy, patello-
femoral compression, and ACL strain [ 7 ].  

9.3     Clinical Findings 

 Multiple clinical studies have supported the theory 
that PFP is linked to poor proximal muscular con-
trol. In a study of 210 NCAA Division I athletes, 
Nadler et al. [ 34 ] showed that hip extensor weakness 
was signifi cantly more common in athletes with 
recent patellofemoral and lower- extremity injury. In 
a prospective study, Leetun et al. [ 35 ] showed that 
collegiate athletes who developed lower-extremity 
injuries over a season had signifi cantly greater weak-
ness in hip abduction and hip extension. Likewise, 
Niemuth et al. [ 36 ] and Cichanowski et al. [ 37 ] 
found a relationship between hip muscle weakness 
and patellofemoral injury in athletes. 

 Ireland et al. [ 29 ] reported weakness of hip 
abductors and external rotators in 15 females with 
anterior knee pain compared to asymptomatic 
age-matched controls. Robinson et al. investi-
gated if females with PFP were more likely to 
demonstrate hip abduction, external rotation, or 
extension weakness than a similar, asymptomatic, 
age-matched control group. The authors calcu-
lated limb strength as a percentage of the unin-
volved extremity in order to better compare to 
controls. It was reported that females with PFP 
demonstrated less hip abduction, external rota-
tion, and extension strength than the controls [ 38 ]. 

 Bolgla et al. [ 39 ] found hip abductor and 
external rotator weakness in 18 female partici-
pants with PFP compared to asymptomatic con-
trols. They did not, however, fi nd altered hip and 
knee kinematics as theorized. Symptomatic indi-
viduals did not exhibit increased hip internal 
rotation, hip adduction, and knee valgus during 
functional activities. The authors do note that the 
task tested may not have been challenging enough 
to elucidate kinematic dysfunction [ 39 ]. 

 Souza and Powers [ 40 ] looked at hip muscle 
strength as well as hip kinematics during more 

a b

  Fig. 9.2    Sagittal plane motion. ( a ) Landing with the 
trunk anterior increases the moment at the hip while 
decreasing the moment at the knee. ( b ) Landing with the 

trunk posterior increases the moment at the knee while 
decreasing the moment at the hip (Reproduced with per-
mission from Powers [ 7 ])       
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strenuous tasks including running, a drop jump, 
and a step-down maneuver in 21 subjects with 
PFP compared to well controls. These authors 
found hip abductor and extensor weakness as 
well as increased peak hip internal rotation, 
thereby supporting kinematic dysfunction of the 
hip and knee in this population. 

 Other studies, however, have found no differ-
ence between hip muscle strength and PFP [ 41 , 
 42 ]. Piva et al. found no difference in hip external 
rotation and abduction when comparing between 
individuals with and without PFP. No compari-
son was made to the uninvolved extremity, mak-
ing the comparison strength differences between 
individuals diffi cult. Cowan et al. [ 42 ] found no 
difference in hip external rotation and abduction 
strength between individuals with and without 
PFP, although they did note alteration of hip mus-
cle function as shown by EMG evidence of 
delayed gluteus medius fi ring. 

 In a prospective study, Thijs et al. [ 43 ] found 
no difference in isometric hip muscle strength in 
77 female runners that did and did not develop 
PFP over a 10-week period. The authors contend 
that there is no causal relationship found between 
proximal strength and PFP. This study, however, 
looked only at peak isometric strength. It may 
have been prudent to look at eccentric hip muscle 
function or endurance strength testing as these 
measures may be more relevant to overuse syn-
dromes such as PFP [ 7 ,  43 ]. 

 Despite some disagreement in the literature 
regarding a common fi nding of proximal weak-
ness and dysfunction in patients with PFP, a sys-
tematic review performed by Prins et al. [ 44 ] 
found that there is strong evidence to support 
that females with PFP possess diminished 
strength of the hip abductors, external rotators, 
and extensors. 

 One must be careful when drawing conclu-
sions about cause and effect of muscular weak-
ness on PFP, as weakness may be a by-product of 
disuse secondary to pain. However, several stud-
ies have shown clinical success and pain relief 
following hip-focused rehabilitation [ 45 – 48 ].  

9.4     Rehabilitation and 
Prevention Strategies 

 While certainly multifactorial, with such a large 
and growing body of biomechanical and clinical 
literature supporting the hypothesis that PFP has 
signifi cant proximal infl uences, a strong case can 
be made for hip and pelvic-based rehabilitation 
for patellofemoral dysfunction. 

 This approach is supported by recent clinical 
studies that have shown that hip-focused rehabili-
tation is benefi cial for persons with PFP. 

 Earl and Hoch [ 45 ] showed that an 8-week 
course of hip and core strengthening signifi cantly 
reduced pain, improved function, and improved 
the overall lower-extremity biomechanics in a 
group of 19 females with PFP. 

 Mascal et al. [ 46 ] reported on two female 
patients with PFP recalcitrant to traditional 
quadriceps- based rehabilitation. Each patient 
was found to have hip abductor, external rotator, 
and extensor weakness as well as kinematic dys-
function shown by hip internal rotation and 
adduction during dynamic tasks. After a 14-week 
program of hip, pelvis, and trunk strengthening 
and stabilization, the subjects had resolution of 
symptoms with improvement in strength and 
kinematics. 

 Fukuda et al. [ 49 ], in a recent randomized 
controlled clinical trial, looked at 70 females 
with PFP. Patients were randomized into three 
groups: a control group that received no treat-
ment, a knee rehabilitation group, and a knee and 
hip rehabilitation group. Treatment consisted of 
three sessions per week for 4 weeks. Both treat-
ment groups showed improvements in lower- 
extremity function scores, anterior knee pain 
scores, and single-limb hop testing compared to 
the control group. However, the improvements in 
pain and function were greater in the knee and 
hip exercise group. 

 Nakagawa et al. [ 50 ] showed similar fi ndings 
in a randomized controlled pilot study comparing 
hip and quadriceps strengthening to isolated 
quadriceps strengthening. 
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 In another randomized controlled trial by 
Khayambashi et al. [ 51 ], the authors showed that 
strengthening of hip abductors and external rotators 
improved pain and health status compared to a con-
trol group in females with PFP. This study was 
unique in that it looked at isolated strengthening of 
hip musculature as opposed to combined hip and 
knee exercises. The authors show that rehabilitation 
of the hip alone can be effective in treating PFP. 

 Our institution routinely focuses on optimiz-
ing a “hip strategy” when treating patients with 
PFP. The concept of “hip strategy” combines hip 
strength (abductors, external rotators, extensors), 
biomechanical alignment, kinematics, and neuro-
muscular control. 

 Two key components are incorporated into our 
proximally based intervention program to address 
knee injury: pelvic stability and dynamic hip 
control [ 7 ]. Anterior pelvic tilt can result from 
hip fl exor tightness or weak posterior rotators of 
the pelvis (hip extensors, hamstrings, abdomi-
nals). This may then lead to compensatory lum-
bar lordosis and posterior shift of trunk and center 
of mass. This in turn increases the knee fl exion 
moment and puts more stress on knee extensors 
and the forces acting on the patellofemoral joint. 
This also decreases the hip fl exion moment and 
decreases demand on the hip extensors, thus per-
petuating hip extensor weakness and further 
anterior pelvic tilt. To prevent this from happen-
ing, dynamic pelvic and core stability is addressed 
through rehabilitation. 

 The second principle in PFP rehabilitation and 
prevention is dynamic hip control to prevent hip 
adduction and internal rotation [ 7 ]. The gluteus 
medius functions mainly in the coronal plane as a 
hip abductor, thereby stabilizing the femur and 
pelvis during single stance. The posterior fi bers 
assist with hip extension and external rotation, 
but not with any major signifi cance [ 52 ]. The glu-
teus maximus, however, is the most powerful hip 
extensor and external rotator of the hip. Working 
in multiple planes, it is ideally suited to minimize 
the at-risk position of dynamic knee valgus. 

 Additionally, improving gluteus maximus 
function in the sagittal place decreases the 
requirement of compensatory quadriceps activ-
ity to absorb the load of impact; this in turn 
decreases the forces across the patellofemoral 
joint [ 7 ,  53 ,  54 ]. 

 Finally, it should be noted that the same proto-
col used for PFP rehabilitation and prevention is 
implemented following ACL reconstruction at 
our institution. Optimal hip strategy in order to 
prevent femoral internal rotation and hip adduc-
tion responsible for dynamic knee valgus is felt 
to be crucial prior to return to sport.     
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10.1            Introduction 

 Patellofemoral instability is a condition charac-
terized by repeated dislocation or subluxation of 
the patella secondary to minimal trauma. This 
condition is known to be more common in 
females, and it is often bilateral. The reported 
incidence of patella dislocation in the population 
aged between 10 and 17 years old is reported at 
29 per 100,000 [ 1 ]. After a fi rst-time dislocation, 
the rate of recurrence following nonoperative 
treatment ranges between 15 and 44 % [ 2 ,  3 ]. 

 The patella most commonly dislocates later-
ally – when medial dislocation occurs, it is 
usually iatrogenic, either as a result of exces-
sive lateral release or overtightening of medial 
structures. The etiology of patella instability is 
multifactorial and is most commonly thought 
of in terms of bony abnormalities (patella alta, 
trochlear dysplasia, patella hypoplasia, lower 
limb malalignment, rotational abnormalities) 
or soft tissue pathology (vastus medialis 
obliquus atrophy, medial retinaculum laxity, 
injuries to the medial patellofemoral ligament 
(MPFL), tight lateral structures, or ligamen-
tous laxity) [ 4 – 6 ]. Treatment plans seeking to 
address patella instability must therefore be 
based on the understanding of how the pathoa-
natomy contributes to instability.  
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10.2     Anatomy and Biomechanics 
of Instability 

 Normal patellar tracking is a process that relies 
on both static and dynamic stabilizers, requiring 
a complex balance of ligamentous structures, 
bone morphology, lower extremity alignment, 
and muscle activation [ 4 – 7 ]. Static constraints 
include the bony contours of the femur, a nor-
mal rotational profi le (proximal femoral ante-
version and external tibial torsion), and integrity 
of the MPFL (which acts as constant static 
checkrein to patella). The quadriceps muscle, in 
particular the vastus medialis obliquus (VMO), 
represents the main dynamic stabilizer; an 
imbalance between VMO and vastus lateralis 
obliquus may contribute to instability. 

 The trochlear groove has a complex geometry 
in terms of depth and shape – the lateral facet of 
the trochlear groove is normally more prominent 
anteriorly, preventing lateral displacement of the 
patella. Any degree of trochlear dysplasia (fl at-
tening of the sulcus) or corresponding patella 
hypoplasia decreases the inherent stability of the 
patellofemoral joint. Limb malalignment also 
plays an important role in patellar tracking, with 
an increased Q-angle (the angle formed by a fi rst 
line drawn from the anterior superior iliac spine 
(ASIS) to the center of patella and a second line 
drawn from center of patella to tibial tubercle) 
representing a risk factor for patellar instability. 
The Q-angle averages 14° in males and 17° in 
females [ 7 ]; this value is increased in presence of 
genu valgum, increased femoral anteversion, 
increased external tibial torsion, or a lateralized 
tibial tuberosity. 

 The MPFL is an important soft issue restraint 
to lateral translation of the patella during the 
early phase of fl exion, acting as the main stabi-
lizer from 0° to 30° of knee fl exion. In this range 
the MPFL is tensioned in full extension, serving 
to guide the patella into engagement with the 
trochlea during the early stages of fl exion. Any 
degree of patella alta prevents this early engage-
ment of the patella in the trochlear groove, con-
tributing to lateral subluxation. Between 30° and 
60° of fl exion, the patella moves medially and 

becomes  centered in groove, becoming deeply 
engaged in the trochlear groove between 60° and 
90°. At >90° the patella tilts such that the medial 
facet articulates with the medial femoral condyle 
(MFC), and at fl exion of 135° or greater, the odd 
facet of the patella contacts the lateral border of 
MFC [ 6 ].  

10.3     Clinical Examination 

10.3.1     History 

 A thorough history taking and an accurate physi-
cal examination are essential tools for a correct 
diagnosis. Age at the fi rst dislocation, history of 
trauma, the direction of instability, and the fre-
quency of subsequent dislocations should be 
recorded. Usually, if the event was atraumatic or 
related to a minor twisting, it is likely that the 
patient has predisposing conditions (soft tissue or 
bony abnormalities) that will contribute to recur-
rent dislocations. Traumatic mechanisms usually 
involve either a direct blow to the patella or a 
mechanism of valgus and external rotation of 
tibia. With increasing severity of injury, signifi -
cant swelling may occur secondary to a MPFL 
injury or due to hemarthrosis associated with a 
chondral or osteochondral injury.  

10.3.2     Physical Examination 

 Patients should be examined while standing, walking, 
sitting, and lying (in both supine and prone positions). 
Signs of generalized ligamentous laxity can be 
assessed objectively using the Beighton scale [ 8 ]. This 
scale assigns one point for the ability to touch the fl oor 
with the palms while having the knees fully extended 
and one point each side for the ability to achieve 
hyperextension of the knee beyond −10°, hyperexten-
sion of the elbow beyond −10°, extension of the fi fth 
metacarpophalangeal (MCP) joint beyond 90° and for 
the ability to extend the thumb to touch the forearm 
with the wrist fl exed. Hypermobility is defi ned by a 
score higher than 4 (out of a maximum of 9). 
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    Standing/Gait 
 The patient’s malalignment, especially genu val-
gum, is best seen in standing position. In some 
patients, “squinting patella” (kneeing-in posture) 
is noted, which can be a sign of increased femoral 
anteversion, increased Q-angle, excessive external 
tibial torsion, or hyperpronation of the foot. James 
et al. called the combination of increased proximal 
femoral anteversion and excessive external tibial 
torsion “miserable malalignment” syndrome [ 9 ]. 
Patients with patella alta may display “grasshop-
per eyes,” so called when the patella is noted to sit 
in a higher and more lateral position than normal. 
An in-toeing gait is often indicative of increased 
femoral anteversion; this generates an external 
rotation moment about the knee with a resultant 
lateral force on the patella [ 10 ].  

    Sitting 
 Patellar tracking can be dynamically assessed by 
having the patient sit over the edge of the exam-
ining table and moving the knee through an active 
range of motion – comparison with the non- 
affected limb is useful as long as the condition is 
not bilateral. A positive J-sign is seen with lateral 
subluxation of patella as the knee approaches full 
extension, indicating a degree of maltracking 
(Fig.  10.1 ). Active knee extension may also elicit 
crepitus, suggestive of chondral lesions or early 
degenerative changes.

       Supine 
 Placing the patient supine allows inspection for 
VMO wasting. With the knee in extension, palpa-
tion is used to quantify the degree of effusion and 
(in the setting of acute dislocation) areas of tender-
ness associated with MPFL injury either over the 
medial aspect of the patella or the medial epicon-
dyle (Bassett’s sign). Compression of the patella 
while the patient contracts the quadriceps muscle 
(Clarke’s test or patellar grind) can produce ante-
rior knee pain in the presence of excessive lateral 
pressure syndrome or cartilage lesions. The appre-
hension test (also known as Fairbank’s test) is also 
performed with the patient supine – as knee fl exion 
is increased, the patella is pushed laterally by the 
examiner; a positive test is the presence of appre-
hension and is suggestive of patella instability. 

 Patellar hypermobility is assessed with the knee 
in 30° of fl exion (Sage mobility test) (Fig.  10.2 ); 
movement of the patella laterally by greater than 
50 % of the patella width is associated with inade-
quate medial restraints. The patellar tilt test is also 
performed with the knee in this position, by elevat-
ing the lateral edge of patella from the lateral con-
dyle (Fig.  10.3 ). It is normally possible to tilt the 
lateral edge of the patella up to at least 20° above the 
horizontal – in the setting of a tight lateral retinacu-
lum, this is not possible. The Q-angle is also mea-
sured clinically with the knee in 30° of fl exion in 
order to ensure the patella is engaged in the groove.

  Fig. 10.1    J-sign: lateral subluxation of patella is seen as the 
knee from a fl exed position approaches full extension 
(Image used with the permission of   www.boneschool.com    )       

  Fig. 10.2    Patellar hypermobility. With the knee in 30° of 
fl exion, a lateral force has been applied – the patella has 
been moved laterally by greater than 50 % of its width 
(Image used with the permission of   www.boneschool.com    )       
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        Prone 
 The patient is placed in the prone position to assess 
for rotational deformity, as excessive external tib-
ial torsion and increased proximal femoral ante-
version can be found in a setting of patella 
instability. Excessive external tibial torsion is mea-
sured using the thigh-foot angle, with greater than 
30° considered to be excessive, while increased 
femoral anteversion is diagnosed when the internal 
rotation of the hip is greater than the external rota-
tions (Fig.  10.4 ). The prone position also allows 
measurement of the heel-to-buttock distance – 
decreased fl exion of the knee may indicate quadri-
ceps contracture, while an involuntary hip fl exion 

and a pelvic tilt during this maneuver are sugges-
tive of tightness of the rectus femoris (Ely test).

10.4          Radiographic Evaluation 

 The radiographic evaluation of patients with patella 
instability begins with standard anteroposterior, 
lateral and axial radiographs, while lower limb 
malalignment can be confi rmed with the use of long-
leg radiographs. The lateral view is used to assess 
for the presence of patella alta. While many different 
techniques have been described, the Blackburne-Peel 
ratio is probably the most accurate for measurement 
of patella height [ 11 ] and is expressed as the ratio 
between the perpendicular distance from the lower 
articular margin of patella to tibial plateau and the 
length of patella articular surface – patella alta is 
defi ned by a ratio >1 (Fig.  10.5 ). Trochlear dysplasia 
can also be assessed on true lateral views by look-
ing for a crossover sign, whereby the deepest part 
of the trochlear groove crosses the anterior aspect of 
the femoral condyles. The Dejour classifi cation of 
trochlear dysplasia is reported in Table  10.1  [ 12 ].

  Fig. 10.3    The patellar tilt test. With the knee in 30° of 
fl exion, the lateral edge of patella is elevated – inability to 
elevate to 20° or more is associated with a tight lateral 
retinaculum (Image used with the permission of   www.
boneschool.com    )       

  Fig. 10.4    Increased femoral anteversion on the left side, 
associated with increased internal rotation of the hip (Image 
used with the permission of   www.boneschool.com    )       

Blackburne-Peel ratio

  Fig. 10.5    Patella    alta is defi ned by a Blackburne-Peel ratio 
>1 - ratio between the perpendicular distance from the 
lower articular margin of patella ( upward pointing red 
arrow ) to tibial plateau ( green arrow ), and the length of 
patella articular surface ( downward pointing red arrow ) - 
(Image used with the permission of   www.boneschool.com    )       
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    Axial radiographs are used to diagnose patellar 
tilt, patellar subluxation, and trochlea dysplasia; 
bony avulsions of the MPFL can also be detected 
with this view (Fig.  10.6 ). While many variations 
of the axial view have been described, the most 
widely accepted is the Merchant view, taken with 
the patient supine, the knee fl exed at 45°, and x-ray 
beam inclined 30° downward [ 13 ]. The sulcus 
angle is measured by the intersection of the high-
est points of the medial and lateral femoral con-
dyles and the lowest point of the intercondylar 
sulcus [ 14 ]. A sulcus angle >140° indicates troch-
lear dysplasia (Fig.  10.7 ). Patella subluxation can 
be quantifi ed by measuring the congruence angle, 
which refl ects the relationship between the central 
ridge of the patella and the intercondylar sulcus. 
The congruence angle is the angle between the 
bisector of the sulcus angle and a line drawn to the 
central ridge of the patella; a normal angle is 
defi ned as < −16°, whereby the central ridge is 
medial to the bisector line. If the congruence angle 
is lateral, then the angle is positive (Fig.  10.8 ).

     Magnetic resonance imaging (MRI) and com-
puted tomography have also a role in selected cases. 
MRI is useful for detecting associated chondral 
lesions and MPFL tears; one study demonstrated 
85 % sensitivity and 70 % accuracy in detecting 
MPFL tears [ 15 ]. Axial computed tomography 
slices are used to provide three- dimensional images 

   Table 10.1    Classifi cation of trochlea dysplasia   

 Dejour classifi cation 

 Type A  Crossover sign, fairly shallow trochlea 
(sulcus angle >140°) 

 Type B  Crossover sign, fl at trochlea and 
supratrochlear spur 

 Type C  Crossover sign with double contour, medial 
hypoplasia 

 Type D  Type C features + vertical link between facets 
(“cliff pattern”) 

  Fig. 10.6    MPFL    bony avulsion ( red circle )       

a b

  Fig. 10.7    ( a ) Normal sulcus angle of the femoral troch-
lea (<140°). The sulcus angle is measured by the intersec-
tion of the highest points of the medial and lateral femoral 
condyles and the lowest point of the intercondylar sulcus 

(as delineated by the  red arrows ). ( b ) Trochlear dysplasia 
(Image used with the permission of   www.boneschool.
com    )       
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of the patellofemoral joint, defi ning the morphol-
ogy of the trochlear groove and helping to diagnose 
both subluxation and lateral tilt of patella. However, 
many use CT to diagnose lateralization of the tibial 
tuberosity – by superimposing the axial slices of 
the trochlea and the tibial tuberosity the distance 
between tibial tuberosity and trochlear groove can 
be calculated (TT-TG); a TT-TG  distance >20 mm 

is abnormal and is often associated with patellar 
instability secondary to malalignment (Fig.  10.9 ).

10.5        Treatment 

10.5.1     Nonoperative 

 Because of the favorable natural history of patella 
dislocations, nonoperative treatment is usually 
indicated for fi rst-time dislocations and for 
patients with infrequent episodes of subluxation 
or dislocation. Fithian et al. reported that the 
recurrence rate for fi rst-time dislocators was 
17 %; however patients with subsequent disloca-
tions had a risk of recurrence as high as 50 % [ 1 ]. 
In the acute phase, the immediate goals are to 
decrease the effusion, increase range of motion, 
and stimulate VMO activity. 

 The rehabilitation program in patient with 
patella instability focuses on VMO strengthen-
ing, improving core stability, restoring full ROM, 
and improving of proprioception. With regard 
to strengthening exercises, there is increased 
evidence that closed-chain exercises have more 
effi cacy than open chain [ 16 ,  17 ], while treating 
weakness of the core musculature can limit exces-
sive medial femoral rotation, which can contribute 

  Fig. 10.9    Lateralization of the tibial tuberosity as shown in 3D axial computed tomography slices (Image used with 
the permission of   www.boneschool.com    )       

  Fig. 10.8    Lateral subluxation of the patella, with the cen-
tral ridge of the patella lateral to the intercondylar sulcus. 
The congruence angle is the angle between the bisector of 
the sulcus angle ( red arrows ), and a line drawn to the central 
ridge of the patella ( green arrow ). The central ridge should 
lie at or medial to the bisector of the trochlear groove. 
(Image used with the permission of   www.boneschool.com    )       
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to patellar instability [ 10 ]. Stretching exercises 
aimed at the iliotibial band and lateral retinaculum 
should also be part of the  rehabilitation program. 

 The use of taping or a patellar brace is contro-
versial; however these are widely utilized, in an 
attempt to apply a restraining force against lateral 
displacement of the patella [ 18 – 21 ]. It is impor-
tant that braces are not be considered an alterna-
tive to the rehabilitation program.  

10.5.2     Operative Treatment 

 Patients with predisposing factors including 
malalignment, bony abnormalities, and soft issue 
defi ciencies are more prone to recurrent disloca-
tion and can sometimes require operative inter-
vention. Many surgical procedures have been 
described and will be presented in detail in the 
following chapters [ 22 – 30 ]. Broadly speaking, 
these procedures can be divided into soft tissue 
procedures (medial repair, medial imbrication, 
lateral release, MPFL reconstruction) and bony 
procedures (tibial tuberosity transfers, rotational 
osteotomies, trochleoplasty). Distal realignment 
procedures are indicated in patients with TT-TG 
distance >20 mm (medialization of the tibial 
tuberosity) or patella alta (distalization of the 
tibial tuberosity) or both [ 27 – 29 ,  31 ]. These pro-
cedures are often combined with a medial imbri-
cation or MPFL reconstruction. While isolated 
MPFL reconstruction may be indicated in 
patients with normal TT-TG distance and normal 
patellar height [ 23 ,  24 ,  31 ], isolated lateral release 
is only indicated in patients with excessive lateral 
pressure syndrome and has no indication in the 
treatment of patella instability [ 30 ,  31 ]. In 
extreme circumstances, rotational abnormalities 
such as increased proximal femoral anteversion 
or excessive external tibial torsion may require 
surgical intervention. 

 In conclusion, there is no gold standard proce-
dure for the surgical treatment of patellar insta-
bility, with a lack of good evidence to support 
one technique over any other. Patient examina-
tion should be thorough, focusing not only on 
patellofemoral joint but also on gait, lower 
extremity alignment, and rotational alignment. 
By combining examination fi ndings with appro-

priate investigations, the etiology of patella insta-
bility should be clear to surgeons planning any 
procedures. We advocate customized treatments 
that correct the particular pathoanatomy of the 
patellofemoral joint.      
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11.1            Introduction 

 Patellar dislocation occurs as a result of trauma 
or during sports activities among those with vari-
ous predisposing factors. Many reports indicate 
a similar incidence of fi rst-time dislocation in 
both males and females [ 1 ]. Dislocation gener-
ally occurs in a young population with an aver-
age age of around 20 during sports activities 
[ 2 ]. Disruptions of soft tissue restraints, includ-
ing the medial patellofemoral ligament (MPFL), 
which normally prevent lateral patellar trans lation, 
almost inevitably occur [ 3 ,  4 ], and  associated 
osteochondral fractures affect the prognosis [ 5 ].  

11.2     Pathomechanism 

11.2.1     MPFL Disruption 

 The MPFL originates at the adductor tubercle just 
distal to the insertion of the adductor magnus ten-
don just behind the medial epicondyle, the inser-
tion site of the MCL and inserts into the proximal 
two-thirds of the medial margin of the patella, 
where its fi bers fuse with the  vastus medialis [ 6 ] 
(Fig.  11.1 ). MPFL disruption occurs most fre-
quently at its femoral side [ 7 ], and tears in this 
position are prone to lead to  re-dislocation by 
reducing the obliquity of the vastus medialis 
obliquus (VMO) muscle vector and its medial 
pull [ 8 ]. In contrast, tears at the patellar side are 
less frequent because of the  ligament’s wider 
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insertion, while avulsion fractures of the medial 
structures including  retinaculum, capsule, or 
MPFL are not so rare [ 9 ,  10 ] (Fig.  11.2 ).

11.2.2         Osteochondral Fracture 

 Osteochondral fracture occurs either during dis-
location or relocation. The medial facet of the 
patella is sheared off the lateral condyle of the 
femur during relocation, while the lateral condyle 
is wedged by the sharp lateral margin of the 
patella or sledge-hammered by the blunt patellar 
articular surface during dislocation [ 1 ,  11 ]. These 
injuries tend to occur in patients with fewer pre-
disposing factors [ 12 ]. In order to prevent pro-
gression to osteoarthrosis, repairable fragments 
should be fi xed as soon as possible.  

11.2.3     Predisposing Factors 

 Patellar dislocation occurs in patients with predis-
posing factors such as a large Q angle, patella alta, 
or shallow femoral sulcus. Patellae in patients 
with these factors tend to laterally dislocate for the 
following reasons: (1) The greater Q angle causes 
an increase in the laterally directed traction force 
exerted on the patella by the quadriceps, (2) patella 
alta leads to insuffi cient restraint of the femoral 
sulcus because the patella does not go into the 
trochlea at shallow knee  fl exion angles, (3) the 
shallow femoral sulcus is less able to structurally 
restrain the lateral dislocation of the patella.   

11.3     Treatment 

 First-time dislocators are treated both conserva-
tively and surgically. Conservative treatment con-
sists of techniques such as management of 
activity level, orthosis, and muscle strength exer-
cises for the VMO, while surgical treatment 
includes various procedures intended to prevent 
re-dislocation such as tibial tubercle transfers, 
trochleoplasties, and MPFL reconstructions with 
or without lateral retinacular release. Generally a 
fi rst-time dislocator without an osteochondral 
fracture is conservatively treated; however, this 
results in a re-dislocation rate of 15–44 % and 
limitation of strenuous sports activities in 60 % 
of patients without re-dislocation [ 1 ,  2 ]. 

MPFL

MCL

Adductor

  Fig. 11.1    The medial patellofemoral ligament       

  Fig. 11.2    Avulsion fracture of the MPFL       

 

 

Y. Toritsuka et al.



69

 Traditional surgical treatments include tibial 
tubercle transfers to reduce the Q angles and 
trochleoplasties to deepen the femoral groove. 
However, both the advantages and disadvantages 
of each procedure should be understood, and 
individually appropriate procedures should be 
applied without generating secondary problems. 
While decreasing the Q angle by tibial tubercle 
transfer results in decreased lateral facet load, it 
results in increased loads elsewhere in the joint, 
leading to early arthrosis [ 13 ,  14 ]. In fact, 
Nakagawa et al. recently reported development 
of patellofemoral arthrosis after tibial tubercle 
transfer in spite of a satisfactory short-term 
 clinical outcome [ 15 ]. Trochleoplasties make it 
possible to stabilize the patella by deepening the 
trochlea or elevating the lateral condyle but gen-
erate patellofemoral arthrosis from incongruent 
articulation and increased contact force [ 14 ]. 
Knoch et al. reported that trochleoplasty is a 
 reasonable procedure but may not prevent 
 subsequent development of osteoarthritis [ 16 ]. 
In contrast, experimental studies indicated that 
patellofemoral contact pressure was not signifi -
cantly altered by MPFL reconstructions, and 
clinically satisfactory long-term results have 
also been reported so far [ 17 – 19 ]. Thus, MPFL 

reconstructions can be considered less invasive 
and safer procedures that prevent dislocation 
of the patella, avoiding secondary problems 
without any aggressive correction of the predis-
posing anatomies. 

11.3.1     MPFL Reconstruction 
(Dual Tunnel MPFL 
Reconstruction) [ 20 ] 

 A schema of this procedure is shown in Fig.  11.3 .

      Graft Preparation 
 The harvested autogenous semitendinosus ten-
don is folded and utilized as a single double- 
looped tendon graft. A TightRope® (Arthrex 
Inc., Naples, FL) is used on the loop end to attach 
the femoral side, and two #2 FiberWire™ 
(Arthrex Inc.) sutures are placed using the 
Krackow suture technique on each free end to 
attach the patellar side (Fig.  11.4 ).

       Operative Procedure 
 Prior to surgery, hypermobility of the patella 
is evaluated under anesthesia by Kolowich’s grad-
ing [ 21 ]. Next, arthroscopic evaluation is per-

Graft

  Fig. 11.3    Dual tunnel MPFL reconstruction       
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formed, with special attention to cartilaginous 
damage to the patella, lateral femoral condyle and 
osteochondral fracture. In addition, patellar track-
ing is observed through full extension to 60° of 
fl exion from the lateral suprapatellar portal. 

Following evaluation, a 5-cm transverse incision is 
made from 1 cm medial to the medial edge of the 
patella to just posterior to the medial epicondyle. 
The medial retinaculum is exposed and incised 
from the medial margin of the patella to the adduc-
tor tubercle to expose the MPFL insertion sites. 
A 2.4-mm guide wire is inserted from the femoral 
insertion site to the lateral cortex of the femur [ 7 ] 
and over-drilled using a 5–6-mm cannulated 
reamer according to the diameter of the graft. Two 
guide wires are transversely inserted, one from the 
proximal one third and one from the center of the 
medial edge of the patella to the lateral border 
under X-ray control (Fig.  11.5 ) and over-drilled 
using a 4.5-mm cannulated reamer up to 1 cm in 
depth. Both free ends of the graft are introduced 
into the patellar sockets and fi xed on the lateral side   Fig. 11.4    A semitendinosus tendon graft       

a b

c

  Fig. 11.5    X-ray control during surgery. ( a ) AP view, ( b ) lateral view, ( c ) axial view       
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of the patella by tying the sutures over an Endo-
button™(Smith & Nephew Endoscopy, Andover, 
MA); then the loop end of the graft is introduced 
into the femoral tunnel. Femoral fi xation is 
achieved at 45° of knee fl exion under proper ten-
sion by tightening the TightRope®; fi xing the graft 
at this fl exion angle is assumed to be appropriate 
because the patella is already stabilized on the fem-
oral groove (Fig.  11.6 ). Patellar stability is checked 
in near extension as well to avoid too tight fi xation 
of the graft. The incised medial retinaculum is 
sutured together over the graft. When the surgeon 
does not want to expose a torn or elongated MPFL, 
a sub-retinacular tunnel is created for passage of 
the graft to avoid invasion of the VMO, followed 
by grafting as above.

        Postoperative Regimen 
 The knee is immobilized for a week with a brace, 
followed by CPM exercise. Active/assisted ROM 
exercise    is started at 2 weeks. Partial weight bear-
ing is allowed at 3 weeks and full weight bearing 
is started at 5 weeks. Running is allowed at 3 
months followed by a return to previous sporting 
activity at 6 months  

    Advantages of Our Procedure 
 Our procedure has the following theoretical 
advantages: First, this technique enables us to 
reconstruct the wide original patellar insertion of 
the MPFL. Secondly, better bone-tendon healing 
is expected by widening the contact area between 
the bone tunnel and the graft. Thirdly, it can 

reduce the potential risk of patellar fracture by 
creating shallow/short hollows with small- 
diameter tunnels compared to a larger transverse 
bone tunnel. Fourth, a stronger initial fi xation is 
expected by pull-out fi xation compared to suture 
to the periosteum or the suture anchor technique 
[ 22 ]. Finally, though not quantitative, it enables 
us to control the patellar position by adjusting the 
initial tension of the graft at the time of its fi xa-
tion. Thus, our technique makes it possible to 
reliably fi x a folded semitendinosus tendon graft 
under controlling laxity of the patella and to 
safely mimic the morphological characteristics of 
the natural MPFL leading to better graft-bone 
healing.    

11.4     Discussion 

11.4.1     Our Recommendations at 
the Time of the MPFL 
Reconstruction 

    Reconstruction or Repair 
 A disrupted MPFL should be reconstructed rather 
than repaired except in cases of avulsion fracture 
of the patella, because we believe that a repaired 
MPFL is not always robust enough to prevent 
re-dislocation.  

    Choice of Graft Material 
 We use the semitendinosus tendon rather than the 
gracilis tendon as a graft. Since Mountney et al. 

a b

  Fig. 11.6    Pre- vs. post-op radiographs: axial view. Lateral tilt of the patella was reduced while maintaining congruence 
of the patellofemoral joint. ( a ) pre-op, ( b ) post-op       
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reported that the MPFL has an average tensile 
strength of 208 N, the semitendinosus tendon, 
which has a strength of 1216 N, might be consid-
ered too strong [ 22 ,  23 ]. However we do not 
believe that stronger grafts do any harm unless 
they are too thick and violate the surrounding tis-
sues. It should be noted that the grafts are required 
to oppose the residual predisposing factors after 
operation. In addition, a longer substitute is pref-
erable because the patients’ patellae tend to be 
more laterally located [ 24 ,  25 ].  

    Lateral Retinacular Release 
 Lateral retinacular release should not be univer-
sally performed as an additional procedure. 
It should be carefully applied only in those with a 
tight retinaculum, since it contributes to lateral 
patellar stability [ 26 ].  

    Additional Ligament Reconstruction 
 We usually reconstruct just the MPFL, the 
most important medial stabilizer. Drez et al. 
reported reconstruction of the medial patello- 
tibial ligament (MPTL) using a gracilis tendon 
graft [ 27 ]. However, we consider it unnecessary 
to reconstruct the MPTL at the cost of addi-
tional harvesting of the gracillis tendon, 
because it is just one of the secondary medial 
stabilizers. We believe that MPFL reconstruc-
tion alone is suffi cient to control patellar dislo-
cation [ 5 ,  28 ].   

11.4.2     Treatment Algorithm for 
Patellar Dislocation at Our 
Institute 

 When choosing MPFL reconstructions, the fol-
lowing three points should be taken into consid-
eration: whether or not the growth plate remains, 
whether the dislocation is primary or recurrent, 
and whether osteochondral fractures are present. 
The treatment algorithm for patellar dislocation 
at our institute is shown in Fig.  11.7 .

   In patients with closed physes, conservative 
treatments are applied for fi rst-time dislocators 
without osteochondral fracture. Patients with 
osteochondral fracture should be surgically 

treated using bio-absorbable pins to fi x large 
fragments, while small fragments might be 
excised. When MPFL reconstruction is per-
formed at the same time, great care should be 
taken to avoid promoting arthrofi brosis. In order 
to prevent arthrofi brosis, a staged surgery might 
be a safer method. 

 For those with a medial marginal fracture of 
the patella, also known as avulsion fracture of the 
MPFL, the MPFL should be reattached after 
excising the bony fragment because its midsub-
stance usually remains intact [ 10 ]. 

 For patients with recurrent dislocation, we 
generally apply the MPFL reconstruction using a 
semitendinosus tendon [ 20 ]. 

 In patients with open physes without osteo-
chondral fracture, fi rst-time dislocators are con-
servatively treated by orthosis, followed by later 
MPFL reconstruction after physeal closure. 
However, those with osteochondral fracture 
should be surgically treated. If conservative treat-
ment fails, MPFL reconstruction should be per-
formed without the use of any bone tunnels such 
as the one used to suture the graft to the perios-
teum. Medial reefi ng combined with lateral reti-
nacular release might provide an alternative 
salvage procedure.  

11.4.3     Our Strategy for Surgical 
Treatments 

 Our strategy at the time of surgical treatment is 
simply to stabilize patellar tracking by recon-
structing the checkrein to prevent dislocation, 
without any aggressive correction of predispos-
ing anatomies. 

 According to our previous morphological 
study, patients have more proximally extended 
articular cartilage of the femoral trochlea with 
increasing patellar height [ 25 ] (Figs.  11.8 –
 11.10 ), and the articular cartilage of their femo-
ral trochlea is more laterally distributed [ 25 ] 
(Fig.  11.11 ). These observations suggest that 
most individuals have their own morphological 
adaptation between the patella and the femur. 
Therefore, we consider it enough to simply 
restore their natural conformity rather than 
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 correcting malalignments based on measured 
angles or ratios from radiographs. An aggres-
sive change of alignment or structure, we 
believe, under the guise of corrective surgery, 
might result in an unfavorable pressure distribu-

tion on the articular cartilage leading to second-
ary problems.

      In addition, our previous 3-D motion analysis 
revealed that patellar tracking appeared unstable 
when the contact on the convex trochlea was 

  Fig. 11.7    The treatment algorithms at our institute. ( a ) 
For patients with closed physes, ( b ) for patients with open 
physes.  ORIF  open reduction and internal fi xation,  Tx  

treatment,  MPFLR  MPFL reconstruction,  MPFLR   #   MPFL 
reconstruction without any bone tunnels       
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smaller than in normal controls but nevertheless 
appeared congruent at every fl exion angle 
(Fig.  11.12 ) [ 24 ]. Therefore, we consider it suffi -
cient to create a checkrein that acts only when later-
ally directed traction force is applied to the patella 
in order to stabilize the tracking while maintaining 
most of the patient’s original congruity.

11.4.4        Future Directions 

 An understanding of the essential pathology of 
patellar dislocation is important when consider-
ing future treatment strategies, since unstable 
maltracking of the patella is generated by indi-
vidual predisposing anatomies rather than by 

  Fig. 11.9    Proximally-extended articular cartilage of the 
femoral trochlea. The proximal distribution of the articu-
lar cartilage is expressed by the angle between the FCP 0 
and the FCP including the proximal edge of the articular 

cartilage. The mean value in normal controls and in 
patients with recurrent patellar dislocation is 83° ± 8 and 
91° ± 8, respectively ( P  = 0.03) [ 25 ]       

  Fig. 11.8    Femoral condyle 
planes ( FCPs ). The Femoral 
Condyle Planes ( FCPs ) are 
the virtual cross sections 
including the transepicondylar 
axis ( TEA ). FCP 0 is defi ned 
as the reference plane 
including the top of the 
bone-articular cartilage border 
of the intercondylar notch 
( blue spot ). FCP  θ  is defi ned 
as the plane with the angle  θ  
from FCP 0 [ 25 ]       
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a single entity of malalignment. Recently, a 
new method of noninvasive in vivo 3-D motion 
analysis has been developed using computer 
technology. This allows creation of 3-D com-
puter models and accurate analysis of kinematics 
of the patella using image-matching techniques 
for each patient [ 24 ], leading to individually cus-

tomized treatment. Thus, as a fi rst step in devis-
ing a customized strategy, we have tried to 
classify recurrent patellar dislocations according 
to patellar tracking. This classifi cation could 
be applied to 95 % of patients, suggesting its 
 usefulness [ 29 ]. 

 Our fi ndings can be summarized as follows:
    1.    Patellae moved medially with knee fl exion 

in only half of the patients with recurrent 
patellar dislocation, although this tracking 
pattern is generally believed to be the most 
common in recurrent dislocation cases 
(Fig.  11.13a ).

       2.    It was noteworthy that approximately 20% of 
the patellae moved laterally with knee fl exion, 
which is regarded as the tracking pattern of 
habitual dislocation. In these cases, lateral 
release may be required in addition to MPFL 
reconstruction (Fig.  11.13b ).   

   3.    Approximately 20 % of the patients might be 
regarded as having a kind of mild type of 
recurrent patellar dislocation because the 
patellae showed smaller changes in mediolat-
eral translation (Fig.  11.13c ).   

   4.    Less than 10 % of the patients showed an 
equivalent tracking pattern to that of the nor-
mal knee. These may be good candidates for 
conservative treatment in view of the patellar 
tracking, if they are fi rst-time dislocators 
(Fig.  11.13d ).     

TEA

  Fig. 11.10    Patellar center height. The patellar center 
height was expressed as the angle between FCP 0 and the 
FCP which included the patellar center ( arrow ). The 
patellar center height was strongly correlates with the 
proximal distribution of the articular cartilage ( r  = 0.753, 
 P <0.001) [ 25 ]       

  Fig. 11.11    Lateral distribution of articular cartilage of the 
femoral trochlea. These are representative images from 
subjects in each group shown in FCP 70. ( a ) A representa-
tive normal control. ( b ) A patient with recurrent patellar 

dislocation (RPD). The lateral edge of the articular carti-
lage of the femoral trochlea in patients with RPD is more 
laterally located [ 25 ].  LEC  lateral epicondyle,  MEC  medial 
epicondyle,  LB  lateral border of the articular cartilage       

a b 
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  Fig. 11.12    Patellar tracking. ( a )    The  upper row  of images 
shows the tracking pattern of medial shift with knee fl ex-
ion. ( b ) The  lower row  shows a pattern of lateral shift with 

knee fl exion. These patterns of movement are totally dif-
ferent but each patella appears to have its own congruity 
during tracking       

a

b

0° 10° 20° 30° 40° 50°

  Fig. 11.13    Classifi cation of recurrent patellar dislocation 
based on patellar tracking. Diagrams show representative 
four types of patellar tracking by 3-D computer models 
superimposed over images at 0–50° of knee fl exion using 
voxel-based registration. The patella at 0° is shown in  light 

blue , 10° in  pink , 20° in  yellow , 30° in  blue , 40° in  red , and 
50° in  green . ( a ) A severely subluxated-medial shift (SS-
MS) type. ( b ) A severely subluxated- lateral shift (SS-LS) 
type. ( c ) A mildly subluxated-lateral path (MS-LP) type. 
( d ) A mildly subluxated-central path (MS-CP) type       

a b

c d
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 In conclusion, patients with recurrent patellar 
dislocation should not be managed as a single 
entity of patellar disorder, but instead they should 
be classifi ed into several types at the time of 
treatment. This will become a fi rst step to indi-
vidually customized treatment leading to better 
clinical outcomes.      
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12.1            Background 

 Anterior knee pain (AKP) is one of the most 
common patient complaints heard by orthopedic 
surgeons. A wide variety of causes of AKP have 
been ascribed to it. Medial patellar instability 
(MPI) is an objective condition with its own per-
sonality provoking incapacitating AKP that 
should be included in the differential diagnosis of 
AKP patients, above all in disabling AKP patients 
after realignment surgery. However, this condi-
tion can be diffi cult to diagnose because it is not 
well described in the medical literature. Its clini-
cal repercussion was identifi ed at the end of the 
1980s [ 1 ]. We can now state that it is an objective 
cause of AKP and that it is more frequent than we 
had thought, although it might be underdiag-
nosed because it is still not a well-known entity. 
The fi rst author has seen many patients with MPI 
who have seen more than three physicians with-
out a true diagnosis of their condition. 

 Lateral retinacular release (LRR), described 
by Merchant and Mercer in 1974 [ 2 ], has 
been one of the most frequently performed 
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 procedures in orthopedic surgery to treat AKP 
patients. This procedure was considered to be 
relatively benign and had a low associated com-
plication rate. In 1988, Hughston and Deese [ 1 ] 
described MPI as a complication of LRR for the 
fi rst time. Often, MPI is a late complication of 
both open and arthroscopic “extensive” LRR. 
Of the 166 cases reported in the literature, 152 
(91 %) occurred in patients who had undergone 
a  previous LRR, either isolated or associated 
with patellofemoral realignment surgery. In 
these cases, the surgery was followed, at vary-
ing intervals, by a paradoxical increase in their 
symptoms: incapacitating AKP, diffi culty with 
stairs, intermittent swelling, patellar crepitus, 
and disabling giving way. In the remaining 14 
reported cases (non-iatrogenic), 8 were the 
result of trauma, and 6 occurred spontaneously. 
We can conclude that MPI after LRR or realign-
ment surgery is a rare entity, and non- iatrogenic 
MPI, either traumatic or spontaneous, is even 
more uncommon. However, the incidence of 
MPI after LRR is not known. Out of 60 knees 
referred to Hughston and Deese [ 1 ] due to LRR 
failure, 30 (50 %) were found to have painful 
MPI. Shellock et al. [ 3 ] evaluated 40 patients (43 
knees) with persistent symptoms after LRR with 
kinematic magnetic resonance imaging (MRI) 
of the patellofemoral joint. They found that 27 
(63 %) had MPI. Kolowich et al. [ 4 ] found that, 
after LRR, 16 of 57 knees (28 %) needed recon-
struction of the lateral patellar anatomy because 
of painful MPI. More recently, Pagenstert et al. 
[ 5 ] have shown that 5 of 14 patients (36 %) in 
their LRR group showed MPI. 

 Recent evidence suggests that the indications 
for LRR must be more limited. Indeed, LRR and 
realignment surgery are currently performed 
less frequently [ 6 ]. Therefore, we might think 
that the cases of MPI would decrease. This, 
however, is not true. Nowadays, more and more 
medial patellofemoral ligament (MPFL) recon-
structions are performed, and we must take note 
that an anterior and proximal placement of the 
MPFL femoral graft insertion may also lead 
to iatrogenic medial patellar subluxation [ 7 ]. 
Moreover, when a malpositioning of the MPFL 
femoral graft insertion is combined with an 
overtightened MPFL and an LRR previously 

performed or performed during MPFL surgery, 
an iatrogenic MPI may develop [ 7 ]. It is inter-
esting to note that many of the patients feel as if 
the patella subluxes laterally when it actually 
subluxes medially. This fact makes the diagno-
sis more diffi cult.  

12.2     The Problem 

 The patient with MPI is an unusual one who 
comes into our offi ce with incapacitating chronic 
AKP and a disabling disability with very poor 
Kujala score, as well as important psychological 
problems. Thus, the MPI patient is different from 
the “typical” AKP patient. In all the cases of the 
series of the fi rst author, there was a previous sur-
gical procedure consisting of an “extensive” iso-
lated LRR, sometimes associated with a proximal 
and/or distal realignment, to treat patellofemoral 
pain resistant to conservative treatment or to treat 
lateral patellar instability. The patient is a female 
in eight out of ten cases (80 %), which is con-
sistent with epidemiological studies on AKP. She 
had been evaluated by several physicians who 
had told her that there was nothing that could be 
done to solve her problem, and then she comes to 
our offi ce with a large folder full of radiological 
studies (MRI, CT scan, x-rays) that are identifi ed 
as normal or as “lateral patellar subluxation” or 
“chondromalacia patellae” at the most. However, 
the patient feels a new pain and a new instabil-
ity with day-to-day activities that are distinct and 
much worse than the ones prior to the LRR or 
realignment surgery. The question we should ask 
ourselves is: Are these radiologically “normal” 
tests enough to rule out an objective condition 
that justifi es the severe pain the patients suffer? 
The answer is an emphatic no. We can understand 
this answer by analyzing case # 1 (Fig.  12.1 ).

12.3        Diagnosis: Functional 
Evaluation 

 The diagnosis is based upon the physical exami-
nation. The clinical fi ndings are crucial for the 
diagnosis of MPI. The most important fi ndings 
are (1) pain and tenderness localized at the site 
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  Fig. 12.1    Case # 1. A 24-year-old woman with severe 
AKP (10/10 – VAS), a disabling disability (4/100 – Kujala 
score), and patellar instability in the left knee distinct 
and much worse than the previous instability, anxiety, 
depression, catastrophizing ideas with pain and kinesio-
phobia. This knee was operated on 2 years ago, perform-
ing an Insall proximal realignment and LRR. She came 
to our offi ce with conventional radiographs, which were 
 normal ( a ), and a CT at 0° that showed correct radiologi-
cal patellofemoral congruence ( b ). Nevertheless, the right 
knee was asymptomatic despite the patellar subluxation 

and patellar tilt ( b ). The Fulkerson relocation test for 
medial subluxation was positive. An axial stress radio-
graph of the left knee allowed us to detect an iatrogenic 
medial subluxation of the patella (medial displacement of 
15 mm) ( d ). Axial stress radiograph of the asymptomatic 
right knee ( c ). The symptoms disappeared after an iso-
lated surgical correction of the medial subluxation of the 
patella using iliotibial band and patellar tendon for repair-
ing the lateral stabilizers of the patella (From Sanchis-
Alfonso [ 8 ]. Reproduced with permission from Springer)       

a b c

  Fig. 12.2    Patellar glide test in a patient with multidirec-
tional instability. Pathologic lateral displacement of the 
patella ( a ). Pathologic medial displacement of the patella 
( b ). We have seen an image ( a ) similar to the sulcus sign 

( black arrow ) observed in patients with multidirectional 
instability of the shoulder ( c ) (From Sanchis-Alfonso [ 8 ]. 
Reproduced with permission from Springer)       

of the lateral retinacular defect, (2) increased 
passive medial patellar mobility (Fig.  12.2 ), 
(3) a positive medial patellar apprehension test, 

(4) a positive “gravity subluxation test” [ 9 ], and 
(5) a positive Fulkerson’s relocation test [ 10 ]. 
As always with a knee exam, the  contralateral 
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patella should be assessed to determine the 
amount of normal medial patellar subluxation in 
a particular patient. Our preference is the relo-
cation test described by Fulkerson [ 10 ]. This 
is a very important diagnostic test, particularly 
in patients who are symptomatic after previous 
realignment surgery or LRR. Fulkerson’s test 
consists of applying a medial translation force 
to the patella with the knee extended and then 
passively fl exing the knee, which causes a sud-
den entry of the patella into the trochlea from 
medial to lateral. In patients with symptomatic 
MPI, the relocation maneuver of Fulkerson 
will usually cause considerable discomfort, a 
feeling of apprehension and a dramatic repro-
duction of the painful instability sensation. 
In general, MPI occurs in the fi rst 30° of knee 
fl exion. MPI is often overlooked as a cause of 
symptoms because patients will complain of the 
patella moving laterally with early knee fl exion. 
One way that we help to diagnose the problem 
is to perform a “reverse” McConnell taping that 
holds the patella laterally to attempt to prevent 
it from subluxing medially. All of the patients 
in our series experienced signifi cant relief from 
their pain with this kind of tape. In the same way, 
application of a patellar brace with the buttress 
pad or strap on the medial side will minimize 
or eliminate symptoms of MPI. Both taping and 
brace serve as a diagnostic tool.

   Stress radiography, with the technique 
described by Teitge et al. [ 11 ], has proven to be a 
useful  diagnostic tool to document and to quantify 

MPI objectively. An axial stress CT scan, with the 
technique described by Biedert [ 12 ], also con-
fi rms the diagnosis (Fig.  12.3 ). If possible, a 
 comparison of the normal with the abnormal side 
is more important than the absolute amount of 
displacement.

   Stair climbing is one of the most painful and 
challenging activities of daily living for subjects 
with AKP. Moreover, it is universally accepted 
that going downstairs is more challenging than 
going upstairs due to the level of eccentric con-
trol required during step descent. Therefore, 
stair descent can be demanding enough from a 
biomechanical standpoint, not only to aggravate 
pain in AKP patients but also to trigger the use 
of defense strategies as well. This is the reason 
why we use the dynamic stair descent test 
(Fig.  12.4 ) in order to evaluate patients with 
AKP and MPI. We have shown a knee extension 
pattern during stair descent in these patients. We 
speculate that the knee extension pattern during 
stair descent is a strategy to avoid instability and 
pain. With knee fl exion, the patella migrates 
medially, and this displacement is greater in the 
absence of the lateral retinaculum in MPI 
patients. Moreover, with this knee extension 
pattern, there is a reduction in the knee extensor 
moment and therefore a reduction in pain. 
Finally, with this knee extension pattern, the 
posterior muscles work in a persistent elongated 
eccentric condition; this situation might be 
responsible at least in part for the posterior knee 
pain in MPI patients.

a b c

  Fig. 12.3    Patellofemoral imbalance secondary to lateral retinaculum release (iatrogenic medial patellar instability of 
the left knee). ( a ,  b ) Stress CT. ( c ) Absence of lateral retinaculum of the same patient delimited by  arrows        
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12.4        Treatment: A Paradigm 
of “Salvage” Procedures 

 Nonoperative treatment of these patients, which 
includes increasing quadriceps strength and 
stretching of the medial retinaculum, usually fails 
to relieve their symptoms or improve their func-
tion. Thus, the majority of these patients require 
surgical treatment. 

 We advocate diagnostic arthroscopy before 
open surgery to address concomitant patellofem-
oral chondral lesions, which can be common in 
this patient population, and rule out other 
 concomitant intra-articular knee conditions that 
can cause pain. 

 There are two surgical therapeutic approaches 
that are completely opposite: medial retinacular 
release [ 13 ] (functional surgery) and lateral retic-
ular repair or reconstruction [ 14 – 19 ] (reconstruc-
tive surgery). Reconstructive surgery includes 

direct ligament repairs or reconstructions of the 
“lateral patellofemoral ligament.” The recon-
structive procedures described use (1) the ilio-
tibial band, (2) the patellar tendon, and (3) the 
quadriceps tendon with a bone block. Hughston 
et al. [ 17 ] reviewed 65 cases of chronic medial 
patellar subluxation that were treated with either 
a direct repair (39 knees) or a reconstruction of 
the lateral patellofemoral ligament (26 knees). 
They reported that surgical revisions were 
required in 6 knees (9 %), complications occurred 
in 16 knees (25 %), and subsequent surgical pro-
cedures were necessary in 15 knees (23 %). 

 Given that the literature regarding surgical treat-
ment offers only evidence levels of IV or V, the 
surgical therapeutic approach should be based on 
common sense, experience, and the surgeon’s crite-
ria. A logical approach should be based on three 
elements: (1) repair what is damaged, (2) restore 
native anatomy [ 20 – 22 ] (Fig.  12.5 ) and functional-
ity, and (3) do not make the same mistakes again. 

  Fig. 12.4    Knee joint angle during stair descent. In this 
case the patient had fi ve previous surgeries and presented 
with severe AKP in spite of the patellofemoral arthro-

plasty. The cause of pain was MPI secondary to a previous 
“extensive” LRR (From Sanchis-Alfonso [ 8 ]. Reproduced 
with permission from Springer)       
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In this way, medial retinacular release can lead to 
future problems similar than those caused by 
“extensive” LRR. We must note that a certain pro-
cedure is not better because it is less invasive. 
According to Teitge and Torga [ 19 ], MPI reappears 
after the fi rst postoperative year after lateral reti-
nacular repair and imbrication. For this reason, the 
most logical approach should be to reconstruct 
the lateral patellar retinaculum. The preference of 
the fi rst author (V S-A) at the present time is the 
technique described by Jack Andrish [ 15 ] because 
it is very anatomic (Figs.  12.5  and  12.6 ) and allows 
us fi ne-tuning of the graft tension by adding sutures 
to further tighten the graft. As in reconstruction of 
the MPFL, the surgeon should tension the lateral 
reconstruction with the patella engaged within the 
trochlea with the knee fl exed 30°, approximating 
the orientation of the native deep transverse reti-

nacular ligament. The purpose of this technique is 
to reconstruct the deep transverse layer of the lat-
eral retinaculum and not the lateral patellofemoral 
ligament. The deep layer of the lateral patellar reti-
naculum is reconstructed using a central strip of the 
iliotibial band leaving it attached proximally and 
attaching it to the midpoint of the patella (Fig.  12.6 ). 
We must note that it is a “salvage” procedure. 
It does not address the original source of complaint. 
Moreover, it cannot improve or reverse symptoms 
from osteoarthritis, bony malalignment, or lateral 
instability caused by a MPFL injury.

    Patients with symptomatic iatrogenic MPI 
have chronic pain and the etiology of chronic 
pain is multifactorial with a different pathoneuro-
physiology than acute pain, including psycho-
logical factors like pain modulators [ 8 ]. Moreover, 
we must note that the mere fact that the patient 

  Fig. 12.5    Anatomy of the lateral retinaculum. Patella ( P ), 
deep lateral retinaculum ( DLR ), superfi cial lateral retinacu-
lum ( SLR ), iliotibial band ( ITB ), and vastus lateralis ( VL ). 
The true lateral patellofemoral ligaments are thickenings of 
the lateral capsule. There is a lateral epicondylopatellar liga-
ment described and present in some individuals, to varying 

degrees of frequency, but the superfi cial oblique and deep 
transverse retinacular layers are more consistent. The super-
fi cial oblique retinaculum is quite thin. The deep transverse 
retinaculum is stout, oriented in an optimal direction to 
restrain the patella and attached to the lateral boarder of the 
patella and the deep surface of the iliotibial band       

  Fig. 12.6    Reconstruction of the deep lateral retinaculum following the technique described by Jack Andrish       
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can sublux and even dislocate their patella medi-
ally is no guarantee that her pain and disability 
are directly due to the instability. Normally, 
reconstructive surgery is associated with other 
surgical procedures. In 80 % of our cases, we 
accompanied the lateral patellar retinaculum 
reconstruction with a partial arthroscopic syno-
vectomy of the inferior pole of the patella with its 
resultant denervation [ 23 ]. In 5 % of the cases, 
we added a trochleoplasty, a revision of previous 
anterior tibial tubercle osteotomy or a reconstruc-
tion of the MPFL. Therefore, we perform “a la 
carte” surgery in which we attempt to address 
each possible cause of pain. Thus, it is diffi cult to 
objectively determine how important the absence 
of the lateral patellar retinaculum is in the genesis 
of pain symptoms.  

12.5     Prevention of Postoperative 
Medial Patellar Instability 

 It is clear that “extensive” LRR is a major cause 
of MPI [ 3 ,  9 ,  17 ,  18 ,  24 ,  25 ]. We believe that the 
role of LRR is limited to the patient with clear 
signs and symptoms of lateral patellar hyper-
compression syndrome. In these patients, lateral 
retinacular lengthening has been advocated to 
prevent postoperative MPI [ 26 ,  27 ] (Fig.  12.7 ). 
Indeed, many years ago in 1978, when all LRRs 
were performed open, Larson et al. [ 28 ] stated 
that it is better to lengthen the lateral  retinaculum 
rather than release it. Recently, Pagenstert et al. 
[ 5 ] published a prospective double-blind study 

comparing open LRR with open lateral retinacu-
lar lengthening using the same end point in both 
groups to assure an “adequate” release. As 
an end point, they chose to use the 90° turnup 
test (rotational elevation of the lateral patella up 
to 90° in relation to the epicondylar axis) pub-
lished by Henry et al. 26 years previously [ 29 ]. 
Half the patients underwent a repair of this 
release using a pants-over-vest lengthening tech-
nique, and the other half were left unrepaired. 
Not surprisingly, the release-only cohort experi-
enced an unacceptably high incidence of severe 
quadriceps atrophy, worse outcome scores, and 
MPI. Not too long after Henry’s publication of 
this 90° turnup test, most knowledgeable sur-
geons abandoned its use for the same reasons 
demonstrated in the Pagenstert study: an unac-
ceptably high rates of quadriceps atrophy, worse 
clinical outcomes, and iatrogenic medial patellar 
subluxation, all the result of over-release of the 
lateral retinaculum [ 30 ].

   Pagenstert et al. [ 5 ] did conclude that the tur-
nup test be reduced to 70°, but it is unfortunate 
that the release-only cohort had to suffer such a 
high incidence of permanent damage in the pro-
cess. It would be interesting to repeat this study 
using a standard lateral release technique com-
pared with the lengthening technique. Such a 
study would be a more realistic comparison. 

 Unfortunately, many orthopedic surgeons 
attribute the severe adverse complications caused 
by over-release (“extensive” LRR) to all lateral 
release procedures. To our knowledge and in our 
experience, an isolated LRR performed properly 

a b c d

  Fig. 12.7    Schematic    diagram showing the lengthening 
of the lateral retinaculum (technical note according to 
Roland Biedert. MD). ( a ) The lateral retinaculum consists 
of a superfi cial oblique ( in blue ) and deep transverse part 
( in gray ). Synovial layer ( in orange ). ( b ) Lengthening is 
started incising longitudinally the superfi cial layer from 
its attachment to the lateral border of the patella. Then it 

is separated from the deep transverse layer. ( c ) Then the 
deep transverse layer is incised longitudinally and the 
synovial layer is opened. ( d ) Finally, the two parts of the 
lateral retinaculum are sutured together in 90º of knee 
fl exion. (From Sanchis-Alfonso [ 8 ]. Reproduced with 
permission from Springer)       
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has never caused an iatrogenic medial sublux-
ation with severe quadriceps atrophy. “Excessive” 
LRR plus improper patient selection (cases with 
severe trochlear dysplasia, patella alta, or hyper-
elasticity), such as releasing a lateral retinacu-
lum that is not tight, are the major reasons for 
poor results after LRR surgery. Because the pur-
pose of a lateral release is to normalize the tight 
soft- tissue restraints, there is no reason to release 
the retinaculum beyond the goal of 1–2 patellar 
quadrants of medial patellar glide or a lateral til-
tup of approximately 60° as advocated by 
Merchant [ 30 ,  31 ] and Ewing et al. [ 32 ]. A satis-
factory LRR should not cut the muscle or tendon 
of the vastus lateralis [ 31 ]. However, it is safe to 
release the LR distally to the joint line if neces-
sary to achieve these end points [ 31 ]. Marumoto 
et al. [ 33 ] in 1995 stated: “A lateral patellar reti-
nacular release that transects the tendon of the 
vastus lateralis muscle may result in signifi cant 
complications.” Their summary states: 
“Complications of lateral releases include medial 
patellar subluxation, vastus lateralis muscle atro-
phy and persistent quadriceps muscle weakness. 
These are likely due to excessive superior exten-
sion through the tendon of the vastus lateralis 
muscle that eliminates its function as a dynamic 
lateral stabilizer of the patella, and a major 
extensor of the knee. Maximizing the inferior 
extent of a lateral release while preserving the 
tendon of the vastus lateralis muscle may allow 
an adequate release of the patella while main-
taining the physiologic function of the vastus 
lateralis muscle.” 

 Our goal as surgeons is to achieve the best 
results possible for our patients using the least 
invasive and safest techniques available. By 
 treating all lateral patellar hypercompression syn-
drome patients who are candidates for surgery with 
open LRR and lengthening, surgeons have turned 
a relatively simple and low-risk arthroscopic pro-
cedure into a longer and more complex procedure 
for no measurable  advantage [ 30 ]. 

 Finally, MPI may also be secondary to MPFL 
reconstruction. An anterior and proximal place-
ment of the MPFL femoral graft insertion may 
also lead to iatrogenic medial patellar sublux-
ation. Therefore, as far as possible, one must 

 perform anatomic MPFL reconstructions. Apart 
from the femoral attachment position, another key 
factor in MPFL reconstruction is to maintain the 
appropriate tension of the graft throughout knee 
range of motion. It is important to tension the 
graft with the patella centered on the trochlea. 
Securing fi xation without maintaining correct 
patellar position can lead to symptoms of medial 
overload and possibly medial patellar sublux-
ation. In the case of revision surgery for failed 
patellofemoral realignment or MPFL reconstruc-
tion, one should not forget to establish a compe-
tent lateral retinaculum, even if the only observable 
instability is lateral. Moreover, the fi rst author has 
seen cases of lateral patellar instability where the 
only technique required to correct the problem 
was an isolated lateral retinaculum reconstruc-
tion. Indeed the lateral retinaculum is very impor-
tant in the treatment of lateral patellar instability 
as well as medial. In fact, Jack Andrish (personal 
communication) uses lateral retinaculum recon-
struction more often in revision surgery (com-
bined with whatever else is needed) for recurrent 
lateral patellar dislocations (when the lateral reti-
naculum has been destroyed) than he does for 
medial 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 

 The key question would be: How can one mea-
sure the importance of the lateral patellar reti-
naculum? The obvious answer would be to 
reconstruct only the lateral patellar retinaculum, 
and not to pay attention to other sources of pain 
such as Hoffa’s infrapatellar fat pad, chondropa-
thy, etc. We have verifi ed that isolated lateral 
patellar retinaculum reconstruction, without 
associated surgical procedures, eliminates pain 
and restores the knee’s function from a kinetic 
and kinematic point of view (see Cases # 2 and 3 –
Figs.  12.8 ,  12.9 , and  12.10 ). This leads us to 
believe that the lateral patellar retinaculum is an 
important structure of the knee.
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     There are several possibilities that can explain 
a medial instability of the patella: (1) a dominat-
ing vastus medialis over the vastus lateralis, (2) a 
weak or severed vastus lateralis, and (3) the 
absence of the lateral patellar retinaculum (pas-
sive element). Nonweiler and De Lee [ 9 ] believe 
that the main reason for medial patellar sublux-
ation following lateral release was vastus lateralis 
insuffi ciency secondary to the detachment of vas-
tus lateralis from the patella. On the contrary, 
Kramers-de Quervain et al. [ 34 ] have shown that 
MPI is mostly caused by the insuffi ciency of the 
lateral retinaculum following its release. They 
found that subluxation was more prominent in the 
unloading phase of gait when the quadriceps was 
inactive. In the cases that occurred spontaneously, 
Akşahin et al. [ 35 ] thought that the reason for 
medial subluxation was not only the vastus medi-
alis overdominance but also the insuffi ciency of 
lateral passive structures due to irreversible elon-
gation of the ligaments as a result of the chronic 
imbalance of the active structures. But the ques-
tion is: Why don’t all the patients operated with 
an LRR operation develop an MPI? In this way, 
Shellock et al. [ 3 ] showed that 17 of 40 patients 
(43 %) with unilateral arthroscopic LRR had 
medially subluxated patellae on the unoperated 

joints. They concluded that medial subluxation of 
the patella may have been present before the LRR 
but was not recognized in these patients. 

 If before the reconstruction of the lateral patel-
lar retinaculum in patients with MPI, the physical 
therapist had focused on regaining balance 
between vastus lateralis and vastus medialis and 
this had not improved the pain and it was not 
until the lateral patellar retinaculum reconstruc-
tion that the pain improved, we can surmise that 
the key element in the genesis of pain was a defi -
cient lateral patellar retinaculum with subsequent 
patellofemoral imbalance and its physiopatho-
logic consequences [ 8 ]. 

  Case # 2 (See Fig.  12.8 ) 
 A 25-year-old female came to our institution with 
a history of chronic severe anterior right knee 
pain, severe disability, and patellofemoral insta-
bility refractory to  conservative treatment, for 
about 5 years. The Kujala preoperative score was 
36 points. The exercise rehabilitation program 
performed in our institution was unsuccessful in 
improving her symptoms. 

 The patient underwent an Insall’s proximal 
realignment with LRR procedure at the age of 18 
due to recurrent lateral patellar dislocation. 

a

d e f

b c

  Fig. 12.8    Case # 2. Computed tomography (CT) exami-
nation in 0° extension and quadriceps contraction shows 
lateralization of the patella ( a ). Documentation of medial 
patellar instability ( b ). Preoperative gait analysis ( c ). 
Follow-up CT scan at 0° extension with quadriceps 

 contraction demonstrates similar lateral displacement of 
the patella in both knees ( d ), and stress CT revealed 
medial patellar stability ( e ). Postoperative gait analysis 
( f ) (From Sanchis-Alfonso et al. [ 25 ]. Reproduced with 
permission from Elsevier)       
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Following surgery, the previous symptoms disap-
peared, and she could play basketball again, but a 
different and worse type of knee pain around the 
patella developed with time and 1 year later she 
gave up playing basketball. 

 Physical examination of the knee revealed 
peripatellar and posteromedial pain, joint effu-
sion, a positive apprehension sign upon pressing 

the patella medially, and a positive Fulkerson’s 
relocation test. Conventional radiography, includ-
ing skyline views, revealed no abnormalities. 
MRI examination showed lateral subluxation of 
the patella and joint effusion. A computed tomog-
raphy (CT) examination in 0° extension with the 
quadriceps relaxed showed mild lateralization 
of the patella that increased with quadriceps 

a

dc

b

  Fig. 12.9    Case # 3. Loss of vascular homeostasis, 
expressed by a “hot” patella ( a ,  b ), may also be associated 
with AKP, and could be secondary to patellofemoral 
imbalance, in this case a multidirectional instability as is 
seen in the stress CTs ( c ,  d ). Increased metabolic activity 
correlates to regions of increased mechanical stress or 
loading. Intermittent hypoxia is considered one of the 

most important stimuli in bone remodeling. In this case 
the patellofemoral osteoarthritis was asymptomatic at 5 
years follow-up after the last surgery.  Arrows  indicate 
direction of the stress applied on the patella during stress 
CT (From Sanchis-Alfonso [ 8 ]. Reproduced with permis-
sion from Springer)       
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 contraction being greater on the right side than on 
the left side. CT of the patellofemoral joint in 
extension with manual patellar pressure (stress 
CT) revealed medial patellar instability. Gait 
analysis was performed for documentation pur-
poses prior to a subsequent reconstructive surgi-
cal procedure. Gait analysis revealed a signifi cant 
increment of the vertical heel contact peak force 
as a result of a knee extension gait pattern. 

 At the time of surgery, an arthroscopy of the 
right knee was performed. All the intra-articular 
structures were intact, except for a patellar chon-
dropathy grade III, according to the Outerbridge 
classifi cation, located medially and a peripatellar 
synovitis. We did not perform chondroplasty or 
peripatellar synovectomy. After the arthroscopy, 
we performed an open reconstruction of the lat-
eral patellotibial ligament according to the tech-
nique described by Hughston using the iliotibial 
band and the patellar tendon. 

 Four months after surgery, she was symptom- 
free. Gait analysis was performed at this time to 
evaluate the effects of surgical reconstruction of 
the lateral retinaculum on gait parameters. No 
signifi cant differences were seen when compared 
to the contralateral limb, the gait pattern being 
normal. One year after surgery, she was symptom- 
free. The follow-up Kujala score was 91 points. 
The follow-up CT scan at 0° extension with 
quadriceps contraction demonstrated a similar 
lateral displacement of the patella, and stress CT 
revealed medial patellar stability. Eight years 
after surgery, the clinical result is excellent. 

 If in a patient with severe AKP, signifi cant 
patellofemoral osteoarthritis, and a patellofemoral 
imbalance, due to a previous realignment surgery, 
one only reconstructs the lateral patellar retinacu-
lum, making the pain completely disappear; one 
can conclude that the element responsible for the 
pain is the imbalance and not the osteoarthritis. 
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  Fig. 12.10    Case # 3. Knee kinetics and kinematics dur-
ing stair descent in case #3. ( a ) Knee joint angle during 
stair descent. ( b ) Ground force reactions during stair 
descent. ( c ) Flexion-extension knee moments during stair 

descent. ( d ) Abduction-adduction knee moments during 
stair descent (From Sanchis-Alfonso [ 8 ]. Reproduced 
with permission from Springer)       
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This means that the lateral retinaculum plays a 
role in stabilizing the patella medially and later-
ally and is the key element in the genesis of pain, 
and therefore its reconstruction is the key of the 
surgical treatment.  

  Case # 3 (See Figs.  12.9  and  12.10 ) 
 A 41-year-old woman came to our institution 
complaining mainly of right patellofemoral insta-
bility and also of severe right AKP that had not 
improved with physical therapy. The preopera-
tive Kujala score was 24 points. The contralateral 
knee was completely asymptomatic. 

 This patient had been operated on 3 years 
before, with an Insall proximal realignment and 
LRR for a lateral patellar instability that was the 
main symptom, along with mild occasional pain 
during physical activity as a secondary symptom. 
After the fi rst surgery, as time went by, the patient 
mentioned that the patellar instability had 
increased, but it was different and more incapaci-
tating than the one she had before surgery. She 
also had more AKP. A year and a half after her 
realignment surgery along with worsening of the 
symptoms, another surgeon suggested a knee 
arthroscopy to which the patient agreed. With 
this second procedure (partial synovectomy and 
denervation), the pain worsened considerably as 
did the patellar instability that the patient had 
with day-to-day activities. 

 A physical examination of the knee showed 
AKP with a positive apprehension sign when 
pressing the patella medially and a positive 
Fulkerson’s relocation test. Moreover, there was 
an apprehension sign when pressing the patella 
laterally. The rest of the physical examination 
was completely normal. Conventional radiogra-
phy showed patellofemoral osteoarthritis. The 
radiographs prior to the fi rst surgery had shown 
no degenerative changes. An MRI examination 
showed a lateral subluxation of the patella and a 
severe patellar chondropathy. A CT examination 
at 0° extension and with a relaxed quadriceps 
showed mild lateralization of the patella. The 
TT-TG index was 10 mm. The stress CT of the 
patellofemoral joint in extension revealed medial 
patellar instability. Moreover the lateral stress CT 
of the patellofemoral joint in extension showed a 

lateral patellar displacement signifi cantly greater 
in the right knee compared to the left knee. 
A bone scan with Tc 99 m showed an increased 
pathologic uptake only in the patella. Kinetic and 
kinematic analyses were performed during stair 
descent, which showed that the patient had a stair 
descent pattern with knee extension, a decrease 
in the stance phase duration on the platform, 
reduced values of the extensor moment, and 
reduced values of the abduction moment. 

 Before reconstruction of the lateral retinacu-
lum, arthroscopy was performed. A severe patel-
lofemoral osteoarthritis was noted but not treated. 
The rest of the fi ndings were normal. A recon-
struction of the lateral retinaculum using fascia 
lata was performed according to the technique 
described by Jack Andrish. 

 Kinetic and kinematic analyses during stair 
descent were performed at 6 months and 12 months 
after surgery and showed a progressive recovery of 
the kinetic and kinematic parameters. Twelve 
months after surgery, the patient was asymptomatic 
and could go down the stairs in a natural way with-
out any problem. The  postoperative Kujala score 
was 94 points. Five years after surgery, the clinical 
result is excellent.   

12.7     Personal Experience: Clinical 
Results 

 We have analyzed 17 cases from the personal 
series of the fi rst author (V S-A) of patients with 
MPI causing disabling AKP with a mean follow-
 up of 55 months (range, 24–96 months). In all 
cases, the relocation test of Fulkerson was posi-
tive, and palpation on the distal pole of the patella 
and the proximal patellar tendon was very pain-
ful. All were operated on using the technique 
described by Jack Andrish combined with a par-
tial arthroscopic synovectomy of the inferior pole 
of the patella. We excluded any patients with 
workman compensation issues in this series, and 
all belonged to a medium-high socioeconomic 
level. Moreover, we excluded those cases associ-
ated with trochleoplasty, anterior tibial tubercle 
re-osteotomy, and MPFL reconstruction. The 
mean preoperative VAS was 7.58 ± 1.54 (range, 
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5–9), compared with the mean postoperative 
score of 1.91 ± 2.42 (range, 0–8). Mean preopera-
tive Lysholm score was 36.35 ± 14.04 (range, 
20–55), and the knee was described as bad in 
100 % of cases. Mean postoperative Lysholm 
score was 86.11 ± 7.77 (range, 70–94), with 35 % 
of the knees described as fair, 17 % as good, and 
47 % as excellent. There was an improvement in 
the postoperative Lysholm score compared with 
the preoperative value in all the cases. Thus, even 
in the patients with a non-satisfactory result, 
there was improvement. Twenty-three percent of 
the patients had clinical criteria of depression 
before surgery, 58 % of anxiety, 41 % had cata-
strophizing ideas with pain, and 100 % suffered 
kinesiophobia. After surgery, none of the patients 
had the criteria for depression or anxiety. None of 
the patients had catastrophizing ideas, and only 
53 % had kinesiophobia. Thirteen percent had 
sued the physician who had operated on them 
previously, not because of the failed surgery but 
because of the psychological disdain they had 
been subject to. This indicates how important 
psychological factors are in these patients, more 
so than in other cases of chronic pain. We must 
also note that pain had an anatomic objective 
basis and that psychological factors are only 
modulating factors that, however, are still very 
important in this condition. Relative to satisfac-
tion with the treatment received, we must keep in 
mind that 100 % of the patients would decide to 
have the same type of procedure again. This 
opinion demonstrates the benefi t of this tech-
nique as well as how disabling MPI can be.  

    Conclusion 

 MPI is an objective condition with its own 
personality causing incapacitating AKP. We 
must suspect an MPI in a patient with AKP 
and previous realignment surgery that has 
made this pain more disabling. Unfortunately, 
many orthopedic surgeons attribute the severe 
adverse complications caused by over-release 
of the lateral retinaculum to all lateral release 
procedures. To our knowledge and in our 
experience, an isolated LRR performed prop-
erly has never caused an iatrogenic medial 
subluxation with severe quadriceps atrophy.     
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        Patellofemoral disorders are a complex argument 
still debated in the scientifi c community; many 
classifi cations have been proposed, and treatment 
cannot be considered by a single algorithm. 

 We refer to the classifi cation of the French 
school [ 1 ] that considers three groups of patholo-
gies: objective patellar instability, potential patel-
lar instability, and patellofemoral pain syndrome 
(PFPS). 

 Nonoperative treatment can be considered the 
primary approach for patellofemoral disorders in 
particular for PFPS, an extremely common prob-
lem especially in the young population, charac-
terized by anterior knee pain, without episodes of 
dislocation and without the four major factors of 
patellar instability (trochlear dysplasia, patella 
alta, increased TA GT distance, patellar tilt). 

 To underline the role of conservative treat-
ment in patellofemoral pathologies, it is notewor-
thy a sentence from Grelsamer in a paper of 1998 
[ 2 ]: “there should be no distinction between the 
terms conservative and surgical when it comes to 
treatment of the patella. Treatment should always 
be conservative, be it surgical or not.” 

 It is generally assumed that an adequate and 
prolonged rehabilitative treatment must be indi-
cated up to 6–8 months before considering unsuc-
cessful the conservative approach. 

 The rationale of nonoperative treatment 
derives from the multifactorial etiology of PFPS. 
Besides overuse and biomechanical and muscle 
imbalance causes that are traditionally reported, 
we have to consider other more recently described 
factors such as alterations in vascular, nervous 
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and  functional characteristics of peripatellar 
tissue [ 3 ]. Moreover we have to consider the 
 psychological aspects that are usually involved 
in patients affected by anterior knee pain. 

 Different theories can be proposed in the 
 etiology of PFPS [ 3 ]:
•    Biomechanical theory: anatomical and biome-

chanical alterations, such as malalignments 
and postural defects, can cause the release of 
cartilage fragments inducing an infl ammatory 
synovial reaction that produces cytokines 
and pain.  

•   Functional theory: excessive mechanical load 
on the extensor mechanism can induce an 
alteration of joint homeostasis. Activities must 
be kept in a frequency and load applied within 
the available “envelope of function” [ 4 ].  

•   Biological theory: it is the case of idiopathic 
chondromalacia and synovial plicae.  

•   Neurogenic theory: a neuromuscular altera-
tion or a malalignment can induce, through 
repetitive microtrauma, an ischemic damage 
of the retinaculum and a consequent degenera-
tive neuropathy [ 5 ]. This alteration produces 
an increase of substance P, NGF, and other 
hyperalgesic factors, as described in the “fall 
of Sanchis,” leading to pain [ 6 ,  7 ].    
 The anamnesis and the clinical examination 

are fundamental aspects in order to defi ne the 
proper conservative treatment. Patients may refer 
a history of traumatic episodes, previous surgery, 
overuse, overload, and modifi cation in training 
habits, including sudden decrease in physical 
activity. Psychological aspects can be related to 
previous unsuccessful experience of treatment 
with poor clinical results; therefore, patients are 
often demotivated or affected by character fragil-
ity, depression, and anxiety that can reduce com-
pliance to a prolonged rehabilitation, leading the 
patient to a detrimental avoidance attitude. 

 On clinical examination, it is possible to reveal 
several alterations that must be kept in mind for 
treatment. Common conditions are malalign-
ments of lower limbs, hyper-pronation of the foot 
(investigate the subtalar joint!), different length 
of the limbs, reduction in muscle fl exibility and 
tone, hypotrophy, poor dynamic control during 
squat test, patellar laxity, positive provocative 

pain test, skin alterations (hyperemia, scars, etc.), 
and emotional aspects. 

 Evaluation of radiological fi ndings is also nec-
essary to defi ne anatomical, biomechanical, and 
biological factors that must be considered in the 
rehabilitation protocol. Radiographs, CT scan, 
and MRI can be helpful in diagnosing patello-
femoral disorders, depending on clinical evalua-
tion and according to specifi c protocols. 

 Based on all these factors, rehabilitation proto-
cols must be customized and adapted to the single 
patient. An important criterion is the progression 
of the rehabilitation loads depending on adapta-
tion of the joint and patient’s reactions to applied 
stimuli (specifi c adaptation to imposed demand). 
Pain and swelling reaction must always be avoided 
because they can worsen clinical conditions 
inducing a delay in recovery and a diminished 
trust in the rehabilitation program by the patient. 
The evaluation of pain is very important, and a 
good experienced physician has to distinguish 
among pain, soreness, and fear of pain through an 
accurate series of questions to the patient. 

 The key points of the nonoperative treatment 
of PFPS can be resumed as follows [ 8 ]:
•    Therapeutic exercise  
•   Manual therapy  
•   Treatment modalities  
•   Pharmacological therapy  
•   Taping, braces, and plantar foot orthotics  
•   Psychological approach    

13.1     Therapeutic Exercise 

 A proper exercise program is the “core” of the 
treatment of patellofemoral pathologies. The 
recovery of muscle balance, in terms of fl exibility 
and strength, together with the recovery of nor-
mal function with a correct neuromuscular and 
dynamic control during movement, can be alone 
the key of the resolution of symptoms and dis-
abilities in these patients. 

 Therefore, a fi ne evaluation must be done by 
the clinician to investigate all the anatomical, 
postural, biomechanical, and functional factors 
we have mentioned above in order to defi ne the 
proper rehabilitation program for each patient. 
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 In our opinion the common prescription of 
simple “muscle quadriceps isometric strengthen-
ing and swimming” can be often useful but is too 
generalized and inadequate compared to the 
potential benefi ts of a complete and well- 
designed exercise rehabilitation program. 

 When possible, it is suggested to investigate 
knee muscle strength through isokinetic testing. 
This analysis can provide several information 
about pain-free range of motion, muscle recruit-
ment, and muscle group balance and strength. It 
will be surprising that in many cases, we will fi nd 
a muscle strength defi cit in the knee fl exor muscles 
and not in the extensors as normally supposed. 

 In general, strengthening exercises in patello-
femoral problems must be performed on pain- 
free range of motion, starting with submaximal 
and isometric exercises improving to concentric 
and eccentric modalities with different resis-
tances and speeds of movement. At the begin-
ning, closed kinetic exercises between 0° and 50° 
and open kinetic exercises between 0° and 30° 
are normally better tolerated. 

 Vastus medialis obliquus (VMO) is the main 
medial dynamic stabilizer and must be trained 
especially in patellofemoral disorders character-
ized by hyper-pressure of the lateral facet of the 
patella and lateral malalignments. It is notable 
that, during strengthening exercises of the quad-
riceps muscle, rotation of the hip (modifying the 
position of the foot) and concomitant co- 
contraction of fl exor muscles don’t activate VMO 
in a preferential way as normally believed [ 9 ]. 

 To enhance muscle mass and tone, it is recom-
mended the use of electrical stimulation, in par-
ticular during the fi rst phases of rehabilitation, 
when pain can limit normal execution of thera-
peutic exercises. Quadriceps and VMO are the 
preferential muscle groups treated with electrical 
stimulation. 

 A key point in the control of dynamic move-
ment of the knee is represented by hip muscles, in 
particular abductor and external rotator muscles. 
Tensor fasciae latae, gluteus medius, gluteus 
maximus, and other muscles involved in the 
external rotation and extension-abduction must 
be trained to control internal rotation and adduc-
tion of the femur during functional movement 

that can lead to an increased valgus of the knee. 
This characteristic is more frequent in female 
patients with increased femoral internal rotation 
and increased Q angle of the knee. 

 Many papers have underlined the positive effects 
of hip external rotation and abductor muscles in 
patellofemoral syndromes. It is reported a reduction 
of pain and an increase of function with exercise 
programs that involve strengthening of hip muscles, 
stretching, and neuromuscular control [ 10 – 13 ]. 

 Patients can exercise at the beginning lying 
down against manual, elastic, or weight resis-
tance moving to standing exercises (Fig.  13.1 ) 
and gradually increasing the modalities and loads 
of exercises. The goal is to exercise in dynamic 
conditions like step up-down exercises and jump-
ing or plyometric exercises involving the control 
of all the kinetic chain from the foot to the upper 
body (Fig.  13.2 ). Thus, it is necessary during the 
program to train trunk and pelvis muscles stabi-
lizers, both in static and dynamic conditions. 
Exercises of “core strengthening” and “core sta-
bility” are therefore recommended to increase 
tone of gluteus, abdominal, and extensor trunk 
muscles (Fig.  13.3 ).

     During dynamic exercises, the physical thera-
pist must correct erroneous movements in par-
ticular, the tendency at knee valgus and 
intra-rotation of the hip. 

 Proprioceptive and neuromuscular exercises 
are fundamental in the rehabilitation process of 
these patients in the last phase of rehabilitation. 
Many unstable devices and balance training paths 
are available to train coordination and neuromus-
cular characteristics. 

 In case of alterations of plantar foot anatomy 
and biomechanics, especially in subjects with 
static and dynamic hyper-pronation of the foot, it 
is recommended to train anti-pronator muscles 
and muscles that stabilize the ankle, both with 
strengthening and proprioceptive exercises with-
out shoes. 

 Another key point of treatment is the need to 
improve physical fi tness status, frequently 
decreased in these patients as a consequence of 
their movement avoidance. Consequently, low-
ered physical fi tness can contribute to enhance 
physical disability and psychological distress. 
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To increase muscle endurance, it is suggested 
aerobic exercises on the cyclergometer with high 
seat and/or exercises on a cross-trainer before 
running on fl at surface. Every activity must be 
done in a pain-free manner, gradually increasing 
resistance and duration of exercise. 

 Stretching exercises are important weapons 
too, necessary to help to resolve muscle fl exibility 
defi cits. Often patients affected by PFPS present a 
reduced fl exibility of the posterior muscle chain 
(hamstring and calf muscles) and lateral tight 
muscles (tensor fasciae latae and vastus lateralis). 
This situation can increase the confl ict at the 
patellofemoral joint even in the activity of daily 
living. Therefore, it is important to restore a bal-
ance between all the muscles that act on the knee. 
Stretching of quadriceps, hamstrings, tensor fas-
cia latae, gluteus, iliopsoas, and gastrocnemius 
can be recommended depending the individual 
situation and postural characteristics. The posi-
tion of each exercise must be kept for at least 30” 
and repeated daily for fi ve to six times for every 
muscle group without discomfort or pain.   Fig. 13.2    Step down eccentric exercise       

  Fig. 13.1    Hip muscle strengthening with elastic resistance       
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 Another important chapter is the hydrokinesis 
therapy that is particularly useful in the fi rst phase 
of the rehabilitation to exercise in a gravity- 
reduced environment that offers many possibilities 
to improve range of motion, fl exibility, strengthen-
ing, and neuromuscular control. Furthermore the 
pool offers the chance to experience advanced 
motor skills like running and jumping in a soft 
environment helping the patient both psychologi-
cally and physically towards the full recovery. 

 The last phase of functional recovery is the 
rehabilitation of specifi c gesture, including sport 
activities. To train running ability, stop and go, 
change of directions, skill pathways, jumping, 
and other exercises typical of every sport activity, 

we use to perform a part of the rehabilitation pro-
cess on the fi eld, always under the supervision of 
a qualifi ed rehabilitation trainer. This work can 
allow the patient to come back to complete func-
tional activity which is a delicate transition for 
patients affected by patellofemoral problems 
even by a psychological point of view.  

13.2     Manual Therapy 

 Many advantages can be obtained from proper 
use of manual treatment in PFPS. The rationale is 
to treat stiff, retracted, or fi brotic tissues and to 
restore a balance between the structures acting on 

  Fig. 13.3    Core stability 
exercises       
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the patella. Often manual therapy is associated to 
stretching and mobilization techniques to 
improve the results of treatment. 

 Mobilization of the patella and massage of 
peripatellar tissue can help the recovery of a bet-
ter function of the patellofemoral joint during 
movements, leading to a reduction of pain. 

 Patella is more often mobilized in a lateral to 
medial direction in order to stretch the lateral 
retinaculum, contrasting the frequent lateral 
subluxation. 

 The treatment of trigger points and the mas-
sage therapy of muscles and tendons help to 
reduce contractures and painful areas. 
Quadriceps, hamstrings, gastrocnemius, and 
adductor and abductor muscles (including fascia 
latae) are the main muscle groups to be treated 
with these techniques. 

 A chiropractic evaluation can be indicated to 
investigate and resolve alterations in the postural 
habits involving lower limbs, pelvis, and spine. 
A typical fi nding is the reduced mobility of the 
sacroiliac joint that can induce postural changes 
and asymmetric overload on the spine and lower 
limb joints.  

13.3     Treatment Modalities 

 There is no consensus in the scientifi c community 
on the effi cacy of treatment modalities in patel-
lofemoral pain syndrome. Many treatments 
can be address for the joint, peripatellar tissue, 
muscle, and tendon depending on the individual 
clinical situation and according to the physiatrist. 

 Pulsed electromagnetic fi elds (magneto ther-
apy), ionophoresis with anti-infl ammatory drugs, 
and ultrasounds can be indicated for cartilage and 
joint infl ammation. 

 High power laser therapy is recommended for 
peripatellar tissues. 

 The application of warmth, like hyperthermia, 
can be useful to reduce stiffness and contractures 
of muscle and tendons. 

 Ice is indicated in every infl ammatory 
condition and at the end of the rehabilitation 
sessions. Transcutaneous electrical therapy 

(TENS) is  generally used to reduce pain in 
association to other modalities or when a pain 
killer effect is desired to facilitate manual 
mobilization and functional training in a pain-
free situation.  

13.4     Pharmacological Therapy 

 The use of drugs is a valid resource in the hands of 
the physician. However, no medicine can substitute 
the rehabilitation treatment. Anti- infl ammatory 
and analgesic medicines can be used to control 
the acute phase of infl ammation and pain, together 
with treatment modalities (especially ice). In case 
of cartilage damage and incoming osteoarthritis, 
glucosamine and chondroitin supplements may 
be suggested [ 14 ]. Hyaluronic acid is often intra-
articularly injected with the intent to feed the carti-
lage tissue, to  create a protection between cartilage 
surfaces, and to stimulate autogenous hyaluronate 
self- synthesis [ 15 ,  16 ].  

13.5     Taping, Braces, and Plantar 
Foot Orthotics 

 The use of taping and braces has a long history in 
PFPS. The goal of these tools is to restore a better 
patellofemoral tracking during active movements 
and exercises. The stabilization obtained with 
taping and braces may decrease pain, reduce 
malalignments, and improve the ability of per-
forming exercises [ 17 ,  18 ]. It is important to 
underline that the use of these devices doesn’t 
substitute the recovery of a proper muscle tone 
and function. Therefore, it is suggested to limit 
the use of taping and braces to selected cases and 
to remove it as soon as possible. 

 Many techniques are available. More than 
25 years ago, McConnell [ 19 ] proposed the use 
of taping. Since then, many other techniques 
have been proposed, and different materials have 
been produced to improve stabilization and pro-
prioceptive effects of bracing or taping. 

 The patella can be pushed medially or later-
ally and superiorly or inferiorly, depending on 
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clinical individual condition. Commonly the 
patella is taped to the medial compartment to 
 correct excessive lateralization. 

 Plantar foot orthotics are a useful tool to cor-
rect postural and anatomical alterations, in par-
ticular conditions of foot hyper-pronation that 
can lead to an increased valgus of the knees. It is 
suggested a static and dynamic evaluation of the 
foot and a study of walking and running patterns. 
Based on a computerized and video analysis, 
functional compensations can be identifi ed and 
corrected by using plantar supports.  

13.6     Psychological Approach 

 Patients affected by PFPS are usually involved in 
a long time clinical history. Often the patient 
refers many previous treatments without clinical 
success. These situations associated to a pro-
longed rehabilitation process (up to 6–8 months) 
may explain how these patients are normally 
“energy and time consuming.” Therefore, the 
psychological and motivational aspects are really 
important and often underestimated. The case 
manager medical doctor and the physiotherapist 
must investigate psychological aspect and strictly 
follow the patient during the rehabilitation, keep-
ing high his/her motivation and giving him or her 
the proper stimuli. Also for these reasons, pain 
must be avoided during the exercises as it may 
have negative effects on the patient. 

 In selected cases, psychological consultation 
can be proposed.     
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14.1            Introduction 

 The incidence of primary patellar dislocation is    
5.8 per 100,000 and this increases to 29.0 per 
100,000 in the 10–17-year-old age group [ 21 ,  26 ]. 

 The recurrence rate ranges from 15 to 44 % 
after nonoperative treatment of an acute injury 
[ 26 ]; 58 % of patients continue to experience 
pain and mechanical symptoms after the initial 
dislocation episode [ 2 ] and 55 % fail to return to 
full sports activity [ 2 ]. 

 Instability of the patellofemoral joint is a mul-
tifactorial problem related with limb alignment, 
osseous architecture of the patella and trochlea, 
the integrity of the soft-tissue constraints and the 
interplay of the surrounding muscles [ 64 ]. 

 Treatment of patellar instability requires an 
understanding of the aforementioned relation-
ships and how to evaluate them. Conservative 
treatment for acute patellofemoral dislocation 
has been the classical approach for many years. 
Maenpaa and Lehto [ 34 ] presented their results 
with conservative treatment reporting a recur-
rence of 44 % of cases. 

 Surgical treatment was fi rst described by Boring 
and O’Donoghue who repaired the medial capsule 
in 18 patients with no recurrences in the follow-up 
period [ 8 ]. Kaplan was the fi rst to describe the 
medial patellofemoral ligament (MPFL) in 1957 
[ 30 ]. However, it was only in 1996 that its repair 
was described for acute patellofemoral dislocation 
with no recurrent dislocation [ 47 ]. 

 Other surgical procedures have been described 
to treat acute patellofemoral dislocation; how-
ever, it is still a matter of discussion whether sur-
gical treatment is eligible and which is the 
adequate procedure to achieve optimal results. 

 The outcomes of nonoperative and operative 
treatment for acute patellofemoral dislocation are 
very variable and there are no straightforward 
guidelines accepted. Only nowadays, papers are 
being published with comparable randomized 
series with identical populations and similar 
treatment. 

 This review is intended to address the follow-
ing questions: (1) How should a fi rst-time acute 
patellar dislocation be evaluated (which are the 

most important factors to consider)? (2) Which is 
the relevance of combined osteochondral frac-
tures? (3) When should the initial management 
be surgical versus nonoperative treatment?  

14.2     Pathophysiology of Acute 
Patellar Dislocation (Major 
Factors to Consider) 

 The incidence of primary patellar dislocation is 
in average 5.8 per 100,000 per year in the gen-
eral population [ 21 ]. The highest incidence 
occurs between the age of 10 and 17 (29 per 
100,000) [ 29 ]. Currently, it is considered that 
most of these patients will not suffer subsequent 
instability episodes; however recurrence rates of 
15–44 % after conservative treatment have been 
reported [ 29 ]. In a recent study focused on pedi-
atric and adolescent populations, patients with 
acute patellar dislocation combining immature 
physes and trochlear dysplasia had a recurrence 
rate of 69 % [ 32 ]. Patellofemoral dislocation 
might occur after a traumatic event causing dis-
ruption of normal patella position in the troch-
lear groove. Two common activities that have 
frequently been associated with episodes of 
patellar dislocation are sports activities (61 %) 
and dance (9 %) [ 21 ]. 

 The required force to dislocate the patella 
probably varies according to individual patello-
femoral characteristics. When the femur rotates 
internally while the tibia suffers external rotation, 
with a foot fi xed on the ground, the patella may 
dislocate without presence of preexistent patho-
logical patellofemoral characteristics [ 53 ]. 
However, more frequently, patellar dislocation 
will occur in knees presenting risk factors for 
patellar instability (Fig.  14.1 ).

   Risk factors for patellofemoral instability 
include patella alta, trochlear and patellar dyspla-
sia, lateral patellar tilt, increased Q angle,  vastus 
medialis obliquus  (VMO) insuffi ciency, exces-
sive TT-TG, patellar tendon length [ 38 ], genu 
valgum, medial patellofemoral ligament (MPFL) 
hyperlaxity, increased femoral anteversion, and 
increased external tibial external torsion [ 42 ]  (16) . 
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These factors are described with further detail 
elsewhere within this publication. 

 In recent years, many researchers, like Kuroda 
[ 37 ] and Dejour, Arendt, and Zaffagnini [ 63 ], 
have focused on the importance of MPFL in 
patellar dislocation. 

 Anatomically, the MPFL is a thin band of reti-
nacular tissue transversally connecting from the 
medial condyle to the medial aspect of patella, 
attaching to the undersurface of the VMO proxi-
mal to its patellar insertion. There is a region of 
common meshing fi bers of approximately 20.3 
mm between MPFL and VMO [ 31 ,  52 ]. The 
MPFL seems to be the most important dynamic 
stabilizer of the patella in early fl exion [ 43 ]. 
Biomechanically, MPFL is the primary ligamen-
tous restraint, providing about 50–60 % of the 
restraining force against lateral patellar displace-
ment [ 6 ,  45 ]. Clinically, up to 94–100 % of 
patients suffer MPFL rupture after acute patellar 
dislocation. Some authors suggest that lateral 
patellar dislocation is frankly impossible without, 
at least a partial damage to the MPFL [ 18 ,  41 ]. 

 MPFL injuries are located most frequently at 
the femoral attachment [ 41 ,  47 ] but are also 
located in the patellar attachment (Fig.  14.2 ) or in 
the mid-substance region [ 18 ,  54 ].

   The origin of the medial patellofemoral liga-
ment (MPFL) at the femur and its insertion at the 
patella are characterized by high individual varia-
tions. The origin on the medial femoral condyle 
is created by an arc of fi bers originating from the 
anterior edge of the superfi cial medial collateral 
ligament near the medial epicondyle and fi bers 
originating from the medial epicondyle or the 
adductor tubercle. This thin but wide ligament 
is located in layer 2 of the medial soft-tissue 
structures [ 5 ,  31 ,  42 ]. 

 Senavongse et al. [ 51 ] reported that lateral 
patellar displacement occurred at the lowest 
restraining force (74 N) at 20º of knee fl exion. 

 Currently, MPFL injury patterns have been 
identifi ed and categorized into four types based 
on MRI fi ndings: injuries in the patellar insertion, 
mid-substance, femoral origin, and combined 
injuries [ 3 ,  4 ,  61 ]. 

 However, it is diffi cult to differentiate the mid- 
substance injury from patellar or femoral injury 
patterns when the injury is located at the mid-
substance- patellar insertion or at the mid-
substance- femoral insertion junction zones [ 64 ]. 
Additionally, the same mid-substance injury may 
result in different clinical outcomes, with or 
without the presence of VMO attachment [ 5 ]. 

  Fig. 14.1    Typical MRI aspect after acute patella dislocation, presenting effusion, MPFL injury, and bone edema in 
medial patella and lateral femur       
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 Therefore, the VMO-based three-part classi-
fi cation, according to the injury location with 
or without VMO attachment, for acute MPFL 
injury was introduced: the overlap-region 
injury,  non-overlap- region injury, and com-
bined injures. Clinical nonsurgical outcomes 
for acute patellar dislocation were analyzed tak-
ing into account different injury types accord-
ing to the latter classifi cation system [ 5 ]. The 
hypothesis was that nonsurgical treatment 

would achieve better clinical results in stability 
and subjective patellofemoral function for the 
overlap-region injury than that for the non-
overlap-region injury. 

 Nonsurgical treatment yielded satisfactory 
clinical outcomes when the injury was at the 
overlap region and therefore might be the treat-
ment of choice for such type of injury. The opti-
mal choice for the non-overlap-region injury still 
requires further researches. 

  Fig. 14.2    MRI study specifi c for patellofemoral joint on 
a 10-year-old patient presenting trochlea dysplasia: rup-
ture of MPFL with small avulsion ( red arrow  –  a ); sulcus 

angle 151° ( b ); bone edema ( yellow arrows  –  b  and  c ); 
patella  alta , Insall-Salvati index 1.6 ( d ); TTGT = 21 ( e )         

a b

dc
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14.2.1     Evaluation of First-Time Acute 
Patellar Dislocation 

 The initial evaluation of a fi rst-time traumatic 
patellar dislocation should include an appropriate 
patient history, family history of patellar disloca-
tion, and hyperlaxity. 

  Aspiration of the knee joint  might be per-
formed as a diagnostic and therapeutic gesture in 
patients with moderate to severe effusions [ 46 , 
 58 ]. Fatty globules visible on aspirate are sugges-
tive of an osteochondral fracture. It increases 
patient comfort and diminishes pressure within 
the joint. Clinical and radiographic evaluation 
(particularly Merchant’s view at 45° fl exion, 
schuss view, and 30° lateral view, which might be 
diffi cult with concomitant severe hemarthrosis) 
are important. Following ACL ruptures, acute 
patellar dislocations are the second most frequent 
etiology of acute knee hemarthrosis [ 24 ]. A hem-
arthrosis around 50 mL volume or higher has 
been associated with a lower recurrence rate [ 58 ]. 
The proposed  rationale  is that bigger hemarthro-
sis might represent a more traumatic event versus 
a patient with dislocation after lower-energy 
mechanism which might have previous risk fac-
tors, thus requiring a less amount of energy to 
make the patella dislocate. 

  Physical examination  (Fig.  14.3 ) is mandatory to 
rule out other injuries, such as anterior cruciate and/
or medial collateral tears that involve similar mech-
anisms and might also occur concomitantly [ 29 ].

   Alignment of lower extremities must be 
checked and presence of global laxity ruled out 
(hypermobility of the opposite knee, elbows, 
thumbs; small fi ngers) (Fig.  14.4 ).

   Patellar mobility and apprehension might be 
inspected. However it can be diffi cult to assess on 
the acute setting. Global stability of the knee 
joint should be tested to check other structures. 
Palpation is important aiming to fi nd specifi c 
areas of tenderness. Palpable defects in the VMO, 
adductor mechanism, medial patellofemoral liga-
ment (MPFL), and an easily dislocatable patella 
have been considered prognostic factors for poor 
nonoperative outcomes [ 28 ]. 

  Radiographic assessment  should include an AP 
extended knee weight-bearing view, a Merchant’s 
view with comparison of the opposite knee, Schuss 
view, and a 30° fl exion lateral view. Osteochondral 
fractures have been reported to be missed in 
30–40 % of initial radiographs (Fig.  14.5 ) based on 
both surgical and MRI studies [ 57 ].

   Intra-articular loose bodies have been reported 
to be a major factor for poor outcome for nonop-
erative or late surgical treatment [ 29 ,  58 ]. In such 
cases, arthroscopic or open surgical approach 
should be performed in acute setting. 

  CT scan  has played a relevant role in evaluat-
ing patellofemoral joint in last decades [ 16 ]. It is a 
less expensive method (comparing to MRI) for 
assessment of patellofemoral alignment and risk 
factors for instability or to detect osteochondral 
fractures or loose bodies. CT scanning is useful in 

eFig. 14.2  (continued)
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measuring patellar tilt, translation, tibial tuberos-
ity trochlear groove (TTTG) distance, and troch-
lear dysplasia [ 27 ]. It is also useful in evaluating 
lower-limb alignment (torsional deformities) and 

determining the rotational relationship between 
the tibial tuberosity and femoral sulcus in differ-
ent degrees of fl exion. However, it has limited 
capacity to assess soft tissue. Furthermore, in 

  Fig. 14.3    Deformity and effusion after patellar dislocation       

  Fig. 14.4    Thumb-forearm 
apposition maneuver in a 
patient with hyperlaxity       
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skeletally immature patients, the cartilaginous 
femoral sulcus contour is shallower than the 
underlying bone. For this reason, measurement of 
the bony femoral sulcus angle in these circum-
stances is less accurate than evaluating the carti-
laginous femoral sulcus angle by ultrasound or 
MRI [ 39 ]. 

  MRI assessment  is important to assess carti-
lage status of patellofemoral joint and to evaluate 
the site and extent of soft-tissue damage to the 
medial patellar stabilizers (mainly MPFL). 
Moreover it has higher capacity to evaluate dif-
ferent soft tissues including meniscus and liga-
ments which might be concomitantly damaged or 
constitute differential diagnosis. 

 With the development of magnetic resonance 
sequencing, MRI is becoming more specifi c in 
assisting the surgeon in deciding on nonopera-
tive versus operative management and also com-
bines the possibility to measure “classical 
instability factors initially described on CT” [ 48 ] 
(Fig.  14.6 ).

   Fithian et al. [ 21 ] described that, if evidences 
of acute injury in the MPFL or VMO are visible 
on MRI, it might represent a tendency for lower 
risk of subsequent patellar instability [ 21 ]. 
However, no statistical signifi cance was achieved. 
Injury on the femoral side of MPFL might be pre-
dictive of higher-risk subsequent patellar insta-
bility [ 56 ]. Once more, it remains unclear if 
MPFL reconstruction in this setting leads to 
improved long-term clinical outcomes. 

 Dynamic MRI evaluation of patellofemoral 
joint might bring, in near future, further knowl-

edge concerning guidelines for operative versus 
conservative treatment decision in acute setting 
(Fig.  14.7 ).

14.3         Current Treatment Options 

 The treatment of    patellar dislocation involves the 
resolution of the acute situation (deformity, pain, 
functional impairment) but also aims to minimize 
squeals such as recurrent instability, painful sub-
luxation, or osteoarthritis. However, controver-
sial management of fi rst-time patellar dislocation 
is the mainstay found in the literature, with little 
exceptions. 

14.3.1     Nonoperative Treatment 

 Nonsurgical, “atraumatic” reduction of the 
patella should be performed as fast as possible. 
It delivers pain relief and reduces the risk of 
further osteochondral injury to the articular 
surface of either the patella or the lateral femo-
ral trochlea. The prereduction and postreduc-
tion radiographs have to be analyzed and 
compared for evidence of intra-articular loose 
bodies. 

 From this step on, little evidence or consensus 
exists concerning conservative treatment after 
acute patellar dislocation [ 59 ]. 

 Currently, treatment programs vary from imme-
diate mobilization without orthoses or bracing to 
cast immobilization in extension for 6 weeks. 

  Fig. 14.5    X-ray presenting 
loose bodies ( red arrows ) 
and sit of patellar osteochon-
dral defect ( yellow arrow )       
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a b

c d

e f

Insall-Salvati Index 

Trochlear depth 

Sulcus angle Patellar tilt

Lateral trochlear inclination

TT-GT

  Fig. 14.6    MRI basic protocol for patellofemoral evaluation: Insall-Salvati Index ( a ); TT-GT ( b ); trochlear depth ( c ); 
lateral trochlear inclination ( d ); sulcus angle ( e ); patellar tilt ( f )       
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 Immobilizing the knee in extension might pro-
portionate a better environment for healing to the 
medial structures. However, the risk of stiffness, 
muscle weakness, and loss of proprioception must 
be considered [ 29 ]. Patient’s own will and compli-
ance with treatment regimen might also be a factor 
implicated in decision for conservative treatment. 

 The role of patellar braces and straps on the 
outcome of acute primary patellar dislocation has 
not been determined to date. 

 In a controlled study enrolling 100 primary 
 patellar dislocations [ 34 ], patellar bandage or brace, 
posterior splint, or plaster cast was compared. The 
immobilization in the splint and cast groups was 
performed for 6 weeks. The immediate mobilization 
group had a risk of redislocation three times higher. 
Stiffness was more frequent in the cast group. 

 Most clinicians propose a short period of 
immobilization, early weight bearing (as toler-
ated) with crutches, followed by rehabilitation of 
the knee, with or without bracing [ 59 ].  

14.3.2     Surgical Treatment 

 The most consensual indication for operative 
intervention after acute fi rst-time patellar dislo-
cation is a large displaced osteochondral fracture 
with a loose body that may be possible to fi x in 
place (Fig.  14.8 ).

   Arthroscopic procedure can    be performed for 
diagnostic purposes and the removal of intra- 
articular loose bodies such as large blood clots 
and osteochondral fragments (Fig.  14.9 ) or 
medial retinacular repair [ 50 ].

   The recent literature does not support any use 
of an isolated lateral release for the treatment of 
patellar instability. 

 A number of different procedures have been 
advocated to reconstruct the medial structures [ 14 ] 
or repair the MPFL [ 11 ,  13 – 15 ,  17 ,  22 ,  23 ,  49 ]. 

 The surgical objective is, in most cases, to sta-
bilize the patella by an “anatomical” MPFL 
reconstruction at the patella and femur using a 
mini-open technique (Fig.  14.10 ).

   A gracilis tendon graft is widely chosen for this 
purpose because the load to failure of the native 
MPFL is lower (208 N) and implicates lower sur-
gical damage (leaving the stronger semitendinosus 
tendon available). Fixation at the patella is usually 
performed using resorbable anchors or bone tun-
nels. Care should be taken to avoid long tunnels in 
the frontal plane. Transversal drilling of the patella 
from side to side dictates signifi cant risk of frac-
ture [ 44 ]. Short- to  long- term results showed a low 
redislocation rate and signifi cant patient satisfac-
tion. Extreme caution to avoid graft malposition-
ing, this may lead to a change in the patellofemoral 
joint forces and may lead to pain, restricted range 
of motion, redislocation, and articular cartilage 

a b

  Fig. 14.7    Dynamic MRI evaluation: check patellofemoral joint at rest ( a ) opposing to dynamic evaluation ( b ) with 
external lateral translation and tilt forces ( arrows )       
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  Fig. 14.8    Osteochondral defect of the patella fi xed “in situ”       

a b

c d

  Fig. 14.9    Arthroscopic view of loose bodies after acute patellar dislocation ( a ,  b ); zone of the patellar defect ( c ); 
loose fragments removed ( d )          
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deterioration over time. Therefore, correct tunnel 
placement is required [ 44 ]. 

 Surgical approach might combine distal 
realignment procedures and might be considered 
in patients with predisposing risk factors (e.g., 
increased TT-TG or patella  alta ; Figs.  14.2  and 
 14.6 ). These approaches are described elsewhere 
within this publication.   

14.4     Systematic Literature Review 

 Most studies in the literature are retrospective 
and nonrandomized level IV studies. We selected 
our review based on the following criteria: (1) 
English language, (2) level I–IV studies, (3) a 
minimum of ten patients in the series at baseline 

who underwent surgical or conservative treat-
ment for acute patellofemoral dislocation, and (4) 
a minimum of 6 months of follow-up. Review 
articles, case reports, and technique articles with-
out reported patient data, and studies which did 
not state inclusion criteria were excluded. 
Tables  14.1  and  14.2  summarize the results of 
papers matching inclusion criteria.

14.5         Discussion 

 Most of the studies published are not prospective 
and/or blinded randomized studies. Nonetheless, 
several conclusions can be depicted. 

 First, understanding the biomechanics of the 
patellofemoral joint is necessary to understand 

  Fig. 14.10    Combined Elmslie-Trillat and MPFL repair procedures. Small anterior approach enables both harvesting of 
gracilis tendon and medialization of tibial tuberosity       
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   Table 14.1    Demographics of studies   

 Study 
 Study 
type  Patients number  Age (years) (st/ct) 

 Treatment 
 N  = st/ N  = ct 

 Follow-up 
(years) 

 Bitar et al. [ 7 ]  RC  41  12-/38  21st/20ct  Minimum 2 
 Apostolovic et al. [ 1 ]  RNC  37  12–16  14 st/23 ct  6.1 
 Mariani et al. . [ 36 ]  CS  17  NR  All st  2.2 
 Camanho et al. [ 10 ]  RNC  33  24.6/26.8  17st/16 ct  3.4 
 Nietosvaara et al. [ 40 ]  RNC  71 (74knees)  <16  36st/28 ct  2 
 Sillanpaa et al. [ 56 ]  RC  40  20  18st/22 ct  7 
 Sillanpaa et al. [ 56 ]  RC  40  20  18st/22 ct  7 
 Silanpaa et al. [ 52 ]  RNC  76  19–22  30st/46 ct  7 
 Christiansen et al. [ 13 ]  RCT  80 (3 lost to 

f-up; fi nal  n  = 77) 
 20.0/19.9 (13–39)  42 st/35ct  2 

 Buchner et al. [ 9 ]  CC  126  NR  63st/63 ct  8.1 
 Atkin et al. [ 2 ]  CS  74  19.9  All ct  19.9 
 Maenpaa et al. [ 33 ]  CS  100  NR  All ct  13 
 Maenpaa et al. [ 33 ]  CS  270  Women: 23.5 (range 9–56)  All st  4.1 

 Men: 22.6 (range 12–42) 
 Harilainen et al. [ 25 ]  CS  53  29.1 (range 17–57)  All st  6.5 
 Vainiopaa et al. [ 60 ]  CS  55  21 .5 years (range 14–54)  All st  2 
 Cash and Hughston [ 12 ]  CC  399  9–72  All ct  8 
 Yamamoto et al. [ 62 ]  CS  30  NR  All st  1–7 

 CS  75  37 (median age 19) had a 
recurrence; 38 (median 
age 28) no recurrence 

 All ct  6–24 

 Lewallen et al. [ 32 ]  CC  222  14.9  All ct  12 
 Bitar et al. [ 7 ]  RC  41  12–38  21st/20ct  Minimum 2 
 Apostolovic et al. [ 1 ]  RNC  37  12–16  14 st/23 ct  6.1 
 Mariani et al. [ 36 ]  CS  17  NR  All st  2.2 
 Camanho et al. [ 10 ]  RNC  33  24.6/26.8  17st/16 ct  3.4 
 Nietosvaara et al. [ 40 ]  RNC  71 (74 knees)  <16  36st/28 ct  2 
 Sillanpaa et al. [ 56 ]  RC  40  20  18st/22 ct  7 
 Silanpaa et al. [ 52 ]  RNC  76  19–22  30st/46 ct  7 
 Buchner et al. [ 9 ]  CC  126  NR  63st/63 ct  8.1 
 Atkin et al. [ 2 ]  CS  74  19.9  All ct  19.9 
 Maenpaa et al. [ 33 ]  CS  100  NR  All ct  13 
 Maenpaa et al. [ 33 ]  CS  270  Women: 23.5 (range 9–56) 

 Men: 22.6 
 (range 12–42) 

 All st  4.1 

 Harilainen et al. [ 25 ]  CS  53  29.1 (range 17–57)  All st  6.5 
 Vainiopaa et al. [ 60 ]  CS  55  21.5 years (range 14–54)  All st  2 
 Cash and Hughston [ 12 ]  CC  399  9–72  All ct  8 
 Yamamoto et al. [ 62 ]  CS  30  NR  All st  1–7 

 CS  75  37 (median age 19) had a 
recurrence; 38 (median 
age 28) no recurrence 

 All ct  6–24 

 Lewallen et al. [ 32 ]  CC  222  14.9  All ct  12 

   RC  randomized controlled,  RNC  randomized noncontrolled,  CC  case control,  CS  case series,  NR  not referred,  st  surgical 
treatment,  ct  conservative treatment  
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   Table 14.2    Summary of outcomes according to treatment   

 Treatment  Study  Type of surgical procedure  Results 

 Conservative  Lewallen et al. [ 32 ]  62 % success rate for conservative treatment 
after fi rst-time patellar dislocation 

 10.8 % required operation 

 Atkin et al. [ 2 ]  58 % presented limitation in strenuous 
activities after 6 months 

 Maenpaa and Lehto [ 34 ]  0.17 dislocations per year of follow-up 

 Cash and Hughston [ 12 ]  75 % good/excellent results if no risk factors 
were found 

 Surgical  Mariani et al. [ 36 ]  Arthroscopic repair of MPFL  No redislocations; Lysholm 90 (72–100) 

 14/17 returned to sports at the same level 

 Maenpaa and Lehto [ 35 ]  Medial capsular reefi ng (all) + 
lateral retinacular release 
( n  = 243) + Elmslie-Roux- Trillat 
procedure ( n  = 2) 

 Excellent/good subjective results: 

 Traumatic group: 76.8 % 

 Non-traumatic group: 60.4 % 

 Redislocation rate: 

 Traumatic group: 2.4 % 

 Non-traumatic group: 38.6 % 

 No signifi cant difference was found between 
methods of postoperative treatment: 
immobilization or mobilization. “The 
subjective result of operative treatment was 
better and the re-dislocation rate was lower if 
the injury mechanism was traumatic rather 
than non- traumatic and if there was no history 
for family occurrence of patellar dislocation” 

 Harilainen and 
Sandelin [ 25 ] 

 Medial retinacular suturing ( n  = 7) or 
reefi ng ( n  = 46) and lateral capsular 
discission (within 1 week of injury) 

 17 % recurrence 

 More recurrence with greater patellofemoral 
incongruence 

 Vainiopaa et al. [ 60 ]  Medial capsular suture and lateral 
release when lateral retinaculum 
was tight 

 9 % recurrence; 

 Removed/refi xed displaced 
osteochondral fragments 

 Most returned to previous sports activities 

 Yamamoto et al. [ 62 ]  Arthroscopic medial capsular repair/
lateral release 

 Successful stabilization of the acute dislocation 

 Early accurate diagnosis 

 Accurate restoration of normal anatomy 

 Conservative 
 vs  surgical 

 Bitar et al. [ 7 ]  MPFL reconstruction  Mean Kujala operated 88.9/nonoperated 70.8 

 0 recurrence operated group; 35 % recurrences 
nonoperated group 

 Apostolovic et al. [ 1 ]  Arthroscopic surgery:  No statistical difference between groups 

 Medial retinacular and capsular repair 
and lateral retinacular release 

 Camanho et al. [ 10 ]  MPFL repair vs conservative group  0 relapse operated; 50 % relapses nonoperated 

 Nietosvaara et al. [ 40 ]  Medial repair/lateral release alone  66 % good/excellent operated; 75 % good/
excellent nonoperated 

 No difference in redislocation between 
treatment groups; 

 Predisposing factor – family history 

 Silanpaa et al. [ 56 ]  MPFL repair vs conservative group  0 redislocation operated 

 6/21 redislocation nonoperated 

 Silanpaa et al. [ 55 ]  Arthroscopic medial capsular repair  19 %redislocation operated; 81 % pre-injury level 

 23 % redislocation nonoperated 56 % 
pre-injury level 

 Christiansen et al. [ 13 ]  Reinsertion MPFL to the adductor 
tubercle vs conservative treatment 

 Redislocation rates were 17 and 20 % in the 
operative and conservative treatment groups, 
respectively (not signifi cant) 

 Buchner et al. [ 9 ]  MFPL reconstruction  No difference in redislocation between the 
two groups 
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the pathology of patellar dislocation. Recent 
studies have focused on the medial patellofemo-
ral ligament (MPFL) and have shown that the 
MPFL is the most signifi cant passive stabilizer of 
the patella. It is accepted that primary patellar 
dislocation leads to MPFL injury [ 18 ]. 

 Because of the insuffi cient evidence in litera-
ture, there is currently no universally accepted, 
optimal strategy approach for acute primary 
patellar dislocation. 

 The complexity of patellar instability leads to 
challenges in decision making between different 
treatment modalities. 

 Most cases seem to be suitable for initial non-
surgical management in the fi rst episode, 
although recurrent instability might occur [ 29 ]. 

 Osteochondral fragments amenable for surgi-
cal fi xation are an indication for surgery [ 58 ]. 

 In the setting of surgical treatment, MPFL 
reconstruction might be a more reliable method 
of stabilizing the patella than repair, which has 
inherent limitations related to the MPFL injury 
location [ 53 ]. 

 The MPFL injury location can be assessed by 
MRI with increasing feasibility. Despite the cur-
rent thought that considers the femoral attach-
ment as the most frequent site of lesion after 
acute dislocation, this still remains debatable and 
further prospective studies will be needed. 

 Several recent studies advocate MRI after 
acute patellar dislocation, as the acutely injured 
knee usually shows hemarthrosis as a sign of tis-
sue damage and clinical diagnosis can sometimes 
be diffi cult [ 21 ,  54 ]. MRI can be used to diagnose 
the signs of acute patellar dislocation and associ-
ated injuries, such as osteochondral fractures and 
meniscal or ligament injuries [ 19 ]. 

 Yamamoto [ 62 ] studied arthroscopic repair 
of the MPFL, showing overall good or excellent 
results, only 1 redislocation of 30 operated knees. 
Sillanpaa et al. [ 55 ,  56 ] reported limited effi cacy 
of an arthroscopic MPFL repair compared with 
conservative treatment. The redislocation rate 
was similar in both treatments, and the authors 
stated that the explanation for these unsatisfying 
results was that the MPFL injury has different 
patterns and locations. Sillampaa [ 56 ] followed 
44 patients after fi rst-time patellar dislocation and 
subjected to conservative treatment for 7 years. 
They found femoral avulsions of the MPFL to 

be a signifi cant predictor for subsequent patellar 
instability, and these were less likely to return to 
prior activity level, but without signifi cant differ-
ences in the Kujala score. 

 A prospective trial from Camanho et al. [ 10 ] 
comparing conservative and operative treatment 
in 33 patients with acute patellar dislocations 
revealed a signifi cantly better Kujala score 
(92/100) and no recurrence in the operative group 
compared to a Kujala score of 69/100 and 8 
relapses in the conservative group. 

 On another study, no redislocation was 
observed in the operated group comparing 
to six cases (over 21) among those treated 
 conservatively [ 56 ]. 

 The median Kujala scores were 91 points for 
the surgically treated patients and 90 points for 
the nonoperatively treated patients. Thirteen (over 
17) patients in the operated group and 15 (over 
21) in the nonoperatively treated group returned 
to their pre-injury physical activity level. The 
authors concluded that the rate of redislocation 
for those treated with surgical stabilization was 
signifi cantly lower than the rate for those treated 
without surgical stabilization. However, no clear 
patient-referred clinical benefi ts were seen at 
long-term follow-up from initial surgery [ 56 ]. 

 It seems useful to defi ne the exact location of 
the MPFL tear after a primary episode of disloca-
tion; however there is no agreement on this issue. 
Considering this fact, dynamic MRI might be a 
signifi cant step to diagnose, classify the grade of 
severity, and permit more effective guidelines for 
treatment. The Porto-knee testing device (PKTD) 
[ 20 ] is under development for patellofemoral 
application to assist on more accurate diagnosis 
capacity and understanding of patellofemoral 
anatomy and kinematics (Fig.  14.7 ). 

 It is common experience that there are different 
types of dislocations with different tear patterns. 
From a clinical point of view, this issue has clear 
surgical implications since the surgeon must be 
ready to change the treatment on the basis of path-
oanatomical fi ndings. In fact, the femoral attach-
ment of MPFL is located in the second tissue 
layer, below the superfi cial fascia and above the 
capsule, and if torn the hemorrhage is extraarticu-
lar. When a patellar avulsion is suspected, then an 
arthroscopic examination can be carried out in 
order to defi ne the exact location of tear and to 
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plan the surgical repair. In cases of ligament avul-
sion from its patellar insertion, a direct repair 
could be applied [ 53 ]. However, there is no con-
sensus on the matter and currently systematic 
arthroscopy is not a rule for fi rst-time dislocation. 

 It seems that younger patients more often sus-
tain patellar-based ruptures, while older patients 
more often sustain femoral-based ruptures of the 
MPFL. Incomplete MPFL ruptures are correlated 
with lower Insall-Salvati indices than complete 
ruptures, and trochlear dysplasia is correlated 
with higher rates of redislocation [ 53 ]. 

 Osseous surgery is usually not needed if sur-
gery is planned after primary dislocation, but cor-
rections are needed in cases with severe bony 
abnormalities [ 21 ]. 

 Previous randomized studies of primary patel-
lar dislocations concluded that surgery is not 
superior to nonsurgical treatment if all the 
patients with different types of MPFL injuries are 
treated similarly [ 59 ]. 

 In contrast, a recent prospective randomized 
study in comparing nonsurgical treatment with sur-
gical reinsertion, surgery resulted in better stability 
than nonoperative treatment. This was true for 
either femoral or patellar surgical attachment [ 7 ]. 

 Because of the high (44–70 %) redislocation 
rate after primary dislocation, some cases might 
benefi t from initial surgery, and surgery should 
defi nitely be considered for cases with a high risk 
of failure after nonsurgical treatment [ 7 ]. 

 Patients with patellar    MPFL avulsion fracture 
and MPFL disruption at the femoral attachment 
seem to be at greater risk of subsequent disloca-
tion. In these patients, restoring the integrity of 
the MPFL might be necessary to ensure better 
stability [ 53 ]. 

 Ruptures at the MPFL mid-substance or patel-
lar insertion regions are generally not related to 
signifi cant subsequent patellar instability. 

 The clinical outcomes of various MPFL inju-
ries, however, remain highly uncertain with 
regard to the well-known factors that predispose 
a patient to patellar instability, such as trochlear 
dysplasia, axial and torsional lower-limb align-
ment abnormalities, and MPFL injuries. Most 
likely, the more dysplastic the trochlear shape, 
the more devastating the injury to the MPFL is to 
patellar stability. Whenever required, surgical 
treatment needs to be tailored individually, based 

on the diagnosis (MRI fi ndings of the MPFL 
injury and osseous anatomy). 

 The precise risk factors for redislocation could 
not be adequately calculated in this review due to 
lack of consistent and quality reporting in several 
articles. To date, there is no evidence that the natu-
ral history of a person suffering primary patellar 
dislocation is improved by surgical intervention in 
the acute setting. Considering the previous, surgical 
stabilization of the patella cannot be fi rmly recom-
mended after the fi rst event of patella dislocation. 
However, after the second episode, the risk of redis-
location is known to be much higher (49 %), and 
surgical intervention should be considered [ 29 ].  

    Conclusion 

 It seems that the    predominating factors for 
patellar dislocation are heterogenetic morphol-
ogy in combination with individual predisposi-
tion. The only consensual indication for 
surgical treatment after acute primary patellar 
dislocation is the presence of a concomitant 
osteochondral fracture still suitable for “in 
situ” fi xation or the presence of loose bodies 
inside the joint. When surgical treatment is 
required, it should specifi cally address the cor-
rection of the implicated pathomorphology in 
each case. The type and site of MPFL injury 
seem to be a relevant factor to be considered as 
prognostic for redislocation. Low- energy 
events causing    dislocation usually occur in per-
sons with risk factors of patellofemoral insta-
bility, thus having higher risk for recurrence. 

 Conservative treatment is currently per-
formed in most cases of a fi rst-episode patella 
dislocation. 

 The optimal treatment has not yet been 
established and further prospective random-
ized studies are required.     
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15.1            Introduction 

 Recent articles have ranked Lateral Release (LR) 
47th among all procedures by orthopaedic sur-
geons [ 9 ,  14 ]. Despite its frequency the indica-
tions and results of an LR remain controversial. 
The acceptable results (good and excellent) have 
a wide range from 14 to 99 % [ 1 ,  4 ,  12 ,  14 ]. 

 LR can be subdivided as both an isolated and an 
associated procedure (as part of a proximal or distal 
realignment). The procedure can also be performed 
as an open, mini-open or arthroscopic procedure 
[ 14 ]. O’Neill et al. proved that there is no signifi -
cant difference in outcome between arthroscopic 
and open LR [ 18 ]. In arthroscopic LR, however, 
the risk for postoperative hemarthrosis and swell-
ing is considered higher. The use of electrocautery 
is advised to prevent this major complication. Until 
today, this study is the only prospective random-
ized clinical trial concerning LR. 

15.1.1     Anatomy of the Lateral 
Retinaculum 

 The lateral retinaculum consists of two separate 
layers (Fig.  15.1 ):
     1.    The superfi cial oblique layer: This originates 

from the iliotibial band and interdigitates with 
the longitudinal fi bres of vastus lateralis.   

   2.    The deep layer: This consists of the deep 
transverse retinaculum with the epicondylo-
patellar ligament proximally and the patello-
tibial ligament distally.    
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  Beneath the deep transverse retinaculum is the 
thin capsulosynovial layer that gives little reti-
nacular support to the lateral side of the knee. 
Immediately posterior to the oblique and trans-
verse retinacular ligaments lies the fascia lata. It 
is fi xed proximal and distal to the lateral joint 
line, lending static as well as dynamic support to 
the lateral knee [ 11 ]. 

 Important structures are well described by 
Merican and Amis [ 15 ] (Fig.  15.1 ):
•    Deep fascia: not attached to the patella. It 

thickens laterally to become the iliotibial band.  
•   Quadriceps aponeurosis and iliotibial band: 

the bulk of the fi bres of the iliotibial band run 
in a longitudinal direction to Gerdy’s tubercle. 
The anterior fi bres curve anteriorly to meet the 
descending fi bres of the quadriceps aponeuro-
sis. The fi bres on the superfi cial surface pro-
ceed obliquely. They fuse with the aponeurotic 
layer of the quadriceps.  

•   Vastus lateralis obliquus.  
•   Deeper transverse fi bres of the iliotibial band: 

connect to the patella and vastus lateralis 
obliquus. There is no attachment to the lateral 
epicondyle of the femur.  

•   Lateral patellofemoral and patellomeniscal 
ligaments: these capsular ligaments vary con-
siderably and are not always found.  

•   Patellotibial ligament: the same as the quadri-
ceps aponeurosis layer.  

•   Lateral superior genicular artery.    
 Merican and Amis also describe the lateral 

retinaculum as a complex structure which is dif-
fi cult to delineate because of converging and inter-
digitating structures. The lateral retinacular 
complex of the knee is subdivided into three 
layers:
    1.    Superfi cial: deep fascia   
   2.    Intermediate: quadriceps aponeurosis and ilio-

tibial band   
   3.    Deep: joint capsule     

 The deeper, more transverse fi bres from the 
iliotibial band may be termed the iliotibial band- 
patella fi bres; they are not lateral patellofemoral 
fi bres.  

15.1.2     Biomechanical Studies 

 The two biomechanical studies done by Merican 
AM et al. were standing out recently. In his fi rst 
study, the lateral soft tissues of eight fresh-fro-
zen cadaveric knees were dissected and tested 
to distinguish the different tensile loads for fail-
ure [ 17 ]. They identifi ed three distinct struc-
tures as lateral soft tissues: ITB-patella band, 
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  Fig. 15.1    Anatomy of the lateral retinaculum       
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patellofemoral ligament and patellomeniscal 
ligament. In conclusion, the transverse fi bres of 
lateral retinaculum originating from ITB were 
found to be the strongest load transmitters to 
patella. 

 In his second study, nine cadaveric knees were 
used to determine the reduction in patellofemoral 
stability with progressively more extensive LR 
[ 16 ]. As the result of this study, they found that 
the main lateral restraint was the joint capsule in 
extension, whereas the transverse fi bres at mid- 
patellar level were the main contributors to lateral 
restraint at 30° of fl exion.   

15.2     Materials and Methods 

 Using Pubmed, more than 30 relevant articles 
were found. Relevance was based on sub-
ject (abstract), language (English) and cited 
index. 

 Keywords: Lateral release, Knee, Patellofem-
oral pain, Lateral tightness, Patellar dislocation, 
Chondromalacia patellae  

15.3     Physical Examination 

 Physical examination includes preoperative pas-
sive patellar tilt (also postoperative), medial 
and lateral patellar glides, measurement of the 
 tubercle–sulcus angle, the lateral pull sign and 
lower extremity alignment [ 12 ]:
•    Standing position: weightbearing alignment, 

rotational deformities, foot position  
•   Seated position, with the knees fl exed 90°: 

effusion, patellar position (alta, baja, later-
alization), tibial torsion, tubercle–sulcus 
angle.  

•   Supine position with the knee extended and 
the quadriceps relaxed: passive patellar tilt 
test to diagnose an excessively tight lateral 
restraint, subjective estimate of patellar crepi-
tation, medial or lateral facet tenderness, reti-
nacular tenderness.  

•   Supine position with the knees flexed 2030° 
and the quadriceps relaxed: patellar glide 
test to diagnose medial or lateral  retinacular 
tightness and/or integrity (Fig.  15.2 ).

 –     Lateral patellar glide of three quadrants.
   Incompetent medial restraint.     

 –   Lateral glide of four quadrants.
   Defi cient medial restraint.     

 –   Medial glide of one quadrant.
   Tight lateral restraint.     

 –   Medial glide of three or four quadrants.
   Hypermobile patella.        

•   Supine position with the knees fl exed 90°: 
Q-angle for evaluation of the distal restraint 
vector. A normal tubercle–sulcus angle is 0°, 
while greater than 10° is defi nitely 
abnormal.  

•   Supine position with the knee in extension: 
the lateral pull sign is useful to determine the 
vector of an active quadriceps contraction. 
The patella should be pulled in a straight supe-
rior direction or superior and lateral in equal 
proportions.     

15.4     Surgical Options 

 Before considering surgery of course, an 
aggressive, nonoperative approach with reha-
bilitation, of at least 6 months, should be 
attempted. 

  Fig. 15.2    Patellar quadrants and patellar glide test 
( arrows )       
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 Proximal realignments, distal realignments or 
combinations of these two are the surgical 
possibilities: 

15.4.1     Episodic Patellar 
Dislocation (EPD)  

 Patellar dislocation, also known as patellar insta-
bility, is a commonly used term. Recently EPD 
was introduced by Fithian and Neyret [ 8 ]. This 
new terminology avoids the word “instability” 
and clearly indicates the history of dislocation(s). 
Instability is moreover a symptom (subjective) 
and not a disease (objective) [ 25 ]. 

 In the EPD patient population, several morpho-
logic anomalies have been identifi ed that facilitate 
or allow patellar dislocation [ 6 ]. Radiographic 
examination will detect, in more than 96 % of 
cases, at least one of the four following features in 
EPD group: (1) trochlear dysplasia, (2) patella 
alta, (3) tibial tubercle–trochlear groove distance 
(TT-TG) > 20 mm and (4) patellar tilt >20° [ 6 ]. 

    Studies Concerning EPD 
 To this date, there are no published randomized 
controlled clinical trials (level 1 evidence) assessing 
the effect of an isolated lateral retinacular release on 
the outcome of patellar instability. All currently 
available material is at best level 4 evidence (retro-
spective case series or review articles) [ 14 ]. 

   Lateral Release (Isolated) 
 Panni et al. [ 21 ] set up a long-term retrospective 
clinical follow-up study, with two groups. The out-
comes of lateral release were evaluated after 5 and 
12 years. Each group contained 50 patients. Group 
I contained patients with patellofemoral pain, 
group II, patients with patellofemoral instability. 

 Compared with the 5 year follow-up evalua-
tion, the percentage of satisfactory Lysholm 
scores after 12 years in group I remained stable, 
71 % vs. 70 % ( P  = 1.0), whereas the percentage 
of satisfactory scores in group II decreased, 72 % 
vs. 50 % ( P  < 0.5). 

  Conclusion : Isolated LR is a procedure offering 
a good percentage of success in the management 
of a stable patella with excessive lateral pressure 

and elective location of pain on the lateral retinac-
ulum. In patellar instability, the results are less 
favourable in long-term follow-up evaluation. The 
presence of high-grade joint surface injury is a 
poor prognostic indicator for lateral release. 

 From a mechanical perspective, isolated LR 
cannot correct the actual causes of patellar insta-
bility whether the cause is defi cient trochlea, 
defi cient ligamentous tethers or defi cient of 
abnormal vastus medialis. 

 In his review, Lattermann et al. [ 14 ] evaluated 
several published case series. While some authors 
initially reported acceptable success of isolated LR 
for patella instability, most studies showed disap-
pointing mid- and long-term results. The average 
percentage of satisfaction of patients with more 
than 4 years follow-up is only 63.5 %, whereas the 
short-term (<4 years) satisfaction is 80 %. 

  Conclusion : Isolated LR has little or no role in 
the treatment of acute or recurrent patella instabil-
ity. LR may be added as an adjunct procedure to a 
proximal or distal realignment of the extensor 
mechanism. Isolated LR can be a successful proce-
dure in patients with isolated lateral patellar tight-
ness (Excessive Lateral Hyperpression Syndrome).  

   Lateral Release as Adjunct 
to Patellofemoral Alignment Procedures 
for Patellar Instability (Associated) 
 Scuderi et al. [ 24 ] compared two groups of 52 
patients (60 knees). Group I consisted of 21 
patients (26 knees) who had had one or more patellar 
dislocations. Group II comprised 31 patients (34 
knees) who had knee pain (anterior, anterolateral, 
anteromedial or occasional popliteal). 

 All patients had an operation consisting of a lat-
eral release and proximal realignment of the patella. 

 In group I, postoperative results were excel-
lent in 18.6 % and good in 62.5 % on short term 
(<5 years). On long term (>5 years), results were 
excellent in 40 % and good in 40 %. Group II 
showed similar results on short term but worse 
results on long term: <5 years – 36 % excellent, 
48 % good results; >5 years – 0 % excellent, 
66.7 % good results. 

 A poor outcome was always associated with 
progression to patellofemoral osteoarthritis in 
both groups. 
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 Ricchetti et al. [ 22 ] reported a systematic 
review of level III and IV studies to compare sur-
gical success of lateral release or lateral release 
with medial soft-tissue realignment (MR) for 
recurrent lateral patellar instability. In total, there 
were 467 knees in 14 studies: 247 knees with a 
minimum of 2-year follow-up after LR and 220 
after LR with MR. The frequency-weighted mean 
success with respect to instability in the LR stud-
ies was 77.3 % compared with 93.6 % in the LR 
with MR studies. 

  Conclusion : Isolated LR yields signifi cantly 
inferior long-term results with respect to symp-
toms of recurrent lateral patellar instability com-
pared with LR with MR. 

 In a controlled laboratory study performed by 
Bedi and Marzo, they hypothesized that LR 
would reduce the force required to displace 
patella laterally, when performed after medial 
patellofemoral ligament (MPFL) repair [ 3 ]. They 
measured the amount of force required to dis-
place the patella 1 cm laterally at different 
degrees of fl exion in eight fresh-frozen human 
cadaveric knees. After the cut of MPFL, the force 
measured was reduced by 14–22 % compared 
with native knee. The repair of MPFL was found 
to restore the ability to resist lateral force. The 
addition of LR to the repair reduced the force by 
7–11 % compared with the repaired knee. 

  Conclusion : After repair of the MPFL, adding 
an LR lowered the ability of the patella to resist 
lateral displacement. LR may not be routinely 
appropriate as a part of the stabilizing procedure 
to address acute patellar dislocation when the 
MPFL is avulsed from the patella. 

  Conclusion : Isolated LR does not restore nor-
mal orientation of the malalignment extensor 
mechanism and thus results in long-term inferior 
results compared to a combination of LR and 
proximal realignment of the patella [ 14 ].  

   Distal or Combined (Proximal + Distal) 
Realignment Often Added by LR 
(Associated) 
 LR after tubercle transposition (Elmslie-
Trillat/ Fulkerson) to allow a free passage of 
the patellar tendon throughout the entire range 
of motion [ 19 ]. 

 To this date, there are no published studies 
comparing patient groups with tubercle transpo-
sition combined with LR and the patient groups 
with only tubercle transposition.    

15.4.2     Isolated Patellofemoral 
Osteoarthritis (PF OA) 

    Studies Concerning LR for Isolated 
PF OA 
 Osborne and Fulford [ 19 ] compared two groups of 
patients: 70 patients in Outerbridge grades I and II 
were placed in group A. Five patients with more 
severe changes of grades III and IV were placed in 
group B. Seventy-four patients were reviewed at 
1 year and again at 3 years after lateral release for 
established chondromalacia patellae. 

 At 1 year, 61 of 70 patients in group A had a 
good result, giving an initial success rate of 
87 %. Only one of the fi ve patients in group B 
gained relief. Review at 3 years showed that 
only 26 of the 70 patients in group A (37 %) 
continued to have a good result from the opera-
tion. Twenty- eight patients (40 %) had poor 
results at 3 years. In group B, all fi ve patients 
had undergone patellectomy and are therefore 
considered to have had poor results from lateral 
release. 

  Conclusion : In the early stages of chondroma-
lacia, release of the lateral retinaculum was suc-
cessful in relieving the symptoms for a year or 
more; review at 3 years showed a signifi cant 
number of relapses. 

 Christensen et al. [ 5 ] published a study com-
paring two groups with 58 patients in total, 
treated with isolated lateral release for symptoms 
of patellofemoral pain. All knees exhibited signs 
and symptoms of chondromalacia patellae 
(grades I–IV). Patients in group I had recurrent 
subluxation of the patella, whereas those in group 
II had no symptoms of instability. 

 In group I (30 knees), the initial response after 
1 year was good in 36.7 %, but 0 % after 4.5 years. 
The number of poor results increased from 27 % 
after 1 year to 70 % after 4.5 years. In group 2, 
the number of poor results increased from 21 % 
after 1 year to 24 % after 4.5 years. Thus, at 
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 follow- up evaluation, the results of lateral release 
were signifi cantly better in group 2 ( P  < 0.01). 

  Conclusion : Lateral release is an acceptable 
short-term treatment of chondromalacia patellae 
without patellar subluxation when the disease 
does not respond to conservative treatment with 
isometric quadriceps exercises. In cases with 
patellar subluxation, the release is unable to cor-
rect the basic instability. 

 Aderinto and Cobb [ 1 ] set up 1 group of 50 
patients that all underwent lateral release for 
symptomatic patellofemoral osteoarthritis. Lateral 
release was only performed in those for whom the 
anterior knee pain of patellofemoral arthritis 
appeared to predominate. None of the patients had 
patellar malalignment, patellar instability or tight 
lateral retinaculum. Despite 80 % of patients 
reporting an improvement in pain (VAS, OKS), 
42 % were dissatisfi ed, which may be due to high 
expectations or refl ect an initial improvement fol-
lowed by deterioration with time. 

  Conclusion : LR provides temporary benefi t, 
delaying the need for alternative surgical inter-
vention such as patellofemoral resurfacing or 
total knee replacement. 

 Alemdaroglu et al. [ 2 ] examined the 35 patients 
in their fi fth and seventh decades with grades 2–4 
chondral lesions of the patellofemoral joint with-
out patellar instability and malalignment. The 
patient underwent arthroscopic joint debridement 
and LR by bipolar radiofrequency. They aimed to 
defi ne the postoperative course of patients at 
3 months and at 24 months with VAS and 
WOMAC scores. They found that the greatest 
decrease of pain levels was observed at 3 months 
and that the pain level continued at about the same 
level over the next 24 months without signifi cant 
changes. 

  Conclusion : Although this was not a random-
ized controlled study, arthroscopic thermal LR 
was shown to improve subjective pain scores sig-
nifi cantly, however only within the postoperative 
3 months. 

  Conclusion : Isolated LR does not result in a 
signifi cant long-lasting improvement for the 
treatment of frank isolated PFOA. A high number 
of failures and relapses of pain have been 
observed in most studies.   

15.4.3     Excessive Lateral 
Hyperpression Syndrome 
(ELHS) 

 Excessive Lateral Hyperpression Syndrome is a 
condition of lateral tightness of the lateral 
patellar retinaculum and decreased lateral 
patellar tilt because of hypertrophy of the lat-
eral retinaculum [ 7 ]. The main symptom is lat-
eral retinacular pain. It is important to 
distinguish ELHS from any other cause of 
patellofemoral pain. There are six major ana-
tomic structural sources of patellofemoral pain: 
subchondral bone, synovium, retinaculum, 
skin, muscle and nerve [ 10 ]. 

    Studies Concerning ELHS 
 Ceder and Larson [ 4 ] performed an isolated lat-
eral release in 52 patients (64 knees) with 
Excessive Lateral Hyperpression syndrome. 
Results were rated as excellent, good, fair or 
poor, regarding subjective relief of pain, grating, 
giving way and swelling and ability to return to 
desired activities. Preoperatively, there was mod-
erate pain in 77 %, moderate swelling in 15 %, 
moderate giving way in 6 % and moderate grat-
ing in 31 %. Postoperatively, most complaints 
were reduced: moderate pain in 10 %, moderate 
swelling in 1.5 %, only 1 case of severe giving 
way and grating in 9 %. 

  Conclusion : Isolated LR provides relief of 
symptoms in EHLS. It is a satisfactory initial 
procedure in cases not responding to conserva-
tive therapy. 

 Lattermann et al. [ 13 ] published a review of 
nine studies concerning lateral release for ante-
rior knee pain. A total of 450 patients were 
included in the review. 

 Outcome parameters were improvement of 
pain postoperatively, incidence of excessive 
 postoperative bleeding, incidence of postopera-
tive infections and number of subsequent opera-
tive procedures on the involved leg. 

 Overall 76 % of all treated patients reported 
less pain after procedure. Postoperative bleeding 
appeared in 2 %. In 0.9 % of the cases, infection 
was reported. Revision surgery was required in 
12 % of the cases. 
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  Conclusion : If done in an appropriate popula-
tion, an isolated lateral release has good chance 
for success. The overall number of patients that 
qualify for this procedure, however, is low. Less 
than 15 % of all patients that are being seen in the 
offi ce for anterior knee pain require surgical 
treatment. 

 In a recent level II prospective, double-blinded 
comparative study published by Pagenstert and 
Wolf et al. [ 20 ], 28 patients (mean age of 
48 years) with the diagnosis of ELHS were 
divided into two groups: lateral retinacular 
release and lateral retinacular lengthening. They 
excluded strictly other causes of anterior knee 
pain including malalignment and patella alta. The 
aim was to compare the complication rates and 
clinical outcomes of open LR and open lateral 
retinacular lengthening in the above-specifi ed 
group of patients. 

 Outcome parameters: complications, muscle 
atrophy, Kujala patellofemoral outcome scores 
(preoperative, at 3, 6, 12 and 24 months). 

  Conclusion : Lateral retinacular lengthening 
group was shown to have less medial instability, 
less quadriceps atrophy and a better clinical out-
come at 2 years compared with LR group signifi -
cantly. The controlled preservation of the lateral 
patellar muscle–capsuloligamentous continuity 
after retinacular lengthening was shown to play 
an important role clinically in patients with iso-
lated ELHS.  

    Combination: EPD–OA–ELHS 
 Including 70 patients with mild lateral tracking 
and lateral compression of the patella (group I), 
recurrent patellofemoral dislocation (group II) 
and intact or defective cartilage of the patello-
femoral joint (group III), Schneider et al. [ 23 ] 
presents the results for the lateral release and 
medial imbrication of the vastus medialis 
obliquus. In group I (ELHS), patients complain-
ing of a retropatellar pain syndrome were satis-
fi ed postoperatively in 77 %, using VAS. The 
results of the patients in group II (EPD) were also 
good (68 %). Distinctly worse results were 
attained in the patients in group III (PF OA); only 
45 % of these patients were satisfi ed with their 
postoperative outcome ( P  < 0.05). 

  Conclusion : ELHS without PF OA and 
patients with EPD are good candidates for LR 
and LR + medial imbrication. A high  subjective 
satisfaction rate (VAS) was found in patients with 
ELHS (isolated LR), as well as in patients with 
EPD (LR + medial imbrication).    

15.5     Summary Statement 

 Based on the conclusions of the available studies, 
it is acceptable to say that there is only one indi-
cation to perform an isolated lateral release: 
Excessive Lateral Hyperpression Syndrome. In 
case of Episodic Patellar Dislocation, there is no 
literature support for the role of an isolated lateral 
release. Hyperlaxity with hypermobility of the 
patella (medial and lateral patellar glide of three 
quadrants and more) is also an absolute contrain-
dication for lateral release (isolated or associ-
ated). In Episodic Patellar Dislocation, lateral 
release may only be performed in combination 
with proximal realignment (associated lateral 
release). This should be done when there is phys-
ical exam evidence of a tight lateral retinaculum 
after patella relocation. 

 In Patellofemoral Osteoarthritis, lateral 
release only provides temporary benefi t and 
delays the need for alternative surgical interven-
tion such as patellofemoral resurfacing or total 
knee replacement. Lateral release (isolated or 
associated) in Patellofemoral Osteoarthritis is 
thus not indicated. In lateral PFOA, a partial lat-
eral facetectomy results is a reliable clinical 
improvement and may be associated with a lat-
eral release. 

 The lateral retinacular lengthening should also 
be kept in mind in patients with EHLS, because 
this has been also shown to provide signifi cantly 
better clinical relief over LR in these patients, by 
preserving the lateral patellar muscle–capsulo-
ligamentous continuity in an open but controlled 
fashion. 

 Before performing a lateral release, it is very 
important to know that the release has to be done 
judiciously and has to be gauged by the desired 
effect. Overreleasing can lead to a potentially 
devastating medial patellar instability.     
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16.1            Introduction 

 Recurrent    patellar dislocation and subluxation 
can be seen mostly in young and physically active 
individuals. The etiology of the disorder is var-
ied, and numerous factors have been proposed [ 1 , 
 2 ]. An acute lateral patellar dislocation is often 
postulated to be caused by the sudden thrust of 
valgus force on a plantigrade foot, along with the 
internal rotation of the femur or external rotation 
of the tibia [ 3 ]. More commonly, it occurs during 
normal activities as a result of dysplastic changes 
in the patellofemoral system. Genu recurvatum, 
patella alta, and increased Q-angle are some of 
the predisposing factors. Others include atrophy 
of the vastus medialis, lateral insertion of the 
iliotibial band, increased internal femoral rota-
tion, increased femoral anteversion, and genu 
valgum. Constitutional connective tissue weak-
ness also predisposes to patellar dislocation [ 4 ]. 
The spectrum of injury may range from elonga-
tion of the medial structures to complete rupture 
of medial para-patellar soft tissue. A combina-
tion of injury to the medial retinaculum and the 
medial patellofemoral ligament may be present 
in approximately 65 % of the cases [ 5 ]. Patients 
with lateral patellar dislocation have been treated 
conservatively with a 15–44 % recurrence rate 
[ 3 ,  6 ]. Historically, lateral retinacular release 
was performed with the belief that a tight lateral 
retinaculum is predisposed to lateral patellar sub-
luxation or dislocation. Since the recognition of 
the importance of the medial patellofemoral liga-
ment (MPFL), there has been increasing interest 
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in different techniques for managing the medial 
stabilizer. Numerous surgical options have been 
evolved, ranging from repair, radio-frequency 
thermal reefi ng, imbrication (reefi ng), or plication 
of the medial retinacular structures (Table  16.1 ). 
Proximal realignment generally is addressed 
by a combination of lateral retinacular release 
and imbrications of medial retinaculum. With 
advances in arthroscopy and increased technical 
expertise, the concept of proximal realignment 
has yielded promising results. The aim of this 
chapter is to review the indications of this proce-
dure, describe the surgical technique, and discuss 
the existing literature till date on its effi cacy.

16.2        Indications 

 The surgical indications for medial plication in 
patellofemoral instability have been evolving. 
The accepted indications are:
•    Failure of conservative treatment after acute 

dislocation or subluxation  
•   Recurrent dislocation with low-energy trauma  

•   Marked lateralization of the patella (persistent 
patellar subluxation)  

•   Slight lateralization accompanied by severe 
elongation of the medial retinaculum  

•   Severe patellofemoral pain with slight lateral-
ization and hyper-lax capsule and ligaments  

•   Detachment of the vastus medialis or medial 
retinaculum from the medial aspect of the 
patella  

•   Patients with positive apprehension test on 
clinical examination and mild lateralization     

16.3     Contraindications 

•     Presence of severe trochlear dysplasia (B, C, 
and D according to Dejour’s classifi cation) [ 7 ]  

•   Rupture of MPFL or medial retinaculum at 
femoral attachment  

•   Valgus knees with Q-angle greater than 20°  
•   Patella alta  
•   Congenital patellar dislocation  
•   History of previous surgery for patellar 

dislocation    

Patellar instability

Chronic recurrent lnstability

Normal osseous anatomy

Medial repair with out lateral release*

MPFL reconstruction with out lateral release*
or

Altered osseous Anatomy

TT-TG distance > 20 mm

Patella height normal?
Trocheoplasty

Yes

No

Distalisation and Medialisation
of tibial tubercle

Tibial  tubercle medialisation

*Lateral release in isolation not supported by currecnt literature

Trochlea Dysplasia

Acute episode

RICE
Immobilise 3 weeks39

Physio – patella taping +/– VMO retraining

       Courtesy: Rhee et al. [ 1 ]  

  Table 16.1    Modern management of patellar instability  
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 The procedure can be performed in isolation 
or in combination with lateral release, distal 
realignment surgery depending on the biome-
chanical causes of instability.  

16.4     Preoperative Workup 

 Symptomatology and clinical examination is an 
essential part of management and should be 
undertaken prior to any step regarding the treat-
ment. Medial and lateral knee pain is common. 
The initial dislocation may present with hemar-
throsis. Giving way and locking are characteristic 
of recurrent dislocations. 

 Ninety-eight percent of patellar dislocations 
undergo immediate and spontaneous reduction. 
If it remains dislocated, diagnosis is easy. Clinical 
examination of the reduced dislocation will show:
    1.    Tenderness or depression in the medial reti-

naculum (torn during the dislocation)   
   2.    Tenderness over medial patellar facet (injured 

during reduction)   
   3.    Tenderness over lateral femoral condyle 

(injured during the reduction)   
   4.    Positive Fairbanks apprehension test 

(patho gno monic)     
 Always exclude a ruptured anterior cruciate 

ligament. 

16.4.1     Radiographs and MRI 

 Anteroposterior and lateral views may show 
irregularities in the contour of the lateral 
femoral condyle. A displaced osteochon-
dral fragment may be visible. Patellar sunrise 
view (Merchant view) must always be taken 
(Fig.  16.1 ). After initial dislocation, it may 
show lateralization of the patella and/or a sharp 
edged irregularity in the contour of the medial 
patellar facet consistent with osteochondral 
fracture. Recurrent dislocations are associated 
with rounded calcifi cations. When a free osteo-
chondral fragment is suspected, an MRI is 
mandatory to detect its site of origin precisely, 
for better surgical planning.

16.5         Surgical Techniques 
for Medial Plication 

 The surgery is performed under spinal or general 
anesthesia. A tourniquet is applied to the extrem-
ity to be operated, and the patient is positioned in 
a standard manner for arthroscopic surgery on 
knee. After a sterile preparation and draping of 
the limb, standard anteromedial and anterolateral 
portals are made and a routine diagnostic arthros-
copy is performed to identify possible concomi-
tant pathologies. 

 A thorough assessment of the patellofemoral 
congruity, dysplasia, cartilage damage (espe-
cially at the medial patellar facet and lateral 
femoral condyle), and injury to medial retinacu-
lum is performed. Particular attention should be 
paid to check the relationship of the patellar ridge 
with the femoral trochlear groove through range 
of motion of the knee. Assess the patellar track-
ing from both portals. Lateral tilt and overhang 
of the lateral patellar facet can be observed. The 
extent of laxity of the medial patellar capsule- 
ligamentous complex and tightness of the lateral 
patellar retinaculum should be evaluated. Patient- 
appropriate treatments including partial menis-
cectomy, chondroplasty, and removal of chondral 
and osteochondral loose bodies not amenable to 
reattachment are performed. Depending on the 
alignment, a lateral release may be performed 
prior to the medial plication. The injured edges 
of the medial retinaculum are freshened by either 

  Fig. 16.1    Radiographic Merchant view of the patella 
(sunrise view)       
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rasping, gentle shaving, or using a thermal radio- 
frequency probe. This step helps in accelerated 
healing and strengthening of the repaired struc-
tures through better adhesion and approximation. 

16.5.1     Mini-Open Medial Reefi ng 

 Nam and Karzel [ 8 ] use a 4-cm incision, begin-
ning at the level of the superior pole of the patella, 
created 2 cm medial and parallel to the medial 
border of the patella extending distally. Dissection 
is carried down through the subcutaneous tissues. 
The vastus medialis and medial retinaculum are 
identifi ed and carefully inspected for any areas of 
detachment. These structures are then grasped 
with a clamp and pulled laterally to assess the 
integrity at the adductor tubercle attachment, fol-
lowed by lateral advancement to the patella. The 
vastus medialis and medial retinaculum are 
incised along the medial border of the patella 
down to but not through the level of the synovium. 
Using No. 2 Ethibond sutures (Ethicon Inc., 
Johnson & Johnson, Somerville, NJ), the medial 
retinaculum is advanced to the medial border of 
the patella using at least four mattress sutures 
(Fig.  16.2a ,  b ). Before the sutures are tied, range 
of motion should be assessed to determine con-
gruent tracking of the patella as well as to ensure 
at least 90° of knee fl exion. The arthroscope is 

reintroduced to confi rm centralization of the 
patella within the trochlear groove, and suture 
tension should be increased or decreased as nec-
essary. The sutures are tied with the knee in full 
extension followed by meticulous closure.

16.5.2        Arthroscopically Assisted 
Medial Reefi ng 

 Miller et al. [ 9 ] described a technique with the knee 
maintained in 20° of fl exion, and the arthroscope is 
placed in the anterolateral portal. From the supero-
medial edge of the patella, a No. 2 Vicryl suture is 
passed under arthroscopic visualization on a King 
needle, percutaneously through the joint. The nee-
dle must enter on the medial edge of the patella and 
exit the capsule approximately 25 mm posterome-
dially. This is repeated with a new suture at 1 cm 
intervals distally until the inferior pole is reached 
(Fig.  16.3 ). At least four sutures should be passed. 
A 5.5-mm Linvatec (Largo, Fl) cannula is placed in 
the anteromedial portal to protect the suture loops, 
and the capsule is then cut with a Linvatec menis-
cectomy electrode, from superior to inferior, bisect-
ing between the suture loops. A 2-cm transverse 
incision is made in the Langer lines medial to the 
patella, midway between the superior and inferior 
pole. After blunt dissection between the subcutane-
ous layer and the deep fascia, the suture ends are 

a b

  Fig. 16.2    ( a ) Mini open medial reefi ng. ( b ) Schematic view of access       
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retrieved into the incision and tagged. The medial 
capsular incision is palpated through the incision to 
ensure that it is complete. The medial and lateral 
capsular edges are grasped with separate 0-PDS 
sutures. A free King needle is placed on the two 
ends of the suture in the lateral limb and passed 
under the medial limb and out through the skin. 
While pulling the “pants over vest” (medial over 
lateral) with the PDS sutures, the surgeon ties the 
Vicryl sutures by hand through the incision. 
Capsular reefi ng and patellar tracking should be 
reevaluated arthroscopically and manually to con-
fi rm that initial contact is centralized and main-
tained throughout fl exion.

16.5.3        Arthroscopic All-Inside Medial 
Plication 

 Currently, arthroscopic all-inside medial plication 
is the preferred treatment. It causes less morbidity 
and is associated with a better cosmetic result as 
well. Several methods have been described to per-
form this procedure entirely arthroscopically. We 
began using an all-inside medial plication in 1990 
using an epidural needle (Tuohy needle, Rusch, 
Duluth, GA) because it does not cut the suture 
while passing. The sutures are placed starting at 
the superior border of the medial retinaculum and 
are gradually continued inferiorly spaced 1 cm 
apart; the Tuohy needle is passed adjacent to the 
patella, traversing the lateral border of the 

 retinaculum tear and is visualized arthroscopi-
cally. A No. 1 PDS suture is then passed through 
the needle and its end retrieved through the antero-
lateral portal (Fig.  16.4 ). The needle is then 
retracted out of the retinaculum but not out of the 
skin and is again passed through the retinaculum 
along the medial border of the tear. Once again, 
the suture is retrieved through the anterolateral 
portal (Fig.  16.5 ). An arthroscopic knot is placed 

  Fig. 16.3    Arthroscopically assisted medial reefi ng       

  Fig. 16.4    Arthroscopic all-inside medial plication: A no 
1 PDS suture is passed through the Tuohy needle and its 
end retrieved through the anterolateral portal       

  Fig. 16.5    Arthroscopic all-inside medial plication: The 
needle is then retracted out and is again passed along the 
medial border of the tear; once again, the suture is 
retrieved through the anterolateral portal       
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to tighten the medial retinaculum (Fig.  16.6 ). 
While tying the knot under arthroscopic vision, an 
assistant should manually displace the patella 
medially. The distance the suture is passed from 
the edge of the defect is chosen to affect the desired 
imbrication. This creates a pants-over-vest type of 
imbrication stitch. Approximately fi ve sutures are 
placed in this fashion (Fig.  16.7 ). Tracking is then 
assessed from 0° to 90° fl exion, both clinically and 
arthroscopically to confi rm proper patellar track-
ing at the end of the procedure.

16.6            Postoperative Rehabilitation 

 Rehabilitation is a phased plan. Each patient moves 
from one phase to the next based on functional 
goals. Meeting the functional goal at each phase 
will allow the recovery to progress from normal 
walking to running and fi nally to sport activities. 

16.6.1     Phase 1: Treat the Swelling 
and Infl ammation 

 Severe postoperative pain can interfere with 
active muscle control. Pain can also impede prog-
ress with range of motion (ROM). Swelling, 
either as effusion or as soft tissue edema, also can 
interfere with joint motion. In addition, effusion 
inhibits quadriceps function and may be harmful 
to intra-articular structures, such as articular car-
tilage. Adequate pain relief should be ensured 
and swelling must be controlled. Use of ice packs 
and anti-infl ammatory medications is advised.  

16.6.2     Phase 2: Recovery of Range 
of Motion and Muscle 
Flexibility 

 Isometric quadriceps exercises maybe started 
under supervision, immediately postsurgery or the 
next day depending on the level of pain experi-
enced. The knee joint is mobilized passively using 
a continuous passive motion (CPM) machine 
maintained between 0 and 30° in the fi rst week. As 
the postoperative pain subsides, movement is 
increased in 5° increments per day. It is expected 
that the range of movement will reach up to 120° 
at the end of 6 weeks. Hydrokinesis (pool therapy) 
is useful in the fi rst two phases where weight bear-
ing needs to be avoided.  

16.6.3     Phase 3: Recovery of Muscle 
Strength and Resistance 

 Quadriceps setting exercises should be started 
immediately after the surgery to keep the patellar 
tendon and infrapatellar fat pad stretched to their 

  Fig. 16.6    Arthroscopic all-inside medial plication: An 
arthroscopic knot is placed to tighten the medial retinaculum       

  Fig. 16.7    Arthroscopic all-inside medial plication: 
Approximately 5 sutures are placed in this fashion       
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full length and to restore neuromuscular control. 
Resisted quadriceps and hamstring strengthen-
ing should be progressively used as the initial 
pain subsides. 

 With the knee fully extended, there is no 
contact between the patella and femur, limiting 
the chances for any chondral injury. Thus, 
straight- leg raises with the limb in a brace are 
usually safe and well tolerated early after sur-
gery. The patient is advised a brace in complete 
extension during walking and at night for the 
fi rst 3 weeks. Progressive exercises in closed 
kinetic chain (CKC) and open kinetic chain 
(OKC) can be introduced. At this point the 
patient may begin exercises in the gym in a 
controlled manner.  

16.6.4     Phase 4: Recovery 
of Neuromuscular 
Control and Coordination 

 Facilitation of normal gait is an essential compo-
nent of the overall treatment plan. This is particu-
larly important for the returning athlete, in whom 
even a slight gait deviation can be compounded by 
repetitive loading. The clinician should pay particu-
lar attention to the quadriceps avoidance gait pattern 
(walking with the knee extended or hyperextended) 
because knee fl exion during weight acceptance is 
critical for shock absorption. Taping or bracing 
of the patellofemoral joint may be done if pain is 
limiting the patient’s ability to perform meaning-
ful weight-bearing exercises. Partial squats can be 
introduced if not already begun earlier. Performing 
the exercises in front of a mirror provides a useful 
feedback. Ambulation postsurgery is nonweight 
bearing with the aid of two crutches followed by 
partial load bearing (10 % of the bodyweight) in the 
subsequent 3 weeks. Full weight bearing is allowed 
after 6 weeks.  

16.6.5     Phase 5: Recovery of Specifi c 
Gestures 

 Single-leg activities must be initiated as the fi nal 
step before returning to full unrestricted activity. 

 Return to sports activities are the long-term 
goal for amateur and professional athletes and 
can take up to 4–6 months once they can achieve 
satisfactory single limb dynamic control.   

16.7     Complications 

 Potential complications with proximal realign-
ment procedures include:
    1.    Recurrent instability   
   2.    Medial patellar subluxation   
   3.    Patellar malrotation which can lead to early- 

onset arthrosis   
   4.    Arthrofi brosis      

16.8     Discussion 

 Patellofemoral instability is a diffi cult condi-
tion to treat despite an improved understanding 
of the underlying biomechanics. The underly-
ing complexity of the nature of the disorder 
may be one of the reasons. Clinical evidence 
demonstrates that medial structures are com-
monly damaged following patellar dislocation 
leading to the tendency for recurrent dislocation 
in affected knees if not managed appropriately 
[ 10 ,  11 ]. Considerable controversy continues on 
the management of a fi rst-time patellar disloca-
tion, with some researchers advocating conserva-
tive management and others stressing on the need 
for operative management. A review of the exist-
ing literature by White and Sherman [ 3 ] analyzed 
the existing treatment modalities and their effi -
cacy and concluded that initial acute patellofem-
oral dislocations be treated with immobilization 
and rehabilitation and surgery best be reserved 
for patients with associated osteochondral frag-
ments, persistent patellar subluxation, detach-
ment of the VMO, and medial retinaculum from 
the medial aspect of the patella. 

 Although numerous proximal realignment 
surgeries have been described, there has been a 
lack of consensus on the appropriate technique. 
Since the recognition of MPFL as an important 
medial stabilizer of the patellofemoral joint 
(Warren and Marshall) [ 12 ], numerous surgical 
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techniques have been described ranging from 
repair, imbrication (reefi ng), or plication of the 
medial retinaculum done by open or arthroscopic 
techniques. The earliest description of the use of 
arthroscopy for repair of medial retinaculum was 
given by Yamamoto [ 13 ] in 1986 in which he 
described arthroscopic lateral retinacular release 
and repair of the medial capsule in a group of 30 
patients with a recurrence in one patient. Since 
then, advances in instrumentation and technical 
know-how and better understanding of the mech-
anisms have led to formulation of newer proce-
dures. Recent progress provides the possibility of 
minimally invasive procedures for proximal 
realignment of the patella. 

 Nam and Karzel [ 8 ] reported their results 
(average 4.4 years) of a mini-open medial reefi ng 
with arthroscopic lateral release on 23 knees. 
Ninety-one percent of patients rated their results 
as good or excellent. 

 The effi cacy of arthroscopic medial reefi ng 
has been extensively studied and fairly good 
results have been reported by researchers. Henry 
and Pfl um [ 14 ] described their experience over 
6 years with arthroscopic proximal realignment 
of the patella with lateral release in cases of acute 
instability, capsular defects, and recurrent sub-
luxations. They reported signifi cant improvement 
in patellofemoral pain and no recurrences and 
concluded that this technique was associated 
with decreased hospitalization, morbidity, and 
better cosmesis compared to the open method. 

 Halbrecht [ 15 ] described an arthroscopic all- 
inside medial reefi ng and lateral release in a 
group of 29 knees. In a retrospective evaluation 
of outcomes after 5 years, 93 % of the patients 
reported a signifi cant improvement in pain and 
swelling and ability to climb stairs and return to 
sports. Furthermore, radiographic evaluation of 
the congruence angle, lateral patellofemoral 
angle, and lateral patellar displacement showed 
signifi cant improvement postoperatively. He 
reported no complications or dislocations after 
the procedure and recommended that the proce-
dure has the advantage of avoiding the violation 
of the vastus medialis obliquus. 

 Haspl et al. [ 16 ] also reported overall good 
results with no recurrent instability after a fully 

arthroscopic technique consisting of medial pli-
cation and lateral release. In another study involv-
ing arthroscopic stabilization of 30 acute patellar 
dislocations, Yamamoto reported only 1 redislo-
cation at a 1- to 7-year follow-up. 

 The role of lateral release following medial 
reefi ng is an area of controversy with studies 
refuting its role in patellofemoral stability; more-
over, a study by Desio et al. [ 17 ] has concluded 
that the lateral retinaculum contributes about 
10 % to maintaining patellar stability. The pro-
posed disadvantages of lateral release include 
hemarthrosis, recurrent effusions, adhesions, 
medial or lateral patellar instability, chondroma-
lacia, decreased knee fl exion, and decreased 
function. In supporting clinical study by Miller 
et al. [ 9 ], 24 patients (25 knees) were prospec-
tively followed up for a period of 60 months and 
were evaluated clinically and radiologically after 
undergoing medial reefi ng without lateral release. 
At the end of the study period, 96 % of the 
patients were satisfi ed and showed good out-
comes functionally and radiographically. 
Moreover, the researchers reported an improve-
ment in congruence angle, lateral patellofemoral 
angle, and lateral patellar displacement. 

 Some recent randomized control trials have 
however questioned the effi cacy of medial reef-
ing on comparing it with other patella stabilizing 
soft tissue procedures. In a randomized con-
trolled clinical trial, Zhao et al. [ 18 ] compared 
the clinical outcomes of arthroscopic medial pli-
cation with vastus medialis plasty (VMP) in a 
group of 60 patients and followed them for a 
mean follow-up period of 56.8 months (range 
24–92 months). At the end of the study period, 
the VMP group had better clinical outcomes and 
less episodes of redislocation compared to the 
plication group. Another randomized control trial 
by the same author group [ 19 ] compared the clin-
ical outcome of medial retinaculum plication 
with medial patellofemoral ligament reconstruc-
tion (MPFLR) in a group of 100 patients over 
5 years follow-up showing that patients who 
underwent MPFLR had better functional out-
come and static patellar position compared to 
those who underwent plication. However, these 
studies were not blinded and the assessment 
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parameters used were purely subjective and no 
defi nitive objective parameters were used in 
assessing the clinical outcome in patients. 

 We began performing medial plication in 
1992. Since then, we have performed more than 
150 cases, starting with an open technique of 
medial reefi ng, gradually moving on toward a 
mini-open approach and fi nally to an all- 
arthroscopic technique of repair. Over the years 
we have had good results with this surgery, with 
no redislocations reported. 

 Although there are other anatomically based 
repairs and reconstructions of the medial patel-
lofemoral ligament, these are more invasive and 
do not appear to yield better results. If a patient 
has insuffi cient retinacular tissue, consideration 
should be given to reconstruction of the medial 
patellofemoral ligament. 

 In our experience, we have treated patients 
with either medial plication alone or combined 
with a controlled lateral release when required 
and had good clinical outcomes. However, we 
believe that the ideal indication of medial reefi ng 
is a patient with painful patella syndrome (PPS) 
or potential patellar instability (PPI) with no evi-
dence of MPFL rupture.  

    Conclusion 

 We conclude that arthroscopic medial reefi ng is a 
minimally invasive procedure indicated in cases 
of failed conservative management, requires a 
meticulous postoperative rehabilitation program, 
and has fairly good clinical outcomes.     
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17.1            Introduction 

 Medial patellofemoral ligament (MPFL) injury 
occurred when the patella dislocated laterally dur-
ing sport activity and trauma. In the cadaver study, 
MPFL weighted 60 % to protect lateral force [ 1 ], 
and the MPFL is injured in more than 90 % of 
patellar dislocation [ 2 ]. Thus, MPFL function is 
one of most important factors in patellar stability. 

 When the patella is dislocated laterally, the 
MPFL can be ruptured at either the femoral 
or patellar sides or within the ligament itself. 
The majority of ruptures occur at the liga-
ment’s femoral origin [ 2 ] (Fig.  17.1 ); in such 
cases, we performed MPFL reconstruction as 
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  Fig. 17.1    MPFL ruptured at the femoral site. The  white 
arrow  indicates the position of the lesion       
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the fi rst choice of treatment. We have reported 
the results of our MPFL reconstructions proce-
dures previously [ 3 – 5 ]. In a few cases, we found 
that the rupture of the MPFL occurred at the 
patellar side, sometimes with small fragments 
at the rupture site (Fig.  17.2 ). Some research-
ers report that such lesions are indications for 
MPFL repair rather than reconstruction [ 6 ,  7 ]. 
We consider that the appropriate indications for 
MPFL repair are recurrent or traumatic patellar 
dislocation in which the patellar attachment of 
the MPFL has been damaged. Here, we report 
our surgical  procedures and clinical results for 
MPFL repair following recurrent or traumatic 
patellar dislocation.

17.2         Surgical Procedures 

17.2.1     Indications 

 We propose that the indications for MPFL repair 
are as follows: (a) instability remaining after 
traumatic patellar dislocation that has been in 
cases conservatively treated with muscle exer-
cises, particularly for the vastus medialis, for 
more than 6 months; or (b) recurrent dislocations 
in which the MPFL is ruptured with an ossicle at 
the medial patellar site. 

 In physical examination, all patients with the 
above indications for MPFL repair showed a pos-
itive apprehension sign.  

 In x-ray examinations, the anterior-posterior, 
lateral, and skyline views at 30, 45, 60, and 90° of 
knee fl exion were taken routinely, and axial 
views at 120° of knee fl exion were sometimes 
taken. We also conducted the quantitative stress 
radiography at 45° of knee fl exion with 20-N 
stress applied from the medial to lateral direction 
and from the lateral to medial direction, with the 
use of a pushing apparatus (Fig.  17.3 ). This 
method determined the indication of the lateral 
release to recognize the instability of medial and 
lateral directions. Magnetic resonance imaging 
(MRI) was always performed, because it revealed 
tear lesions of the MPFL at the site of femoral 
insertion, within the ligament itself or at the 
medial patellar site, as well as cartilage, menis-
cus injury, and malalignment of the patellofemo-
ral joint (Fig.  17.4 ).

17.2.2         Operative Position 
and Anesthesia 

 MPFL repair was performed in the supine posi-
tion with general or lumbar anesthesia or both.  

17.2.3     Arthroscopy 

 The fi rst step on the repair procedure was arthros-
copy through the standard inferomedial and infer-
olateral portals (Fig.  17.5a ). The patients were 

  Fig. 17.2    Case of recurrent patellar dislocation. The 
 white arrow  shows the bony fragment of MPFL located at 
the medial patellar site       

  Fig. 17.3    Case of recurrent patellar dislocation. This 
view was obtained at 45° of knee fl exion. A pushing appa-
ratus was used to apply 20-N stress from the medial to 
lateral direction and from the lateral to medial direction       
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checked for intra-articular lesions. When 
 lateral release was required, it was performed 
arthroscopically by using an electrodevice or 
plastic scissors.

17.2.4        Repair of the MPFL 

 About 4-cm incision was applied along the medial 
border of the patella (Fig.  17.5b ). The MPFL was 
carefully identifi ed in the second layer of the knee 
because MPFLs are very thin and sometimes adhere 
to tissues within the third layer, such as the joint 
capsule (Fig.  17.6 ). When an ossicle was found at 
medial patellar ridge, the MPFL was easily identi-
fi ed because the MPFL was attached to this frag-
ment. The MPFL substance was carefully removed 
from the adhered tissues. After the MPFL was iden-
tifi ed, the operator checked the tension, volume, and 
strength of the ligament. Sometimes, even if the 
MPFL looked good, it did not show the tension 
required to function after the repair process, and we 
commenced the MPFL reconstruction procedure.

   Next, the medial site at the MPFL insertion of 
the patella and one fourth of the patellar surface 
were exposed. With K-wire (diameter 1.2 mm), two 
small holes were made at the proximal one third and 
middle of the patellar medial lesions. The MPFL 
was sutured the patella medial edges by using a no. 
1 sergiron    through the small bone tunnels (Fig.  17.7 ). 
The surgeon checked the tension of the MPFL, the 
patellar alignment, and the position of patellofemo-
ral joint. After repairing the MPFL, the patellar 
tracking course during knee fl exion to extension 
was tested, and the patellofemoral alignment was 
reviewed with a Merchant’s x-ray view (Fig.  17.8 ).

  Fig. 17.4    MR imaging. This view shows malalignment 
of the patellofemoral joint       

b

a

  Fig. 17.5    Skin incisions required for the MPFL repair 
procedure. ( a ) Location of the standard inferomedial and 
inferolateral portals for arthroscopy and ( b ) incision site 
in MPFL repair procedure       

  Fig. 17.6    The  white arrow  shows the identifi ed MPFL 
substance       
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17.2.5         Postoperative Rehabilitation 

 For 2 weeks after surgery, the knee was fi xed with 
a knee brace at 20° of knee fl exion. After 2 weeks, 
range of motion exercises were started, and the 
patients were allowed the partial weighted gait. 
Three months after surgery, the patients were 
allowed to jog if they could do the straight leg 
raises and had a normal patellar tracking course. 
Six months after surgery, the patients were allowed 
to return to the initial sports activity.  

17.2.6     Clinical Results 

 From April 2002 to September 2012, we surgi-
cally treated 115 patellar dislocations. We per-
formed MPFL repair procedure for nine cases of 
these cases, seven recurrent patellar dislocations 

and two traumatic patellar dislocations. Among 
these nine cases, one patient experienced a patel-
lar dislocation 2 years after MPFL repair and 
subsequently underwent MPFL reconstruction 
using semitendinosus tendon. The other 8 patients 
experienced no re-dislocations or reappearance 
of apprehension sighs.   

17.3     Discussion 

 It has been reported that MPFL injury most often 
occurs at the ligament’s femoral insertion [ 2 ,  8 ,  9 ], 
when the patella is dislocated; however, some 
more recent studies based on MR imaging support 
the patella insertion as the more frequent point of 
injury [ 10 ,  11 ]. In a study of acute patellar dislo-
cation, the principal injury site was the patellar 
insertion in 76 % of patients, the midsubstance in 
30 % of patients, and the femoral attachment in 
49 % of patients; however, in 39 % of cases there 
was more than one injury location [ 10 ]. 

 There have been several reports describing 
surgical procedures used in MPFL repair and 
clinical results [ 6 ,  7 ,  12 – 15 ]. While these stud-
ies also include cases of medial reefi ng or pli-
cation, medial capsular imbrication, and VMO 
advancement with arthroscopic assistance, the 
MPFL repair of acute dislocation and dislocation 
with the ossicle at the patellar site had relatively 
good results. However, some authors describe 
high failure rates after MPFL repair: for instance, 
Arendt et al. [ 15 ] reported a high incidence of re- 
dislocation after MPFL repair for recurrent lateral 
patella dislocations. In our study, of the nine cases 
of traumatic or recurrent dislocation of the patella, 
re-dislocation occurred in only one case, which 
was diagnosed as recurrent dislocation with dam-
age at the patellar insertion site, according to MR 
imaging. The MPFL is sometimes injured at more 
than one site, and the repaired MPFL can become 
dysfunctional even if it has been repaired at the 
patellar insertion sites. We suggest that surgeons 
should check the remaining MPFL tension during 
the operation and prepare to change to the MPFL 
reconstruction procedure if necessary. 

 The merits of our MPFL repair procedure 
were (1) no harvesting of hamstring tendon, (2) 

  Fig. 17.8    Four years after MPFL repair, the ossicle (the 
 white arrow ) was adhered to the patella       

  Fig. 17.7    The MPFL was sutured at the patellar site 
using the no.1 sergiron       
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no incision at the femoral attachment of the 
MPFL, and (3) less invasive surgery compared 
with MPFL reconstruction. We conclude that 
when the indications outlined here are met, 
MPFL repair is a very useful procedure for treat-
ment of patellar dislocation.     
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        Defi ciency of medial patellofemoral support 
structure may lead to recurrent lateral instability 
of the patella following a patellar dislocation, and 
therefore restoration of medial patella support is 
often necessary to reestablish permanent stable 
tracking of the patella. Most important in the pro-
cess of achieving long-term patella stable func-
tion, however, is achieving balanced tracking 
initially before any retinacular reconstruction is 
undertaken. In patients with lateral tracking of 
the extensor mechanism, it is important to deter-
mine if medializing the extensor mechanism by 
tibial tubercle transfer is necessary for an opti-
mal, stable result prior to medial reconstruction. 
In patients with a symptomatic articular lesion of 
the patella, anteriorization, anteromedialization, 
or articular resurfacing may be needed prior to 
medial patellofemoral reconstruction. 

 Once the decision has been made to do a medial 
patellofemoral retinacular reconstruction, one 
must decide if imbrication or restoration of medial 
structure by repair or plication will be suffi cient 
(most typically in patients with minimal dysplasia 
and no evidence of malalignment). Medial patel-
lofemoral ligament reconstruction using a tendon 
graft [ 1 ] however has been recommended for per-
manent restoration of medial patellofemoral sup-
port and may be the best option in many patients, 
particularly if the patient has trochlear dysplasia 
or malalignment factors putting the patient at 
added risk for a further recurrent dislocation. 

 Recently, Mochizuki et al. [ 2 ] has noted a 
prominent medial quadriceps tendon-femoral 
ligament. Careful study of the deep medial 
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 retinaculum in the subsynovial layer reveals that 
the medial support structure is predominantly a 
condensation of retinacular fi bers that blend into 
the quadriceps (medialis and intermedialis) ten-
dons rather than a distinct “medial patellofemoral 
ligament” (Fig.  18.1 ) Thus, the more appropriate 
reconstruction for many patients is a medial 
quadriceps tendon-femoral ligament. In any case, 
it is of paramount importance to reestablish a 
secure connection between the medial femur, 
anatomically, and the extensor mechanism.

   Our choice for the stabilization currently is a 
medial quadriceps tendon-femoral ligament 
reconstruction, with or without specifi c attach-
ment to the patella itself. The patient is placed 
supine on the OR table with a “bump” under the 
contralateral hip to give better exposure of the 
medial knee for surgery. Once arthroscopy has 
established the patella alignment and need for 
any additional surgery such as lateral release or 
tubercle transfer, those surgeries are completed 
prior to medial reconstruction in order to opti-
mize balance of patella tracking prior to the 
medial restraint reconstruction. 

 To establish medial patellofemoral support, 
the tendon graft will typically be an autograft 
semitendinosus tendon or an allograft tendon. 
Our preference for allograft has been posterior 
tibialis tendon. The graft is prepared to fi t in an 
8-mm socket in the appropriate anatomic loca-
tion on the medial femur. 

 The tendon graft fi xation point on the medial 
femur is identifi ed by fi rst establishing the location 
and insertion of the adductor magnus tendon at the 
adductor tubercle. This is a key anatomic point 
and leads directly to the origin of the medial patel-
lofemoral and medial quadriceps-femoral support 
structure consistently. This region is between the 
adductor tubercle and the medial epicondyle – an 
area called the “saddle region.” It is identifi ed 
most consistently by fi nding the adductor magnus 
tendon and following it to the adductor tubercle 
where it inserts. Once adductor tubercle is identi-
fi ed, a guide pin is placed just at the distal anterior 
aspect of the adductor tubercle (Fig.  18.2 ) and an 
8 mm socket drilled in this location to 30 -mm 
depth. The tendon graft is then secured in this 
location. We have not found radiographic criteria 
necessary when using precise anatomic criteria for 
placing the femoral fi xation socket.

   A variety of fi xation devices may be used for 
fi xation in this location. 

 A tendon graft is drawn anteriorly deep to the 
vastus medialis tendon through a 1-cm incision in 
the vastus medialis obliquus tendon just at the 
proximal pole of the patella. The graft may be 
secured there and may also be secured as desired 
into the patella itself although our preference is to 
make a slot 1-cm wide in the distal quadriceps 

  Fig. 18.1    Anatomic dissection showing deep side of the 
medial PF retinacular complex. A distinct medial quadri-
ceps tendon-femoral ligament (MQTFL) component is 
readily noted and more distinct than MPFL       

  Fig. 18.2    The adductor magnus tendon is a foolproof 
guide to the adductor tubercle. The graft is then attached 
to a socket just at the distal end of the adductor tubercle.  
Make the incision as long as needed to be sure to accu-
rately identify the adductor tendon in every case. This is 
more accurate than radiographic criteria       
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tendon, 4–5-mm deep    (Fig.  18.3 ), and draw the 
tendon graft through the slot in the distal quadri-
ceps tendon where it should be secured in 
 addition to suturing the tendon graft where it 
comes through the vastus medialis obliquus 
 tendon   . This reconstructs the medial quadriceps 
tendon-femoral ligament.  

 The knee is then cycled, and the patella is 
viewed arthroscopically as the graft is tensioned 

with the knee in approximately 45° fl exion. The 
graft is fi rst secured with a single heavy suture 
and then full motion applied to establish appro-
priate tensioning. The graft should never be too 
tight, and the patella should never be pulled medi-
ally but rather the patella should track accurately 
into the central trochlea without medializing and 
return to full extension in a slightly lateralized 
position as is normal. The graft may then be 
secured with additional sutures into the medialis 
tendon where it comes through and also into the 
quadriceps tendon slot. Again, range of motion 
assures proper patella tracking viewed arthroscop-
ically. Excess tendon is removed or sutured back 
over the repair and the wound closed. 

 Rehabilitation involves immobilization for 6 
weeks but starting a single fl exion of the knee 
every day after the fi rst week to assure early res-
toration of motion. Weight bearing may be as tol-
erated, or patients are given crutches until after 
the splint is removed and quadriceps function 
restored with physical therapy. Most patients can 
run after 4 months and play competitive sports 
after 6 months. The limiting factor for vigorous 
activity is usually articular damage.    
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  Fig. 18.3    Attachment of the MQTFL reconstruction 
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patella, thereby simulating and reconstructing the medial 
quadriceps tendon-femoral ligament surgically       
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19.1            Introduction 

 The medial patellofemoral ligament (MPFL) has 
been recognized as the primary restraint against 
lateral dislocation of the patella. Biomechanical 
studies have shown that the MPFL contributes 
around 60 % of the medial stabilizing strength of 
the patella [ 2 ]. Therefore, restoration of medial 
stabilizing structure of the patella including 
MPFL is crucial after lateral patellar dislocation. 
Although conservative treatment or primary 
repair is normally performed as a fi rst treatment 
for an initial lateral patellar dislocation, MPFL 
reconstruction has been widely accepted for the 
treatment of chronic patellar instability caused by 
dysfunction of medial stabilizing structure. 

 The Elmslie-Trillat procedure [ 1 ], one of the 
tibial tubercle transfer procedures, has been per-
formed in our hospital as a standard procedure 
for patients with patellar instability. However, 
our fi rst-choice procedure had been changed to 
MPFL reconstruction since 1998, because we 
have experienced some cases with residual appre-
hension after the tibial tubercle transfer alone, 
and satisfactory outcome was achieved after 
additional MPFL reconstruction in those cases 
[ 4 ]. Moreover, the importance of the MPFL has 
been well recognized as mentioned above. 

 Graft placement is one of the most crucial pro-
cedures for successful MPFL reconstruction. 
Knowledge of the precise attachment site of the 
MPFL is essential for the precise graft placement 
and thus restoration of patellar stability with MPFL 
reconstruction. We have recently investigated in 
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detail the attachment of the patellar side of the 
MPFL, and it was revealed that the MPFL was 
directly attached to the vastus intermedius tendon 
and patella. In particular, the proximal fi bers of the 
MPFL were mainly attached to the vastus interme-
dius tendon, without tight adhesion to the vastus 
medialis (Fig.  19.1 ) [ 3 ]. Based on this anatomic 
study, we positioned the graft to mimic its native 
attachment site on the patellar side during the MPFL 
reconstruction. On the other hand, for the femoral 
side graft placement, graft tension change was our 
fi rst priority based on our previous study which 
investigated the relationship between graft length 
change and graft placement on the femoral side [ 6 ]. 
For the MPFL reconstruction, taking graft tension 
change into account is important as it would deter-
mine MPFL graft function such as patellar tracking 
and patellofemoral pressure by the graft, which 
would also be affected by preoperative patellar 
height, trochlear shape, patellar tilt, and sublux-
ation. The length pattern also determines early knee 

range of motion recovery and postoperative patellar 
alignment. In this chapter, our MPFL reconstruction 
procedures based on graft tension change and anat-
omy are described.

19.2        Preoperative Assessment 

 Thorough clinical examinations are performed 
such as knee fl exion angle where dislocation is 
most induced, the degree of apprehension, the 
degree of muscle contribution on instability, and 
active patellar tracking without anesthesia. Routine 
X-rays of anteroposterior, lateral, Rosenberg, and 
skyline (30, 60, and 90° of knee fl exion) views are 
taken for both knees. Computed tomography for 
both lower extremities is taken to evaluate the 
alignment such as femoral  anteversion, lateral 
patellar shift, lateral patellar tilt, dysplasia of the 
trochlea, patellofemoral joint congruity, and exter-
nal rotation of tibia. Combined osteochondral 
fracture is also evaluated. MRI is taken to evaluate 
the status of residual MPFL, bone bruise, and 
other combined injuries. Under anesthesia, the 
degree of dislocation and passive patellar tracking 
are fi nally evaluated.  

19.3     Surgical Procedures 

 A standard arthroscopic examination is per-
formed, and combined injuries are managed 
according to the injury status. If any additional 
surgery such as lateral release or tibial tubercle 
transfer is required, those surgeries are performed 
before MPFL reconstruction in order to correct 
the patellar tracking. We think that MPFL recon-
struction works for maintaining the restored 
patellar tracking and preventing the dislocation, 
but correcting abnormal tracking by MPFL 
reconstruction alone will put too much stress on 
the reconstructed MPFL, resulting in limited 
range of motion, osteoarthritis, and graft failure. 
Generally, patients with large tibial tubercle- 
trochlear groove distance (TT-TG) [ 5 ] and/or 
osteoarthritis of patellofemoral joint require tib-
ial tubercle transfer, and patients with increased 

  Fig. 19.1    Anatomy of MPFL. After removal of the distal 
part of the vastus medialis and peeling away the rectus 
femoris from the vastus intermedius, the MPFL ( black 
star ) was observed to be a fanlike shape. The proximal 
fi bers of MPFL were mainly attached to the vastus inter-
medius tendon ( black arrow ), without tight adhesion to 
the vastus medialis.  PT  patellar tendon,  RF  rectus femoris, 
 VI  vastus intermedius,  VM  vastus medialis       
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lateral dislocation along with knee fl exion require 
extensive lateral release. 

 An oblique 2-cm incision is made on the 
anteromedial tibial surface at the level of the pes 
anserinus. Semitendinosus or gracilis tendon is 
harvested with an open-loop tendon stripper 
(Smith & Nephew Endoscopy, Andover, MA, 
USA). Graft selection is made depending on the 
tendon size and patient’s height. The harvested 
tendon is folded, creating a double-stranded bun-
dle with EndoButton CL (Smith & Nephew 
Endoscopy) with one bundle approximately 7 cm 
for the patellar bundle and the other at least 8 cm 
for the proximal bundle described later. 

 An oblique curve 3-cm incision is made at 
the proximal half of the patella along with 
medial edge is prepared. Another straight 2-cm 
incision is made at the femoral insertion of the 
MCL. A curved clamp is bluntly introduced 
between the second and the third layers from the 
medial patellar incision site in the direction of 
the femoral attachment of the MCL, creating the 
reconstruction route for the graft between the 
femur and patella. 

 A guidewire for the femoral drill hole is 
inserted at the center between the medial epicon-
dyle and the adductor tubercle by palpating each 
prominence through the incision. Then, a folded 
polyester vessel tape is hooked onto the guide-
wire, introduced through the reconstruction 
route to the medial patellar site, and provision-
ally fi xed to the proximal one-third of the patella 
with sutures at 70° of knee fl exion. Tension of 
the vessel tape, patellar stability, and patellar 
tracking are confi rmed from 0° to 120° of knee 
fl exion. If those are not satisfactory, the guide-
wire is moved according to our previous study 
[ 6 ]. In this study, we have revealed that graft 
placement at the femoral site anterior-proximally 
is inclined to lengthen the graft length with knee 
fl exion, whereas graft placement posterior-dis-
tally is inclined to lengthen the graft length with 
knee extension (Fig.  19.2 ). For instance, if the 
tension of the tape becomes too high with knee 
fl exion or residual patellar instability is observed 
near knee extension, the guidewire is moved 
posterior- distally, and the same confi rmation 
procedure is repeated.

   Once the optimal femoral tunnel position is 
determined, a 4.5-mm-diameter tunnel is created 
to the lateral cortex of the femur using an 
EndoDrill (Smith & Nephew Endoscopy). 
Thereafter, a femoral socket with a diameter 
matching the graft diameter is created according 
to the graft length inserted into the femoral tun-
nel. The graft is inserted into the femoral tunnel 
using a passing pin. The femoral side of the graft 
is fi xed with the EndoButton CL. 

 For the patellar side fi xation, we position the 
graft to mimic its native attachment site based on 
our anatomic study [ 3 ]. Namely, we reconstruct 
both the proximal bundle attached to the vastus 
intermedius tendon (proximal bundle) and the 
bundle attached to the proximal two-thirds of the 
patella (patellar bundle) (Fig.  19.3 ). After the fem-
oral side fi xation, the graft is introduced through 
the reconstruction route to the medial patellar site. 
A 4.5-mm-diameter bent tunnel is created at the 
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  Fig. 19.2    Graft placement at the femoral site in 27 cases. 
The Isotac (Smith & Nephew Endoscopy) was placed at the 
center of the femoral drill hole, and the graft length change 
in the MPFL reconstruction route was measured. The X rep-
resents the Isotac position where the graft length became 
longer with knee fl exion. The diamond represents the Isotac 
position where the graft length became shorter with knee 
fl exion. The circle represents the mean Isotac position. The 
graft placement anterior-proximally was inclined to lengthen 
the graft length with knee fl exion ( black arrow ), whereas 
graft placement posterior-distally was inclined to lengthen 
the graft length with knee extension ( white arrow )       
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proximal one-third of the patella, and the patellar 
bundle is introduced through the tunnel to the 
patellar surface. We set the bent tunnel to avoid 
postoperative patellar fracture by the straight bone 
tunnel to the lateral side of the patella. The patellar 
bundle is sutured against the prepatellar fascia 
using No. 0 braided polyester sutures with ade-
quate tension at 70° of knee fl exion, where the 
patella is stabilized into the femoral groove. For 
the proximal bundle, a 1-cm longitudinal cut is 
made at the lateral border of the rectus femoris ten-
don, just proximal to the patellar insertion site. A 
curved clamp is bluntly introduced from the cut to 
the medial patellar site under the vastus interme-
dius and vastus medialis tendon to create the 
reconstruction route, and then the proximal bundle 

is introduced to the lateral border of the rectus 
femoris tendon. The proximal bundle is sutured 
against the quadriceps fascia and the prepatellar 
fascia using No. 0 braided polyester sutures with 
adequate tension at 70° of knee fl exion. In this 
way, we expect not only static stabilization by the 
patellar bundle but also dynamic stabilization by 
the proximal bundle. Correction of patella alta 
could also be expected by tensioning the proximal 
bundle distally during its fi xation.

19.4        Postoperative Management 

 Patients are encouraged to practice quadriceps 
setting and range of motion exercise from 2 days 
after the surgery. Static partial weight bearing is 
also permitted in knee extension with a knee 
brace. Wearing the knee brace is important until 
the recovery of knee extension muscle strength 
when the straight leg raising becomes possible. 
Walking with weight bearing on crutches is then 
started and gradually progressed. Jogging is 
allowed after 3 months, and patients progress to 
full activity after 6 months.     

   References 

   1.    Cox JS. An evaluation of the Elmslie-Trillat procedure 
for management of patellar dislocations and sublux-
ations: a preliminary report. Am J Sports Med. 1976;
4(2):72–7.  

   2.    Desio SM, Burks RT, Bachus KN. Soft tissue restraints 
to lateral patellar translation in the human knee. Am 
J Sports Med. 1998;26(1):59–65.  

    3.    Mochizuki T, Nimura A, Tateishi T, Yamaguchi K, 
Muneta T, Akita K. Anatomic study of the attachment 
of the medial patellofemoral ligament and its charac-
teristic relationships to the vastus intermedius. Knee 
Surg Sports Traumatol Arthrosc. 2013;21(2):305–10.  

   4.    Muneta T, Sekiya I, Tsuchiya M, Shinomiya K. A tech-
nique for reconstruction of the medial patellofemoral 
ligament. Clin Orthop Relat Res. 1999;359:151–5.  

   5.    Schoettle PB, Zanetti M, Seifert B, Pfi rrmann CW, 
Fucentese SF, Romero J. The tibial tuberosity- trochlear 
groove distance; a comparative study between CT and 
MRI scanning. Knee. 2006;13(1):26–31.  

    6.    Tateishi T, Tsuchiya M, Motosugi N, et al. Graft length 
change and radiographic assessment of femoral drill 
hole position for medial patellofemoral ligament recon-
struction. Knee Surg Sports Traumatol Arthrosc. 2011;
19(3):400–7.      

VL
RF

PT

VM

  Fig. 19.3    MPFL reconstruction based on our anatomic 
study. The patellar bundle ( white star ) is introduced 
through the tunnel created at the proximal one-third of the 
patella to the patellar surface and sutured against the pre-
patellar fascia. The proximal bundle ( black star ) is intro-
duced to the lateral border of the rectus femoris tendon 
under the vastus intermedius and vastus medialis tendon 
and sutured against the quadriceps fascia and the prepatel-
lar fascia.  PT  patellar tendon,  RF  rectus femoris,  VM  vas-
tus medialis,  VL  vastus lateralis       
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        Anteromedial tibial tubercle transfer (also called 
anteriorization of the tibial tubercle or AMZ) is 
most useful for unloading symptomatic patello-
femoral articular lesions on the lateral and dis-
tal aspect of the patella while centering patella 
tracking [ 1 ]. The classic patient who benefi ts 
from anteromedial tibial tubercle transfer has 
Ficat’s “excessive lateral pressure syndrome 
(ELPS) [ 2 ].” A patient who has had long-stand-
ing lateral tracking of the patella with overload 
of the lateral facet [ 2 – 7 ] generally breaks down 
the articular cartilage of the lateral patella and 
trochlear facets (Fig.  20.1 ), sometimes result-
ing in chronic pain. The typical pattern also 
breaks down distal patella articular damage as 
the patella courses from an abnormally lateral 
position in extension across the proximal lateral 
trochlea in early fl exion, breaking down distal as 
well as lateral articular cartilage. Fortunately, the 
vast majority of patients with this aberration also 
are left with intact medial patella articular carti-
lage, particularly on the more proximal aspect of 
the medial patella.

   Anteromedial tibial tubercle transfer may also 
be useful in patients with lateral patellar tracking 
who have damaged the distal patella medially as 
a result of relocation following patellar disloca-
tion. An important prerequisite for success with 
anteromedial tibial tubercle transfer, however, is 
 intact  proximal medial patella articular cartilage. 
Anteromedial tibial tubercle transfer has also 
been useful in conjunction with patellofemoral 
resurfacing procedures. 

        J.  P.   Fulkerson ,  MD   
  Department of Othopedic Surgery , 
 Orthopedic Associates of Hartford, P.C., 
Clinical Professor of Orthopedic Surgery, 
University of Connecticut Medical School, 
499 Farmington Avenue, Suite 300 , 
  Farmington ,  CT 06032 ,  USA   
 e-mail: patelladoc@aol.com  

  20      Anteromedial Tibial Tubercle 
Transfer 

              John     P.     Fulkerson    

Contents

20.1  Technique .....................................................  152

20.2  Rehabilitation ..............................................  153

20.3  Expectations .................................................  153

References ...............................................................  153

mailto:patelladoc@aol.com


152

20.1     Technique 

 Anteromedial tibial tubercle transfer requires an 
incision of 6–10 cm along the tibial crest, extend-
ing from 2 cm proximal to the tibial tubercle to a 
point 4–7 cm distal to the tibial tubercle. After 
identifying the patella tendon insertion into the 
tibial tuberosity, the tibialis anterior muscle is 
refl ected laterally. Using retractors to expose the 
entire lateral tibia, an oblique osteotomy is cre-
ated from the medial patellar tendon insertion, 
extending to a point at the anterior tibial crest 
about 5–7 cm distally, such that the osteotomy is 
tapered anteriorly to exit at the anterior tibial 
crest distally. The osteotomy is designed to be 
oblique such that when the tibial tuberosity is 
moved, it will slide across the osteotomy plane 
both anteriorly and medially. The average oste-
otomy moves approximately 1 cm medially and 
1 cm anteriorly. The tubercle may be moved 
slightly distally also to correct patella alta as 

needed (8) but this is usually not necessary or 
advised. To do this, some distal bone pedicle 
must be removed.  Most important in creating this 
oblique osteotomy is to watch the cutting blade 
laterally at the lateral tibia from distal to proxi-
mal.  The cut should be made through the distal 
aspect of the osteotomy fi rst and then saw blade 
observed continuously as the blade moves proxi-
mally and posteriorly. The blade should never be 
out of the surgeon’s direct vision, as the deep 
peroneal nerve and the anterior tibial artery are 
just behind the posterolateral tibia at this level. 

 To complete the osteotomy, an oblique cut is 
made on the lateral tibia from the most proximal 
lateral aspect of the osteotomy just above the 
patellar tendon. A third cut is then required to cut 
across the top of the osteotomy above the patellar 
tendon insertion to connect it to the starting point 
at the proximal medial tibial cortex just medial. 
After breaking loose the osteotomy shingle that 
has been created, it is shifted anteromedially 
(Fig.  20.2 ) and secured in its new location with 
two cortical screws into the posterior tibial  cortex. 
After this is completed, lateral  infrapatella releas-
ing is done as needed to mobilize the patella, or 
the lateral release may be done preliminarily 
when necessary to relieve tilt, excessive tight-
ness, or infrapatellar scarring. (Anteromedial 
tibial tubercle transfer is very helpful in many 
patients with infrapatellar contracture associated 

  Fig. 20.1    Ideal patient for AMZ       

  Fig. 20.2    Anteromedial tibial tubercle transfer before 
screw fi xation. Note anterior taper at distal end and full 
exposure of lateral tibia       
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with excessive lateral pressure syndrome, as this 
osteotomy distracts any released infrapatellar 
contracture).

20.2        Rehabilitation 

 Following anteromedial tibial tubercle transfer, 
the patient should begin range of motion exer-
cises as soon as the immediate surgical pain has 
abated. The patient should bend the knee once a 
day for the fi rst 2–3 weeks, achieving 90° of knee 
fl exion by 2 weeks following surgery. The patient 
should use crutches and protected weight bearing 
for 6 weeks following which the patient goes to 
physical therapy for further motion and strength 
exercises as well as weight bearing and progres-
sion off of crutches, usually by 8 weeks post-op.  

20.3     Expectations 

 For properly selected patients, this procedure yields 
good and excellent results [ 1 – 9 ]. It is the best alter-
native to patellofemoral replacement particularly in 
younger patients with ELPS and for patients with 
lateral patella instability when the surgeon docu-
ments lateral patella tracking/overload and a need 
for patella medialization with unloading of the dis-
tal and lateral aspects of the patellofemoral joint.     
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21.1            Introduction 

 Patellofemoral problems are a frequent common 
complaint in patients with knee pain. This is 
present in both adolescents and adults, and many 
terms have been used to describe this condition. 
Anterior knee pain and chondromalacia patella 
are two terms used to describe the knee pain 
which is noted to be present in the anterior aspect 
of the knee in the retropatellar area. In addition, 
many adolescents present with patellofemoral 
instability which can be with either frank disloca-
tion or subluxation. Insall described this as patel-
lofemoral malalignment in an attempt to explain 
patellofemoral tracking problems which lead to 
abnormal tracking, acute and chronic dislocation, 
and anterior knee pain. 

 Many physicians have avoided treating 
patients with patellofemoral disorders due to the 
diffi culty in achieving good results. This is often 
due to the diffuse nature of their symptoms or the 
apparent psychological overlay which can con-
tribute to pain in the retropatellar area. 

 Initial treatment needs to be focused on reha-
bilitation. Many of these patients have weakness 
of their extensor mechanism which often 
improves with strengthening and stretching of 
their quadriceps and hamstring muscle groups. 
Patellofemoral taping programs, as described by 
McConnell, have been an important adjunct to 
augment the therapeutic exercises which often 
improve patients with mild instability patterns or 
anterior knee pain [ 1 ]. 
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 Many factors need to be considered in  assessing 
patients with patellofemoral pain and instability as 
this is a multifactorial problem. Local factors in 
the knee which are primary determinants of patel-
lar instability include trochlear dysplasia, patellar 
tilt, tibial tuberosity-trochlear groove    (TT-TG) 
offset, and patellar height [ 2 ]. Overall structural 
alignments of the limb including hip rotation with 
femoral anteversion, distal rotation with tibial tor-
sion, genu valgum, and genu recurvatum are also 
secondary contributory factors to patellar align-
ment and stability. Lateral retinacular tightness 
and poor muscular strength of the vastus medialis 
obliquus (VMO) are also contributory to instabil-
ity and pain. Abnormalities in these structures and 
their relationships to the normal force vectors pre-
dispose the patient to develop patellar instability 
and/or patellofemoral pain syndrome. 

 After failure of conservative care, surgical 
intervention is focused on treatment of recurrent 
patellar instability due to the signifi cant disability 
which occurs from recurrent dislocation of the 
patella. As a result, numerous operative proce-
dures and modifi cations which number over 100 
have been described to try to prevent a recurrence 
of the instability episode. These procedures have 
focused on different factors which were thought 
to be the primary cause of instability, and authors 
differed in their opinion as to the importance of 
proximal soft tissue reconstructions or distal 
realignment procedures which often included 
osteotomies. The Elmslie-Trillat procedure was 
developed to treat patellofemoral instability as a 
combination of soft tissue and bone realignment. 
This procedure evolved from a procedure ini-
tially noted by Roux in 1888 in a surgical proce-
dure to stabilize patellar instability which 
combined a distal osteotomy procedure with a 
proximal soft tissue repair. The distal tibial tuber-
cle osteotomy involved medialization of the 
tubercle with medial rotation of the patellar ten-
don insertion site into the tibial tubercle. This 
decreased the Q angle present and was successful 
in improving patellar stability. Golthwaite modi-
fi ed this procedure in 1895. 

 Further modifi cations were proposed in an 
attempt to improve the results of treatment of 
patellar instability. Hauser changed the site of 

fi xation of the tibial tubercle osteotomy, and in 
addition to medialization, the patellar tendon 
insertion was moved distally. Posteriorization 
of the tubercle was associated with increased 
patellofemoral pain and increased levels of 
 osteoarthritis of the patellofemoral joint [ 3 ]. 
Unfortunately, due to the altered biomechanics of 
the extensor mechanism and altered forces on the 
patellofemoral joint, numerous studies have dem-
onstrated the development of patellofemoral 
arthritis following the Hauser modifi cation [ 4 ,  5 ]. 
Subsequently, Trillat et al., in 1964, introduced a 
modifi cation in which the tibial tubercle was only 
medialized without distalization [ 6 ]. 

 During this procedure, a lateral retinacular 
release was performed. Modifi cations of the 
Elmslie-Trillat procedure have been successful in 
restoring stability to the knee following patellar 
dislocation.  

21.2     Surgical Indications 

 Patients with recurrent patellar instability and 
patellar malalignment who have failed conserva-
tive treatment are appropriate for evaluation for 
surgical treatment.    Assessment of the need for 
proximal realignment with medial patellofemo-
ral ligament reconstruction or medial plication 
with lateral release versus distal realignment 
with possible distalization of the tibial tubercle 
for patella alta is needed. Patients with recurrent 
patellar instability or subluxation with an abnor-
mally increased Q angle and increased TT-TG 
translation without patella alta are good candi-
dates for surgical reconstruction. Patients with 
signifi cant patellofemoral disease are not good 
operative candidates for this procedure due to 
poor results which appear related to the patello-
femoral arthrosis [ 7 ]. For this reason, perfor-
mance of this procedure is limited often to 
patients less than 35 years of age or to those 
undergoing a combined patellofemoral compart-
ment biologic resurfacing procedure in conjunc-
tion with the realignment procedure in our 
practice. Patients with open physis of the tibial 
tubercle are also excluded due to the risk of 
growth plate arrest. 

J. Lane et al.



157

 A CT scan is obtained preoperatively, and the 
TT-TG distance is calculated by using the ruler 
on the scan in the posterior aspect of the knee and 
measuring the position of the center of the troch-
lear groove and determining the distance to the 
central portion of the tibial tubercle (Fig.  21.1 ).

   TT-TG distances greater than 20 mm are 
 present in patients who are candidates for the 

Elmslie- Trillat procedure. Determination of the 
need for advancement of the medial retinaculum 
is based on the amount of translation of the 
patella at time of surgery, and the need for a lat-
eral release is dependent upon the amount of 
patellar subluxation seen on x-ray and the tight-
ness noted after performance of the tubercle oste-
otomy with rotation. Reduction of the TT-TG 
distance to 10–15 mm is optimal [ 8 ].  

21.3     Surgical Technique 

 In patients with patellofemoral instability, preop-
erative assessment includes physical examination 
and diagnostic studies. These studies include a 
CAT scan to assess the tibial tuberosity-trochlear 
groove distance. This is important to calculate 
the distance that the tibial tubercle needs to be 
medialized to improve the alignment. The patient 
is placed on the operating table in the supine 
position and a diagnostic arthroscopy is per-
formed to assess the patellofemoral joint surfaces 
as well as the patellofemoral alignment and sta-
bility. To perform the distal osteotomy, an inci-
sion is made over the anterior fascia and a 
dissection of the muscles off of the tubercle is 
performed in preparation for the osteotomy. 
Multiple drill holes are made in the coronal plane 
starting at the superior aspect of the tibial tuber-
cle in the coronal plane with a drill or K wires 
which can be left in place. Proximally, the depth 
of the insertion of the wires is approximately 
5–7 mm. This is sequentially decreased to 
1–2 mm at the distal aspect of the osteotomy site 
4–5 cm distal to the patellar tendon insertion to 
the tubercle. An osteotome or saw is then used to 
complete the proximal aspect of the osteotomy. 
Distally where the osteotomy fragment is only 
1–2 mm thick, an osteotome is directed distally 
and is used to crack the anterior cortex with the 
soft tissue hinge present (Fig.  21.2 ). This then 
allows distal attachment to remain intact, but the 
tubercle can be rotated medially on this soft tis-
sue attachment. This facilitates postoperative 
therapy as proximal migration of the tubercle is 
prevented by the soft tissue and periosteum 
attachment of the distal osteotomy site. 

  Fig. 21.1    Calculation of the TT-TG distance is made by 
measuring the difference between two projections made 
on simultaneous axial CT scans with the extremity in 
extension and the patella directed anteriorly. The fi rst pro-
jection is drawn perpendicular to the posterior aspect of 
the knee through the center of the tibial tubercle. This line 
projects onto a grid superimposed onto the scan below. 
The second projection is drawn perpendicular to the pos-
terior condyles of the femur (in the same plane as the line 
through the tibial tubercle) in the central aspect of the 
trochlea, extending to the grid below. The grid is cali-
brated to measure distance in millimeters between the two 
scans through which the two projections pass       

 

21 Elmslie-Trillat Procedure: A Distal-Based Procedure for Patellar Stabilization



158

The amount of medialization of the proximal 
aspect of the tibial tubercle at the patellar tendon 
insertion site is determined with consideration of 
the preoperative studies. Arthroscopic evaluation 
of the patellar tracking is determined prior to 
defi nitive fi xation to assess appropriateness of the 
translation. The tubercle is then fi xed with two 
screws. This can be performed with either 3.5 or 
4.5 mm screws based on the integrity of the soft 
tissue attachment distally. Medial plication of the 
medial retinaculum can be performed either open 
with an arthrotomy or arthroscopically if needed 
to help improve stability dependent upon patellar 
stability based on the integrity of the medial 
structures assessed after transfer of the tibial 
tubercle. Closure of the skin is sometimes per-
formed with use of a drain if needed following 
the procedure to prevent hematoma formation.

   Postoperative care includes early passive 
range of motion exercises in a range of motion 
brace through a safe range of motion determined 
during the surgical procedure. Early weight bear-
ing is encouraged in an extended position with 
the range of motion brace locked in full exten-
sion. Quadriceps strengthening with the knee in a 
limited range of motion from 0 to 60 is encour-
aged. Range of motion with full weight bearing is 
dependent upon the amount of elevation of the 
tubercle and the need for medial reefi ng. In 
patients with only medialization and an intact 
hinge at the distal edge of the osteotomy, full 
weight bearing with limited fl exion angles can 
begin as early as 6 weeks postoperatively depend-
ing upon radiographic evaluation and symptoms 
with weight bearing.  

21.4     Discussion 

 Patellofemoral instability and patellofemoral pain 
syndrome continue to be diffi cult problems to 
treat. Improved physical therapy and exercise pro-
grams have shown to be successful in resolving 
many of the symptoms. The many types of patel-
lofemoral instability procedures can be classifi ed 
into proximal, distal, or combined procedures. 
Patients that continue to have signifi cant instability 
or pain are often responsive to surgical treatment. 

 Proximal repair or reconstruction procedures 
with repair or reconstruction of the medial patel-
lofemoral ligament have been shown to be suc-
cessful [ 9 ,  10 ]. Advancement of the medial 
retinaculum has long been an option for restoring 
stability to an unstable patella [ 11 ,  12 ]. Lateral 
retinacular release    has been shown not to be effec-
tive in restoring stability, and studies have shown 
that release of the lateral retinaculum in knees 
with injury to the medial structures causes the 
development of additional instability [ 13 – 15 ]. The 
importance of the medial patellofemoral ligament 
has been shown to be an important factor in patel-
lar instability and this has improved our ability to 
obtain good results in restoring patellar stability. 

 Distal realignment procedures can be done in 
isolation. Fulkerson has popularized anteromedi-
alization of the tibial tubercle with good results 

  Fig. 21.2    Lateral radiograph of the knee demonstrating 
the medialization of the tibial tubercle which is rotated 
anteromedially with an intact distal periosteal hinge. 
Multiple drill holes are made to initiate the plane of the 
osteotomy, and then osteotomes are used to complete the 
cut and crack the distal periosteal hinge       
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in patients with both instability and anterior 
knee pain [ 16 ]. 

 Many studies have demonstrated the benefi ts 
of the Elmslie-Trillat procedure in achieving sta-
bility with a combination of distal and proximal 
procedures. Barber and McGarry evaluated 35 
knees in patients with an average of 27.7 years and 
noted that 91.4 % of the patients had stable knees 
at follow-up [ 17 ]. The results of the procedure 
have been shown to be long-standing as noted in a 
26-year follow-up by Carney et al. in which there 
was no increase in instability over time [ 18 ]. 

 The procedure however has not been success-
ful in treating patellofemoral pain or patellofem-
oral arthritis. Nakagawa showed that 74 % of 
patients that underwent the Elmslie-Trillat proce-
dure developed degenerative changes at 10–20- 
year follow-up [ 19 ]. 13 of 31 knees (42 %) 
developed defi nitive osteoarthritis. When strati-
fi ed for success in treatment of patellar instability 
versus treatment of patellofemoral pain, the 
results are noted to vary widely. Kumar noted 
that all patients that underwent distal realignment 
for patellar instability received a good or excel-
lent result.    The results were much worse when 
performed for patellofemoral pain and patello-
femoral pain with instability as the percentages 
of good results in these scenarios were 40 and 
44 %, respectively (functional evaluation of the 
modifi ed Elmslie-Trillat procedure for patello-
femoral dysfunction) [ 7 ]. In response to results as 
noted in these clinical scenarios, alternate treat-
ment options have been suggested as noted with 
different osteotomies including anteromedializa-
tion as described in a surgical technique by 
Fulkerson [ 16 ]. 

 There still remain patients with trochlear dys-
plasia which remain problematic. Dejour has 
shown the importance of trochlear dysplasia, and 
performance of trochleaplasty is effective in help-
ing to restore stability in experienced hands. For 
patients with patella alta, consideration of distal-
ization of the tubercle insertion of the patellar ten-
don is important to help the patella engage in the 
trochlea earlier in the fl exion cycle of the knee. 

 In patients with increased tibial tuberosity-
trochlear groove distances and intact articular 

surfaces, medialization via the Elmslie-Trillat 
technique can be very effective in providing 
patellofemoral stability. In knees with patellar 
chondral defects, the combination of anteromedi-
alization as noted by Fulkerson helps improve 
results in patients with patellar  subluxation/
instability.          
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22.1            Passive and Active Stability 
of the Patellofemoral Joint 

 Skeletal, ligamentous (passive), and muscular 
(active) stabilizers of the patella and the knee 
joint all work together for the stability of the 
patellofemoral joint (see Fig.  22.1 ).

   The    skeletal geometry of the lower limb cre-
ates a passive stability during knee motion. The 
knee alignment measured, for example, by the Q 
angle or the femoral anteversion plays important 
roles for the stability of the patella in the troch-
lear groove but above all for the congruity 
between the patellotrochlear articular surfaces. 

 The geometry of the trochlear groove itself is 
of the highest importance during the fi rst 30° of 
fl exion (30–0° of extension) affecting the skeletal 
stability. Most of the dislocations occur at the 
beginning of the fl exion after which the patella is 
more stably trapped between the femoral con-
dyles at the lower part of the trochlear groove. 
The skeletal stability can be affected by patello-
femoral dysplasia, where the geometric confi gu-
ration of the trochlea is primarily not developed. 
The patella shape in comparison with the troch-
lea usually plays a secondary role even if the 
patella is found dysplastic [ 1 ]. 

 The ligamentous stabilizers of the patella (ret-
inacula, medial patellofemoral ligament) also 
play an important role. The shape of the trochlear 
surface affecting the skeletal stability and the 
ligaments of patellofemoral joint preserve the 
passive stability which cannot be affected by 
training or any voluntary activity. Ligamentous 
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stability works by stabilizing the joint throughout 
the whole range of motion. 

 The medial patellofemoral ligament and the 
lateral patellofemoral ligament (transverse reti-
naculum) are also passive stabilizers medially 
and laterally of the patella. They work synerget-
ically with the VMO and VL muscles and add to 
the active stability [ 2 ]. 

 The quadriceps, acting over the joint during 
contraction, contributes to the patellofemoral sta-
bility as active stabilizers. The active stability of 

the patellofemoral joint can be improved by 
training. 

 The longitudinal medial and lateral retinacula 
act both through passive support to the patellar 
ligament. However, they are also active stabiliz-
ers acting as tendon-like aponeuroses of the vas-
tus medialis obliquus (VMO) and vastus lateralis 
muscles (VL). 

 The patellar ligament (tendon) has a double 
role. It mainly acts as a passive stabilizer by lim-
iting the proximal movement of the patella but 
also secondarily as a tendon of the quadriceps 
muscle functioning as an active stabilizer.  

22.2     Trochlear Dysplasia 

 Trochlear dysplasia can be classifi ed into 3 
grades depending on the shape of the articular 
surface. In grade 1, trochlea is fl at or shallow, 
while in grade 2 it is convex shaped and extends 
more proximal. In grade 3, the lateral trochlea is 
fl at with the lateral patellar facet articulating on 
its lateral surface and not to the dysplastic medial 
trochlea (Figs.  22.2  and  22.3 ).

    In patients with dysplasia of the trochlea, there 
is usually a lateral tracking and tilting of the 
patella, especially during muscle contraction. 
Depending on the grade of the dysplasia, the 
patella may be slightly tracked or tilted laterally, 
recurrently subluxating or dislocating during 
knee motion [ 3 ]. 

 In trochlear dysplasia, the contact areas of the 
patella and trochlea are altered along with the con-
tribution of the applied forces on the articular sur-
faces. The forces are applied in different areas than 
in normal joints (Fig.  22.4 ). Subsequent tilting or 
subluxation or dislocation of the patella also sub-
jects the articulating areas to increased shearing 
forces on the medial-lateral axis. The abnormal 
lateral tracking causes a stress concentration in a 
small contact area of the patellofemoral joint 
resulting in kissing cartilage lesions on lateral 
trochlear surface and lateral patellar facet. These 
lesions may be the result of the repeated abnormal 
forces or of an acute episode of traumatic sublux-
ation or dislocation causing damage to the articu-
lar cartilage surfaces in the contact areas.

  Fig. 22.1    Active and passive stabilizers of the patella. 
The  red arrows  show active muscle stabilizers, VMO, rec-
tus femoris, and VL. The  green arrows  show passive sta-
bilizers, medial patellofemoral ligament (medial 
transverse retinaculum), and lateral patellofemoral liga-
ment (lateral transverse retinaculum). The  blue arrows  
show passive and active stabilizers, patellar ligament, and 
longitudinal medial, and lateral retinacula       
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Normal Grade I Grade II Grade III

  Fig. 22.2    Schematic drawings of trochlear dysplasia. 
Grade I, fl at or shallow trochlea; grade II, convex-shaped 
trochlea that extends more proximally; and grade III, 

 lateral trochlea is fl at with the patella articulating on the 
lateral trochlear surface and medial trochlea dysplastic       

a b

c

  Fig. 22.3    Computerized tomography with the knees in 
extension. ( a ) Patient with grade III trochlear dysplasia 
showing fl at lateral trochlear articular surface articulating 
with lateral patellar facet, with slight subluxation on the 
right knee. ( b ) Patient with extended knees and quadriceps 

contraction showing subluxation of both patellas. ( c ) 
Patient with extended knees during quadriceps contrac-
tion showing right knee with subluxation and left knee 
with dislocation. Both ( b ) and ( c ) show fl at trochlear 
grooves       
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  Fig. 22.4    The different contact areas of normal trochlea and patella in different angles of knee fl exion       
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   In these cases, the cartilage lesions should be 
treated along with the trochlear dysplasia or any 
other background factors leading to the patellar 
instability or malalignment [ 4 ]. The fact that 
trochlear dysplasia is a developmental abnormal-
ity affecting young ages often combined with a 
patella alta makes the contact of patella to the 
trochlea important for the development of the 
trochlear groove (sulcus). This increases the 
importance of prompt identifi cation and treat-
ment of this problem in order to develop and pre-
serve the congruity and integrity of the joint.  

22.3     Open Proximal 
Trochleaplasty 
(Grooveplasty) 

 The open proximal trochleaplasty was fi rst 
described in 1988 [ 1 ]. It is indicated in cases with 
trochlear dysplasia causing symptomatic patello-
femoral instability or cartilage patellofemoral 
lesions. The purpose of this procedure is to 
reconstruct to a close to normal trochlear groove 
and to subsequently stabilize the patella during 
the fi rst 30° of knee fl exion (extension 30–0°). 
The technique aims to avoid and/or minimize 
interfering with the patella-trochlea congruity. 

 The philosophy of the procedure is based on 
that patellar dislocations initiate during the fi rst 
30° of knee fl exion. In cases with trochlear dyspla-
sia, where the skeletal stability is already insuffi -
cient and the patella is not stable lying in the center 
of the trochlea, the quadriceps contraction is usu-
ally the cause of lateral tracking, dislocation, or 
subluxation of the patella. If the patella passes the 
fi rst 30° of knee fl exion without being subluxated, 
then in further fl exion it will remain stable by the 
passive and active stabilizers. At fl exion angles 
exceeding 30°, the patella is trapped between the 
femoral condyles at the notch (passive stabiliza-
tion), and the stretched ligaments (especially the 
medial and lateral retinacula) will effectively sta-
bilize the patellofemoral joint. According to this 
theory, only the proximal part of the trochlea, 
which is in contact with the patella during the fi rst 
30°, needs to be deepened in order to achieve the 
desired patellofemoral joint stability. Therefore, 

there is no functional need for altering the 
 congruity of the patella-trochlea distally as it does 
not affect the patellar tracking. On the contrary, it 
will cause abnormal loading and wear between the 
incongruent articular surfaces of the patella and 
the existing sulcus with gradual cartilage erosion 
as a result. 

 Other trochlear grooveplasties have also been 
used, such as lateral trochlear open-wedge oste-
otomy and subchondral trochlear burring [ 5 – 8 ]. 
Although these techniques may anatomically 
restore the proximal skeletal stability, they inter-
fere with the patella-trochlea congruity. Although 
the dislocation of the patella may be resolved, the 
alteration of the congruity of the patellofemoral 
joint may increase the forces applied on the carti-
lage and may also lead to eccentric loading of the 
joint resulting in a progressive osteoarthritis. 

 The open proximal trochleaplasty should almost 
always be performed as a part of more extended 
strategy. The aim should be the total restoration of 
the patellofemoral alignment along with the repair 
of the cartilage lesions when present. 

 The whole surgical protocol starting from the 
preoperative planning up to the grooveplasty and 
rehabilitation is described below. 

22.3.1     Preoperative Planning 

 The diagnostic approach of any patient with 
patellofemoral instability should include the 
identifi cation of the factors that may contribute to 
the malalignment and instability of the patella. 
Based on the fi ndings of the diagnostic approach, 
a preoperative plan should be scheduled, includ-
ing the corrections needed to be performed. The 
therapeutic approach should be individualized, 
for any single patient, depending on the factors 
that need to be corrected. 

 A meticulous clinical examination is of high 
importance and should be performed prior to any 
laboratory exams. In grade I instability, the 
patella will usually not dislocate but track later-
ally before moving proximally on slow quadri-
ceps contraction with the knee in extension; slow 
VMO activation delays proximal traction. 
Apprehension test is negative. In grades II and 
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III, the apprehension test is positive. Patellar lat-
eral subluxation and patellar tilt are found. 
Quadriceps contraction on an extended knee may 
occasionally dislocate the patella in grade II. A 
persisting instability with recurrent subluxation 
and sporadic dislocations is present in 0–30° of 
fl exion, in grade III instability. 

 Long plain X-rays of the limb (hip-knee- 
ankle) on AP plane should be performed in order 
to measure the mechanical axis, assess the Q 
angle, and identify a potentially valgus knee. 
Assessment of the tibial tubercle-trochlear 
groove distance (TT-TG) could be helpful. CT 
scan of the patellofemoral joint in extension is 
used, identically with and without quadriceps 
contraction in order to reveal lateral tracking or 
instability and trochlear dysplasia. 

 Skyline views of the patella are usually per-
formed as the fi rst imaging approach in order to 
evaluate the trochlear sulcus angle and assess the 
patellofemoral congruity. However, it only gives 
a static, nonfunctional image of the joint and 
lacks the ability of the active evaluation of the 
joint in full extension or 20° of fl exion and fails 
to demonstrate the tendency of subluxation under 
the traction of quadriceps. Besides, this is a less 
accurate method of evaluating the exact anatomy 
comparing with CT scan. 

 MRI can be added to the CT scan, also demon-
strating the integrity of the ligamentous as well as 
muscular stabilizers of the patella. The integrity 
of medial patellofemoral ligament (MPFL) can 
also be examined, potentially indicating patellar 
dislocations in the past. MRI (conventional of 

more advanced techniques like dGEMRIC) is also 
used for the evaluation of the cartilage [ 9 ]. 
Dynamic MRI is expected to be used in the future 
giving the ability of a more functional assessment 
of the patellofemoral joint. 

 MRI arthrogram and arthroscopy are valuable 
tools for assessing the patellofemoral joint in 
details especially regarding articular cartilage 
lesions and dysplasia.  

22.3.2     Surgical Technique 

 A central skin incision is usually performed, fol-
lowed either by a medial or lateral arthrotomy 
(depending on other potentially performed opera-
tions or the location of cartilage lesions). The 
trochlea is exposed and an exploration of the 
patellofemoral joint is performed. The surgeon 
should fi rst identify and confi rm the type of dys-
plasia and the location and extent of any articular 
cartilage injuries (Figs.  22.5b  and  22.6a ).

    Then, the synovial lining (posterior wall of the 
suprapatellar bursa) should be released from the 
articular border of the proximal trochlea (on the 
anterior femoral cortex) (Fig.  22.5c ). 

 Then, the surgeon should aim for the top of 
the intercondylar notch and mark an imaginary 
line from the top of the notch to the top of the 
articular surface (Fig.  22.5c ). With the use of a 
curved osteotome, he or she    should remove artic-
ular cartilage and bone from the center of the 
trochlea, about 10 mm distal from the proximal 
edge of the cartilage and 15 mm medial and lat-

a b c d e f

  Fig. 22.5    Proximal trochlear grooveplasty. ( a ) Normal con-
fi guration of the trochlea groove, ( b ) fl at trochlear dysplasia, 
( c ) synovial lining released from the trochlea articular bor-
der, ( d ) with a curved osteotome perform distal resection of 
about 10–12 mm of the cartilage and bone, aiming to the top 

of the intercondylar notch. Then, complete the trochleaplasty 
by about 15 mm medial and lateral enlargement of the 
groove, ( e ) restoration of the trochlea groove after completed 
resection, ( f ) re-suturing of the synovial lining to the cartilage 
border of the trochlea using mattress sutures       

 

22 Open Proximal Trochleaplasty (Grooveplasty)



166

eral of the previously marked line, into a maxi-
mum depth of about 5 mm. The aim is to create a 
concavity on the most proximal part of the troch-
lea (Figs.  22.5d , e and  22.6b ). If the bone is also 
fl at or convex proximal to the trochlea, it should 
be removed with the osteotome or a burr and a 
continuous concavity should be created. Then the 
patella sliding through the groove should be 
checked and the Q angle should be adjusted if 
necessary to centralize the patella. 

 Then the surgeon should re-suture the syno-
vial lining back to the cartilage border using mat-
tress reabsorbable 3-0 sutures, to cover the raw 
bone surface of the distal femur preventing post-
operative bleeding (Figs.  22.5f  and  22.6c ). Fibrin 
glue should usually be used to assist the fi xation 
to the synovial lining to the roughened bone 
(Fig.  22.6 ) (as described below). 

 The surgeon should always evaluate the trochlear 
dysplasia in cases with patellofemoral instability. He 
should consider trochlear dysplasia an important 
part of the instability and correct it if symptomatic. 
However, isolated dysplasia of the trochlea is rare, 
and other background factors are usually identifi ed 
after a meticulous diagnostic approach. These fac-
tors should be assessed and are equally important to 
be corrected along with the trochleaplasty. 

 It is important that the proximal location of 
the concavity created is aiming and directed to 
the top of the intercondylar notch. Then, when 
deciding the degree of medialization if needed,it 
should be adjusted so that the extensor mecha-
nism with the patella is entering the trochlea-
plasty without angulation, not to compress 
laterally or dislocate medially but to run centrally. 
Sometimes in the patella alta, a distalization is 
needed and performed by an oblique medial to 
lateral distal osteotomy where 10–30–50° angle 
give a 1–3–5 mm distalization when sliding the 
tibial tuberosity medially. 

 Care should be taken so that a step from the 
bone to the cartilage border is avoided; the carti-
lage borders should be cut oblique with the use of 
a knife. 

 For the reattachment of the synovial lining to 
the cartilage border, care should be taken so that 
a step from the bone to the cartilage border is 
avoided; the cartilage border should be cut 
oblique with the use of a knife. Then, the surgeon 
should start through the synovial lining, continue 
deep into the cartilage penetrating 10 mm to the 
surface, start the return 3 mm aside, then go 
through the cartilage back to the border, and 
catch the synovial lining 2–3 mm apart from the 

a b c

  Fig. 22.6    Surgical pictures of different stages of proxi-
mal open trochleaplasty. ( a ) Dysplasia of the trochlea 
with a convex groove, ( b ) after creating the desired 

 concavity with the curved osteotome, ( c ) after advancing 
distally and suturing the synovial lining to the proximal 
cartilage border       
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initial entrance. Then, he or she should tighten 
   the suture so that the synovial lining adapts to the 
cartilage border. As many sutures as needed 
should be placed in order to adapt the synovial 
lining to the whole border with about 6–8 mm 
intervals. 

 Sometimes, it is hard to advance the synovium 
to cover the whole bony defect. In this case, a 
transverse incision to the synovium proximally is 
needed to release it and to allow more distal 
advancement and reattachment to the cartilage. 

 Then, injecting the fi brin glue, between the 
rough bone and the synovium, it should be com-
pressed to the bone with a dry sponge for 2 min 
to adhere the synovium to the bone surface and 
avoid bleeding. 

 The proximal trochleaplasty can also be per-
formed arthroscopically. Correction of the con-
cavity and deepening of the trochlear groove can 
be performed with a curved osteotome and an 
arthroscopic burr. Initially an elevator (rasparto-
rium   ) can be used for the release of the synovial 
lining, while it can be advanced and fi xed distally 
to the cartilage border with the use of fi brin glue 
(Tisseel). Arthroscopic proximal trochleaplasty 
may be advised to experienced arthroscopists, 
when minor concomitant arthroscopic surgery is 
required (e.g., medial soft tissue plication and the 
restoration of the patellofemoral alignment) and 
when no open cartilage surgery is required. In 
these cases, arthroscopically performed groove-
plasty including minor procedures will minimize 
the morbidity and allow for a more accelerated 
postoperative rehabilitation.   

22.4     Additional Surgeries 

 The trochlear dysplasia is usually one part of the 
problems that need to be assessed and corrected 
for the treatment of patellar instability and carti-
lage lesions of the patellofemoral joint. There are 
usually coexisting factors leading to patellar 
instability, some of them being the result of the 
recurrent subluxations or dislocations of the 
patella. The subsequent elongation of the medial 
passive stabilizing elements (medial retinaculum, 
medial patellofemoral ligament) along with 

shrinkage of the lateral retinaculum is usually the 
result of recurrent patellar subluxations. However, 
this ligamentous insuffi ciency may also be a part 
in these patellar subluxations or dislocations 
along with the active muscular stabilizer (the 
VMO) which may be stretched out, weakened, 
and insuffi cient. 

 Besides that, there is usually a dysfunction of 
the whole musculoskeletal arrangement of the 
knee joint; that dictates the need for anteromedial- 
distal transfer of the tibial tuberosity for the cor-
rection of the forces and unloading of the 
patellofemoral joint. The restoration of the troch-
lear dysplasia by the grooveplasty should be 
accompanied by the correction of all the concom-
itant background factors. Only with the above- 
mentioned factors corrected, the treatment of the 
potential cartilage lesions, which should prefera-
bly be with autologous chondrocyte implanta-
tion, will lead to satisfactory clinical outcomes. 

 So, the whole surgery is described in the fol-
lowing text, keeping the order that all the stages 
should be performed. In the absence of trochlear 
dysplasia, depending on the underlying back-
ground factors, some of those stages can be enough 
to restore the patellar alignment. Whenever troch-
lear dysplasia is present, it should be corrected. 

 The operation is performed with the patient 
supine using a tourniquet. A midline skin incision 
starting 1–2 cm proximal to the base of the patella 
down and distal to the tibial tuberosity should be 
performed; then, a medial parapatellar arthrotomy 
   starting 1 cm proximal to the patella, between the 
rectus femoris and the vastus medialis obliquus, 
running 5–7 mm medial to the patellar insertion 
of the VMO and patellofemoral ligament should 
be performed. The surgeon should continue down 
to the tibial condyle and incise the joint capsule 
and inspect the joint, especially the patella and 
trochlear groove. He or she should evaluate the 
articular cartilage lesions along with the patello-
femoral joint incongruity or any other malfunc-
tions and address the surgical plan for his/her    
treatment. A meticulous assessment of the Q 
angle should be performed. The patellar tracking 
in the groove should be checked along with the 
inspection of the groove, and the identifi cation of 
a dysplastic trochlea is apparent.
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•     Lateral Release  
 The lateral release (release of the lateral trans-
verse retinaculum and distal VL insertion) and 
the medial arthrotomy incising the medial 
retinaculum and VMO should be performed 
fi rst (Fig.  22.7b , c). However, the suturing 
(plication) of the medial soft tissues en bloc 
(the MPFL, the VMO, and the retinaculum) 
should be preserved as the last stage of the 
surgery (Fig.  22.7e ).

•       Tibial Tuberosity Transfer :  Unloading Procedures  
 In case of an increased Q angle, a tibial tuber-
osity transfer may be indicated in order to cor-
rect it. A straight medial transfer should be 
undertaken in order to correct the Q angle and 
an anteromedial transfer to correct the Q angle 
along with unloading the patellofemoral joint. 
An additional distal transfer should be per-
formed in the case of patella alta. 

 Simultaneous anteriorization is achieved 
by using an oblique osteotomy starting from 
posterior laterally aiming to anterior medially. 
Increased angle of the osteotomy increases the 
anteriorization. 

 For both medial and anteromedial trans-
fers, a distalization can be added by an oblique 
distal osteotomy angulating by 10° for every 
mm of distal transfer needed. 

 Isolated tibial tuberosity anteriorization 
(ventralization) is used to unload the patello-

femoral joint in kissing patella-trochlea lesions 
or large uncontained patellar and trochlear 
lesions. A straight proximal osteotomy of the 
tibial tuberosity, keeping the attachment to the 
bone distally, is elevated about 10 mm, and a 
10 mm wedge of bone is taken from the lateral 
tibial plateau and pressed into the osteotomy 
and fi xed with a screw. 

 The surgeon should fi rst open the infrapatel-
lar bursa, medial and lateral, and dissect free 
the tibial condyle if you need an anterioriza-
tion. He should use a saw or an osteotome and 
go from posterior-lateral to anterior-medial 
through the tibial tuberosity and then perform 
an oblique osteotomy 3–5 cm distal to the 
patellar tendon insertion after predrilling for 
later screw fi xation. He should check the degree 
of medialization for correcting the Q angle and 
maltracking; usually 10–14 mm of medial 
transfer is needed. When a distal transfer of 
3–5 mm is needed to correct a patella alta, an 
oblique distal osteotomy is used (Fig.  22.7 ). 

 The fi xation of the transferred tubercle in 
its new place should be performed at the end 
of surgery, after the trochleaplasty or ACI (if 
performed), just before the medial plication 
(Fig.  22.7d , e).  

•    Trochlear Grooveplasty  
 The trochlear grooveplasty is performed (as 
described before) as the next step after the 

a b c d e

  Fig. 22.7    The row of surgeries for the reconstruction of 
the extensor mechanism (realignment procedure). ( a ) 
Important structures to address. ( b ) Release of the lateral 
transverse retinaculum and distal VL insertion. ( c ) 
Anteromedial incision starting 1 cm proximal to the base 
of the patella between the VMO and rectus femoris down 
through the VMO and MPFL and capsule 5–7 mm medial 

to the insertion in the patella down to the tibial tuberosity. 
( d ) Osteotomy and medial-distal transfer of the tibial 
tuberosity and screw fi xation. Trochleaplasty or ACI 
should be performed at that stage, before the screw fi xa-
tion. ( e ) Plication of the VMO and MPFL en bloc. For 
details of the plication technique, see Fig.  22.8        
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tibial tuberosity osteotomy, if dysplasia is 
present.  

•    Autologous Chondrocyte Implantation  ( ACI ) 
 After the tibial tuberosity osteotomy and the 
grooveplasty, the ACI for the treatment of carti-
lage lesions follows. In that case of course, a 
cartilage biopsy and chondrocyte culturing 
should have been preceded in a previous 
arthroscopy. When a trochlear grooveplasty is 
scheduled, the cartilage biopsy may be retrieved 
from the proximal central part of the dysplastic 
trochlea; this area will anyway be removed dur-
ing the grooveplasty.  

•    Medial Plication  
 The shortening of the medial patellofemo-
ral ligament (medial retinaculum) and the 
VMO should be performed at the last stage 
of the surgery. The medial patellofemoral 
ligament and VMO should be shortened 
en bloc (Figs.  22.7a  and  22.8 ). The bone 
between the soft tissue insertion to the 
medial side of the patella and the articular 
cartilage should be roughened with the use 
of a curette. Sutures should then be passed 
through the soft tissue flap close to the 
patellar bone from outside to inside. They 
should then pass through the medial end of 
the soft tissue block, including the medial 
patellofemoral ligament and the VMO ten-
don, from anterior to posterior. Finally, 
sutures should return from inside to outside 
through the soft tissue close to the patella. 
After the passage of 3–4 of these sutures, 
they should be tightened, and the surgeon 
should check the stability of the patella. 
Then, he should overlap the lateral flap by 
interrupted sutures, continue with the sutur-
ing of the medial arthrotomy, and finally 
close the skin and bandage the knee.
      The row of the above-described interven-

tions is of high importance. The lateral release 
should be performed fi rst and then the inci-
sion to the medial soft tissue (retinaculum-
MPFL and VMO) (not the suturing) and then 
the trochleaplasty and the ACI (if they are also 
performed), preserving for the end the plica-
tion of the medial retinaculum- MPFL and 
VMO (Fig.  22.7 ).  

22.5     Rehabilitation 

 No bone to bone healing is required after the 
open proximal grooveplasty, in contrary to 
other trochleaplasty procedures. This offers an 
increased ability for an accelerated postoperative 
rehabilitation, as the integrity of the operation is 
not jeopardized. Therefore, the rehabilitation is 
mainly dependent on other concomitant surger-
ies performed along with the trochleaplasty, such 

a

b

c

d

  Fig. 22.8    Medial soft tissue plication including VMO 
( red color ), MPFL ( gray color ), and synovial capsule 
( violet color ). ( a ) Medial structures (VMO, MPFL, 
synovial capsule). ( b ) Transaction of soft tissue en bloc 
and roughening the area between the soft tissue insertion 
and the articular cartilage border for better ingrowth. 
( c ) Technique of reinsertion and fi xation of the soft tis-
sue plication to the roughened surface of the patella 
using mattress sutures. ( d ) Tightening and knotting of 
the sutures       
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as the transfer of tibial tuberosity or the ACI 
(if performed for cartilage lesions). As a result, 
the rehabilitation is the same as if the groove-
plasty was not performed.  

22.6     Complications 

 Not careful planning or not performing the pro-
cedure according to the surgical instructions and 
rehabilitation protocol may lead to complications 
like medial subluxation or remaining lateral 
instability. The medial subluxation may occur if 
the Q angle is overcorrected by excessive medial-
ization of the tibial tuberosity or overtensioning 
of the medial plication. 

 Persisting bleeding from the bone may lead to 
arthrofi brosis. This could be prevented by ade-
quate coverage and fi xation of the synovium with 
sutures and fi brin glue. Arthrofi brosis may also 
be the result of concomitant procedures and sub-
sequent bleeding especially in the tibial tuberos-
ity area. Sometimes fi brin glue can be added to 
the bony surfaces or a drainage could be left for 
24 h. Early mobilization is a key to avoid arthro-
fi brosis, and the progress of range of motion 
should be followed closely in the early postoper-
ative period.  

22.7     Summary 

 The open proximal trochlear grooveplasty is an 
effective treatment option for trochlear dysplasia. 
It aims to the reconstruction of the affected area 
to a close to normal trochlear concavity, stabiliz-
ing the patella in the critical fi rst 30° of knee fl ex-
ion. In the same time, the technique achieves not 
to extensively interfere with the patella-trochlea 
congruity, thus avoiding complications con-
nected to an excessive and eccentric loading. 

 As for all trochleaplasties, the open groove-
plasty should almost never be performed alone. 

The other background factors contributing to the 
patellofemoral malalignment should also be 
addressed. If concomitant background factors 
need to be addressed and could be managed 
arthroscopically (like MPFL reconstruction), an 
arthroscopic proximal trochleaplasty is a good 
alternative.     
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23.1            Introduction 

 Trochlear dysplasia is a developmental condi-
tion where the femoral trochlea loses its normal 
concave shape to an abnormal fl at or even con-
vex geometry [ 1 ,  2 ]. It has been identifi ed as the 
most consistent anatomic factor present in 
patients with recurrent patellar dislocation [ 3 ,  4 ]. 
For its treatment, various surgical procedures 
have been published and proposed to reshape the 
abnormal trochlea [ 5 ]. Trochleoplasty proce-
dures involve a certain amount of technical dif-
fi culty [ 6 ], and they were initially reserved as 
salvage options [ 2 ]. Deepening trochleoplasty 
procedures are a relatively rare option in the sur-
gical treatment of recurrent patellar dislocation 
[ 5 ]. But recent literature contains studies with 
encouraging results on the treatment of patients 
with patellar dislocation due to high-grade 
 trochlear dysplasia [ 7 – 18 ]. 

 Four basic trochleoplasty procedures have 
been proposed; Albee’s pioneer procedure 
involved the elevation of the lateral facet in order 
to restore normal anatomy [ 19 ]. The second pro-
cedure is the ‘sulcus-deepening trochleoplasty’, 
which was fi rst proposed by Masse [ 20 ] and later 
modifi ed by Henri [ 21 ] and David Dejour [ 22 ]. 
The third procedure was introduced by Bereiter 
and Gautier in 1994 [ 23 ], was later followed by 
von Knoch [ 13 ] and is known as the ‘Bereiter 
procedure’. An osteochondral fl ake with only 2 
mm of subchondral bone is elevated from the 
trochlea without osteotomy of the condyle, and 
the distal femoral subchondral bone is deepened 
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with osteotomes and a high-speed burr. The same 
procedure has been performed arthroscopically 
by Blønd and Schöttle [ 15 ]. The fourth procedure 
is the ‘recession wedge trochleoplasty’ which 
was introduced by Goutallier [ 24 ] in 2002, and its 
results were later published by Beaufi ls [ 6 ]. In 
this technique, the trochlea’s shape is not changed, 
but the removal of a proximally based wedge 
results in a more posteriorly placed trochlea. 

 On one hand, trochlear dysplasia has been 
identifi ed as the most recognized factor in patients 
with patellofemoral dislocation [ 3 ]. On the other 
hand, there are only a small number of surgeons 
who perform trochleoplasty for the treatment of 
patellar dislocation [ 6 ], in comparison to tibial 
tuberosity osteotomy for realignment procedures 
or patella alta, or more recently MPFL reconstruc-
tion. Subsequently, there is a group of patients with 
patellofemoral instability, in whom the key aetio-
logical factor of instability, i.e., trochlear dysplasia, 
is underestimated or not addressed. Furthermore, 
the evaluation of the results from the application 
of trochleoplasty presents with certain diffi culties, 
because there is no agreement on the appropriate 
clinical (patellofemoral pain [ 12 ,  24 ], patellar dis-
location [ 7 ,  8 ,  13 ] or both) and radiographic (type 
of dysplasia, height of prominence, sulcus depth [ 8 , 
 9 ,  13 ]) indications for trochleoplasty. For sulcus- 
deepening trochleoplasty [ 22 ], authors agree that 
is indicated to severe cases of Dejour types B and 
D of dysplasia (high-grade dysplasia), where the 
presence of trochlear prominence is amenable to 
correction with this technique [ 8 ,  9 ,  22 ]. 

 There is controversy on the indications of troch-
leoplasty in the primary treatment of recurrent 
patellar dislocation, but some authors state that it 
remains a primary surgical option for a subgroup of 
patients with high-grade trochlear dysplasia and a 
revision option for specifi c patients with unsuccess-
ful previous surgeries on patellofemoral instability 
where the trochlear dysplasia was the main factor 
for the dislocation and was underestimated [ 2 ,  16 ]. 

23.1.1     Surgical Indications 

  Inclusion criteria for sulcus-deepening trochleo-
plasty are: 
•     Patients with more than three documented epi-

sodes of patellar dislocation with a high-

grade trochlear dysplasia type B or D 
according to Dejour classifi cation  [ 1 ] ,     
 Patients with open growth plates, patellofem-

oral arthritis or patellofemoral pain syndrome 
with no true episodes of patellar dislocation are 
not suitable candidates for trochleoplasty. Sulcus- 
deepening trochleoplasty is always combined 
with additional bone and/or soft-tissue surgery as 
described below.  

23.1.2     Preoperative Evaluation 

 Preoperative patient evaluation includes clinical 
examination (apprehension test, lateral patellar 
glide test and patellar tracking) and subjective 
evaluation (patellofemoral pain and/or feeling of 
instability). Radiographic examination includes 
the study of the type of trochlear dysplasia in true 
lateral x-rays, measurement of sulcus angle in 
patellar axial views in 30° of knee fl exion and 
measurement of patellar height according to 
Caton–Deschamps index [ 25 ] in lateral views in 
20° of knee fl exion. Tibial tuberosity–trochlear 
groove (TT-TG) distance and lateral patellar tilt 
(without quadriceps contraction) are measured in 
axial computed tomography (CT) slices. 

 Patients with recurrent patellar dislocation 
and trochlear dysplasia are treated according to 
the presence of concomitant predisposing ana-
tomic abnormalities, and trochleoplasty is com-
bined with other procedures when needed [ 1 ,  3 , 
 5 ,  26 – 28 ]:
•     If the TT-TG distance is excessively increased 

(e.g. over 25 mm), a tibial tuberosity medial-
ization osteotomy is performed in order to 
obtain postoperatively a TT-TG between 10 
and 15 mm  [ 1 ,  3 ] . In cases where the TT-TG 
distance is between 20 and 25 mm, a ‘proxi-
mal realignment procedure’ was performed by 
lateralizing the new trochlear groove during 
trochleoplasty in a more lateral procedure, 
thus reducing the slightly increased TT-TG.   

•    If patella alta is recorded (Caton–Deschamps 
index >1.3), a distalization osteotomy is done 
to obtain a normal patellar index of 1.0  [ 1 ,  3 ] . 
In cases where a slightly elevated Caton–
Deschamps index is recorded (e.g. 1.2–1.3), 
trochleoplasty alone was performed, even 
though this resulted in a slight patella alta.   
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•    If the lateral patellar tilt is over 20°, the cor-
rection is achieved with a reconstruction of 
the medial patellofemoral ligament (MPFL) 
using a double-looped gracilis graft  [ 1 , 
 3 ,  29 ,  30 ]  and lateral retinaculum release/
lengthening.      

23.1.3     Surgical Technique 

 Trochleoplasty is performed according to 
Dejour’s ‘sulcus-deepening trochleoplasty’ in all 
patients [ 22 ]. The principle is to remove sub-
chondral cancellous bone under the trochlea with 
a high-speed burr. The amount of bone removal is 
determined to have a new trochlear groove 
fl ushed with the anterior femoral cortex and to 
make the prominence disappear (Fig.  23.1 ). The 
goal is to decrease the trochlear bump and deepen 
the sulcus angle.

   Trochleoplasty can be performed under gen-
eral or regional anaesthesia. Patient is positioned 
supine, and the lower limb is prepared and draped 
in a standard fashion. A tourniquet is applied and 
the knee is fl exed at 90°. A straight midline skin 
incision is carried out from the superior patellar 
margin to the tibiofemoral articulation. The 
arthrotomy is performed through an adapted mid-
vastus approach: the medial retinaculum is 
sharply dissected 2 cm of the medial border of 

the patella, and the vastus medialis oblique 
(VMO) is bluntly dissected within its fi bres start-
ing proximally 3–4 cm into the muscle belly and 
ending at the superomedial pole of the patella. 
The patella is then briefl y everted only to inspect 
and document chondral injuries, and then it is 
retracted laterally. 

 The trochlea is now exposed, and the 
peritrochlear synovium and periosteum are 
incised along their osteochondral junction and 
refl ected from the fi eld using a periosteal eleva-
tor. It is very important to visualize the level of 
the anterior femoral cortex in order to evaluate 
the exact height of the prominence and deter-
mine the amount of required deepening, by 
removing with an osteotome the prominent 
bone superiorly to the trochlear and up to the 
anterior femoral cortex (e.g. supratrochlear 
spur) (Fig.  23.2 ).

   Once the trochlea is fully exposed, the native 
trochlear groove and medial and lateral facets are 
marked with three lines starting point from the 
intercondylar notch. The new trochlear groove is 
marked in a more lateral position according to the 
preoperative TT-TG value (e.g. ‘proximal 
realignment’ in order to get a postoperative value 
of 10–15 mm) (Fig.  23.3 ).

   With the use of a burr with a 5 mm offset, 
undermining the cancellous bone posteriorly of 
the trochlear cartilage is performed (Fig.  23.4 ).

  Fig. 23.1    The principle of sulcus-deepening trochleo-
plasty is to remove subchondral cancellous bone under the 
trochlea with a high-speed burr. The amount of bone 
removal is determined to have a new trochlear groove 

fl ushed with the anterior femoral cortex and to make the 
prominence disappear. The goal is to decrease the troch-
lear bump and deepen the sulcus angle       
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   The burr must reach down to the intercondylar 
notch, but with care not to damage the cartilage 
(Fig.  23.5 ).

   When suffi cient cancellous bone has been 
removed, the trochlea must be elastic when 
applying light pressure with the fi ngers. When 
the trochlea is pressed down to the level where it 
is fl ushed with the anterior femoral cortex (e.g .  
removal of the prominence) and moves back-
wards like a ‘trampoline’, when we remove the 
pressure, suffi cient bone has been removed 
(Fig.  23.6 ).

  Fig. 23.2    The trochlea is now exposed and the peritroch-
lear synovium and periosteum are incised along their 
osteochondral junction and refl ected from the fi eld using a 
periosteal elevator. It is very important to visualize the 
level of the anterior femoral cortex in order to evaluate the 
exact height of the prominence and determine the amount 
of required deepening, by removing with an osteotome the 
prominent bone superiorly to the trochlear and up to the 
anterior femoral cortex (e.g. supratrochlear spur)       

  Fig. 23.3    The native trochlear groove, medial and lateral 
facets are marked with three lines starting from the inter-
condylar notch. The new trochlear groove is marked in a 
more lateral position according to the pre-operative 
TT-TG value (e.g. “proximal re-alignment” in order to get 
a post-operative value of 10–15 mm)       

  Fig. 23.4    With the use of a burr with a 5 mm offset, 
undermining the cancellous bone posteriorly of the troch-
lear cartilage is performed       

  Fig. 23.5    The burr must reach down to the intercondylar 
notch, but with care not to damage the cartilage       

  Fig. 23.6    When the trochlea is pressed down to the level 
where it is fl ush with the anterior femoral cortex (e.g. 
removal of the prominence) and moves backwards like a 
“trampoline”, after we remove the pressure, suffi cient 
bone has been removed       
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   The trochlea is then osteotomized with a 
 scalpel carefully over the position of the desired 
new groove (Fig.  23.7 ).

   At this point, if the trochlear facets are too 
rigid and it is diffi cult to suppress them, a further 
osteotomy over the medial and/or the lateral facet 
may be required. The trochlear facets are fi xed 
with two absorbable anchor sutures from the 
intercondylar notch while applying pressure pos-
teriorly and evaluating that the prominence is 
removed and they are fl ushed with the anterior 
femoral cortex (Fig.  23.8 ).

   Lateral retinaculum release is performed after 
the trochleoplasty, and it is mostly dependent on 
the ability of the examiner’s to evert the patella 
inwards (e.g .  no lateral release is required) or not 
(e.g .  lateral structures are tightened and lateral 
release is required). The joint capsule is then 
closed. MPFL reconstruction is performed last, 
with the surgeon’s preferred technique. No drain 
is used and the knee is put in an extension brace 
with no restriction in weight bearing. Prophylactic 
anticoagulants are advised for 2–3 weeks.  

23.1.4     Rehabilitation Protocol 

 A common postoperative rehabilitation protocol 
includes full weight bearing with the use of 
crutches in an extension knee brace for 15 days 

and continuous passive motion between 0° and 
100°. In the fi rst 6 weeks, the patients are encour-
aged to perform exercises for early range of 
motion and isometric quadriceps and hamstring 
strengthening. From the 6th to 12th postoperative 
week, the protocol also includes closed-chain and 
weight-bearing proprioception exercises. After 
the 12th postoperative week, patients start run-
ning and gradually training in their sport of pref-
erence and are allowed to full sports activities 
after 6 months. During this period (3–6 months 
postoperatively), running can be initiated on a 
straight line. Closed kinetic chain muscular rein-
forcement between 0 and 60 ο  with minor loads 
but long series is also allowed. Stretching of the 
anterior and posterior muscular chains is contin-
ued as during previous phases. The patient is 
encouraged to proceed with the rehabilitation on 
his or her own. After 6 months, sports on a recre-
ational or competitive level can be resumed.   

  Fig. 23.7    After suffi cient cancellous bone has been 
removed, the trochlea must be elastic when applying light 
pressure with the fi ngers. The trochlea is then osteoto-
mized with a scalpel carefully over the position of the 
desired new groove       

  Fig. 23.8    The trochlear facets are fi xed with two absorb-
able anchor sutures from the intercondylar notch while 
applying pressure posteriorly and evaluating that the 
prominence is removed and they are fl ush with the ante-
rior femoral cortex       
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23.2     Discussion 

  The rationale of sulcus-deepening trochleoplasty 
has three key elements: First, in cases of a fl at or 
convex trochlea, it tries to bring back to a more 
anatomic and concave geometry by deepening 
the proximal sulcus, so that it engages the patella 
in early degrees of knee fl exion  [ 22 ] . Second, in 
cases of a convex trochlea, trochleoplasty 
removes the sulcus prominence that the patella 
needs to override during fl exion and that leads to 
patella dislocation over the lateral facet. Last, 
trochleoplasty creates a new trochlear groove 
in a more lateral position than the dysplastic 
one, thus decreasing the excessive TT-TG 
 distance and serving as a ‘proximal realignment 
procedure’  [ 22 ] .  

 The biomechanical effects of the sulcus- 
deepening trochleoplasty have been studied by 
Amis et al. who reported that the mediolateral 
fl attening of the anterior surface of the trochlear 
facets results predominantly from an excess of 
bone centrally in the groove. This can also form a 
supratrochlear prominence anterior to the femoral 
shaft; during knee fl exion, the patella has to over-
ride this prominence. The authors showed that 
‘simulated’ trochlear dysplasia led to signifi cant 
reduction in lateral stability, and by re- creating a 
deep trochlear groove with a trochleoplasty pro-
cedure, lateral stability increased signifi cantly 
similarly to the intact knee [ 31 ]. 

 The goal of sulcus-deepening trochleoplasty 
is to reshape the abnormal trochlear shape, but 
the instability of the patella is also caused by the 
presence of coexistent anatomic factors that must 
be addressed (e.g .  tuberosity osteotomy for 
patella alta or increased TT-TG distance), and its 
treatment almost always requires a combined 
soft-tissue procedure like MPFL reconstruction 
[ 1 ,  22 ,  32 ]. This is because patellar stability dur-
ing early fl exion is accomplished by MPFL 
which is tight in full knee extension and acts as a 
dynamic stabilizer during early fl exion (15–20°), 
brings the patella into the trochlear grove which 
is necessary for the normal further tracking of the 
patella and in greater degrees of fl exion (>30°) 
is loose and the normal concave trochlear 
 geometry acts as a static stabilizer [ 3 ,  5 ,  33 ,  34 ]. 
 MPFL rupture is the consequence of pathologic 

lateral patellar translation, while the actual 
causes are the underlying bony abnormalities 
like trochlear dysplasia and patella alta  [ 3 ,  32 ], 
 and most importantly, a normal trochlea with a 
deep groove and an elevated lateral facet is nec-
essary for MPFL to provide stability  [ 32 ,  35 ] . 
This is the reason why, although MPFL has a 
fundamental role in patellar stability, isolated 
MPFL reconstruction should not be considered a 
panacea for patellar dislocation, without exclud-
ing the presence of other factors contributing to 
instability  [ 32 ]  that need associated correction  
[ 1 ,  5 – 9 ,  13 ,  14 ,  22 ,  24 ] .  

  This is helpful in eliminating the need for an 
additional procedure (medial transfer of the 
tuberosity) because the groove position could be 
lateralized while doing the trochleoplasty, simi-
lar to a ‘proximal realignment procedure’.  The 
effect of trochleoplasty alone in reducing the 
TT-TG distance without additional tibial tuberos-
ity surgery was on average 5 mm. 

 In the case of a convex trochlea, there is a cen-
trally located sulcus prominence that the patella 
needs to override during fl exion and that leads to 
patella dislocation off the lateral facet [ 31 ,  36 ]. 
This prominence is present in type B and D troch-
lear dysplasia, where the central groove is ele-
vated.  In this scenario of underlying high-grade 
trochlear dysplasia, if patellar dislocation is 
approached with no regard to dysplasia and the 
elevated groove and is addressed by medial soft- 
tissue augmentation alone, the patella will obtain 
fi rm medially stabilizing structures and a medial 
tilt, but the elevated and abnormal trochlear 
groove will still be present     (Fig.  23.9 ) . This could 
lead to undesirable impingement between the 
patella and the dysplastic trochlea prominence 
and subsequent increased contact pressures and 
graft loosening, effects similar to overmedializ-
ing the patella after MPFL reconstruction  [ 26 , 
 37 ]  or to the pattern of MPFL rupture recorded 
in patients with trochlear dysplasia  [ 38 ] . 

    In a different scenario, the isolated correction 
of patella alta and the underestimation of a con-
comitant high-grade trochlear dysplasia would 
have similar ineffi cient results to treat patellar 
dislocation; a distalization osteotomy of the 
tuberosity would normalize patellar height but 
would only lower the patella in front of an 
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abnormally shaped trochlear groove, if trochlear 
dysplasia were not corrected. The absence of a 
deep trochlear groove would not provide to the 
patella the required lateral stability from further 
lateral dislocation.  

 In the clinical setting, other authors report 
success rates from 90 to 100 % after trochleo-
plasty procedures [ 7 ,  9 ,  12 – 14 ,  24 ]. After troch-
leoplasty, recurrence of dislocation is highly 
uncommon, and patient satisfaction is high [ 5 ]. 
The results of trochleoplasty as a revision option 
in selected patients who had previous failed sur-
gery for patellofemoral instability have been 
recently recorded [ 16 ]. 

  In conclusion, trochleoplasty is an important 
surgical option both as primary and as a revision 
option in the case of previously operated patients 
with persistent patellar dislocation and undiag-
nosed or underestimated trochlear dysplasia. The 
combination of the procedure with soft-tissue 
surgery, such as MPFL reconstruction, is neces-
sary to achieve patellar stability.  There is a need 
for agreement on the choice of the right candidate 
for trochleoplasty, the surgical technique, the 
rehabilitation protocol and the postoperative 
parameters that must be corrected. Sulcus- 
deepening trochleoplasty requires careful atten-
tion to detail.  It is a technically demanding 
procedure that addresses a rare condition with 
satisfactory results and acceptable level of com-
plications and is more suitable for severe cases of 
types B and D of dysplasia, where the presence of 
trochlear prominence is amenable to correction 
with this technique.      

   References 

           1.    Dejour D, Le Coultre B. Osteotomies in patello- femoral 
instabilities. Sports Med Arthrosc. 2007;15(1):
39–46. doi:  10.1097/JSA.0b013e31803035ae    , 00132585-
200703000- 00006 [pii].  

      2.    Bollier M, Fulkerson JP. The role of trochlear dyspla-
sia in patellofemoral instability. J Am Acad Orthop 
Surg. 2011;19(1):8–16. 19/1/8 [pii].  

           3.    Dejour H, Walch G, Nove-Josserand L, Guier C. 
Factors of patellar instability: an anatomic radio-
graphic study. Knee Surg Sports Traumatol Arthrosc. 
1994;2(1):19–26.  

    4.    Balcarek P, Jung K, Ammon J, Walde TA, Frosch S, 
Schuttrumpf JP, Sturmer KM, Frosch KH. Anatomy of 
lateral patellar instability: trochlear dysplasia and tibial 
tubercle-trochlear groove distance is more pronounced 
in women who dislocate the patella. Am J Sports Med. 
2010;38(11):2320–7. doi:  10.1177/0363546510373887    , 
0363546510373887 [pii].  

         5.    Mulford JS, Wakeley CJ, Eldridge JD. Assessment and 
management of chronic patellofemoral instability. 
J Bone Joint Surg Br. 2007;89(6):709–16. 
doi:  10.1302/0301-620X.89B6.19064    . 89-B/6/709 [pii].  

      6.    Beaufi ls P, Thaunat M, Pujol N, Scheffl er S, Rossi R, 
Carmont M. Trochleoplasty in major trochlear dys-
plasia: current concepts. Sports Med Arthrosc Rehabil 
Ther Technol. 2012;4:7. doi:  10.1186/1758-2555-4-7    , 
1758-2555-4-7 [pii].  

      7.    Utting MR, Mulford JS, Eldridge JD. A prospective 
evaluation of trochleoplasty for the treatment of patel-
lofemoral dislocation and instability. J Bone Joint 
Surg Br. 2008;90(2):180–5. doi:  10.1302/0301- 
620X.90B2.20017    , 90-B/2/180 [pii].  

      8.    Fucentese SF, Zingg PO, Schmitt J, Pfi rrmann CW, 
Meyer DC, Koch PP. Classifi cation of trochlear dys-
plasia as predictor of clinical outcome after trochleo-
plasty. Knee Surg Sports Traumatol Arthrosc. 2011; 
19(10):1655–61. doi:  10.1007/s00167-011-1410-7    .  

       9.    Donell ST, Joseph G, Hing CB, Marshall TJ. Modifi ed 
Dejour trochleoplasty for severe dysplasia: operative 

a b c

  Fig. 23.9    If patellar dislocation is approached with no 
regard to dysplasia and the elevated groove ( a ), and is 
addressed by medial soft-tissues augmentation alone ( b ), 

the patella will be positioned medially in front of an 
untreated elevated groove that would lead to impingement 
between the patella and the trochlea ( c )       

 

23 Sulcus-Deepening Trochleoplasty for the Treatment of Recurrent Patellar Dislocation 

http://dx.doi.org/10.1097/JSA.0b013e31803035ae
http://dx.doi.org/10.1177/0363546510373887
http://dx.doi.org/10.1302/0301-620X.89B6.19064
http://dx.doi.org/10.1186/1758-2555-4-7
http://dx.doi.org/10.1302/0301-620X.90B2.20017
http://dx.doi.org/10.1302/0301-620X.90B2.20017
http://dx.doi.org/10.1007/s00167-011-1410-7


178

technique and early clinical results. Knee. 
2006;13(4):266–73. doi:  10.1016/j.knee.2006.01.004    , 
S0968-0160(06)00006-8 [pii].  

   10.    Fucentese SF, Schöttle PB, Pfi rrmann CW, 
Romero J. CT changes after trochleoplasty for symp-
tomatic trochlear dysplasia. Knee Surg Sports 
Traumatol Arthrosc. 2007;15(2):168–74. doi:  10.1007/
s00167-006-0140-8    .  

   11.    Schöttle PB, Schell H, Duda G, Weiler A. Cartilage 
viability after trochleoplasty. Knee Surg Sports 
Traumatol Arthrosc. 2007;15(2):161–7. doi:  10.1007/
s00167-006-0148-0    .  

     12.    Verdonk R, Jansegers E, Stuyts B. Trochleoplasty in 
dysplastic knee trochlea. Knee Surg Sports Traumatol 
Arthrosc. 2005;13(7):529–33. doi:  10.1007/
s00167-004-0570-0    .  

       13.    von Knoch F, Bohm T, Burgi ML, von Knoch M, 
Bereiter H. Trochleaplasty for recurrent patellar dislo-
cation in association with trochlear dysplasia. A 4- to 
14-year follow-up study. J Bone Joint Surg Br. 2006; 
88(10):1331–5. doi:  10.1302/0301- 620X.88B10.17834    , 
88-B/10/1331 [pii].  

     14.    Thaunat M, Bessiere C, Pujol N, Boisrenoult P, 
Beaufi ls P. Recession wedge trochleoplasty as an 
additional procedure in the surgical treatment of 
patellar instability with major trochlear dysplasia: 
early results. Orthop Traumatol Surg Res. 
2011;97(8):833–45. doi:  10.1016/j.otsr.2011.07.013    , 
S1877-0568(11)00235-0 [pii].  

    15.    Blønd L, Schöttle PB. The arthroscopic deepen-
ing trochleoplasty. Knee Surg Sports Traumatol 
Arthrosc. 2010;18(4):480–5. doi:  10.1007/s00167-
009-0935-5    .  

     16.    Dejour D, Byn P, Ntagiopoulos PG. The Lyon’s 
sulcus- deepening trochleoplasty in previous unsuc-
cessful patellofemoral surgery. Int Orthop. 
2013;37(3):433–9. doi:  10.1007/s00264-012-1746-8    .  

   17.    Nelitz M, Dreyhaupt J, Lippacher S. Combined troch-
leoplasty and medial patellofemoral ligament recon-
struction for recurrent patellar dislocations in severe 
trochlear dysplasia: a minimum 2-year follow-up study. 
Am J Sports Med. 2013. doi:  10.1177/0363546513478579    , 
0363546513478579 [pii].  

    18.    Blond L, Haugegaard M. Combined arthroscopic 
deepening trochleoplasty and reconstruction of the 
medial patellofemoral ligament for patients with 
recurrent patella dislocation and trochlear dysplasia. 
Knee Surg Sports Traumatol Arthrosc. 2013. 
doi:  10.1007/s00167-013-2422-2    .  

    19.    Albee FH. Bone graft wedge in the treatment of 
habitual dislocation of the patella. Med Rec. 
1915;88:257.  

    20.    Masse Y. Trochleoplasty. Restoration of the intercon-
dylar groove in subluxations and dislocations of the 
patella. Rev Chir Orthop Reparatrice Appar Mot. 
1978;64(1):3–17.  

    21.    Dejour H, Walch G, Neyret P, Adeleine P. Dysplasia 
of the femoral trochlea. Rev Chir Orthop Reparatrice 
Appar Mot. 1990;76(1):45–54.  

           22.    Dejour D, Saggin P. The sulcus deepening 
trochleoplasty- the Lyon’s procedure. Int Orthop. 
2010;34(2):311–6. doi:  10.1007/s00264-009-0933-8    .  

    23.      Bereiter H, Gautier E. Die trochleaplastik als chirur-
gische Therapie der rezidivierenden Patellaluxation 
bei Trochleadysplasie des Femurs. Arthroskopie. 
1994;7:281–86.  

       24.    Goutallier D, Raou D, Van Driessche S. Retro- 
trochlear wedge reduction trochleoplasty for the 
treatment of painful patella syndrome with protruding 
trochleae. Technical note and early results. Rev Chir 
Orthop Reparatrice Appar Mot. 2002;88(7): 678–85.  

    25.    Caton J, Deschamps G, Chambat P, Lerat JL, 
Dejour H. Patella infera. Apropos of 128 cases. Rev 
Chir Orthop Reparatrice Appar Mot. 1982;68(5): 
317–25.  

     26.    Colvin AC, West RV. Patellar instability. J Bone Joint 
Surg Am. 2008;90(12):2751–62. doi:  10.2106/
JBJS.H.00211    , 90/12/2751 [pii].  

   27.    Dejour D, Saggin P. Disorders of the patellofemoral 
joint. In: Scott NW, editor. Insall & scott surgery of 
the knee, Insall & scott surgery of the knee, vol. 1. 5th 
ed. Philadelphia: Elsevier; 2012. p. 592–623.  

    28.    Schoettle PB, Zanetti M, Seifert B, Pfi rrmann CW, 
Fucentese SF, Romero J. The tibial tuberosity- trochlear 
groove distance; a comparative study between CT and 
MRI scanning. Knee. 2006;13(1):26–31. doi:  10.1016/j.
knee.2005.06.003    , S0968- 0160(05)00076-1 [pii].  

    29.    Arendt EA. MPFL reconstruction for PF instability. 
The soft (tissue) approach. Orthop Traumatol Surg 
Res. 2009;95(8 Suppl 1):S97–100. doi:  10.1016/j.
otsr.2009.09.002    , S1877-0568(09)00135-2 [pii].  

    30.    Saggin PR, Saggin JI, Dejour D. Imaging in 
patellofemoral instability: an abnormality-based 
approach. Sports Med Arthrosc. 2012;20(3):145–51. 
doi:  10.1097/JSA.0b013e3182553cfe    , 00132585-
201209000- 00004 [pii].  

     31.    Amis AA, Oguz C, Bull AM, Senavongse W, Dejour 
D. The effect of trochleoplasty on patellar stability and 
kinematics: a biomechanical study in vitro. J Bone 
Joint Surg Br. 2008;90(7):864–9. doi:  10.1302/0301-
620X.90B7.20447    , 90-B/7/864 [pii].  

       32.    Arendt EA, Fithian DC, Cohen E. Current concepts of 
lateral patella dislocation. Clin Sports Med. 
2002;21(3):499–519.  

    33.    Arendt E. Anatomy and malalignment of the patello-
femoral joint: its relation to patellofemoral arthrosis. 
Clin Orthop Relat Res. 2005;436:71–5.  

    34.    Senavongse W, Amis AA. The effects of articular, reti-
nacular, or muscular defi ciencies on patellofemoral 
joint stability: a biomechanical study in vitro. J Bone 
Joint Surg Br. 2005;87(4):577–82. doi:  10.1302/0301-
620X.87B4.14768    , 87-B/4/577 [pii].  

    35.    Bicos J, Fulkerson JP, Amis A. Current concepts 
review: the medial patellofemoral ligament. Am J 
Sports Med. 2007;35(3):484–92.  

    36.    Biedert RM, Bachmann M. Anterior-posterior troch-
lear measurements of normal and dysplastic trochlea 
by axial magnetic resonance imaging. Knee Surg 

D. Dejour and P.G. Ntagiopoulos

http://dx.doi.org/10.1016/j.knee.2006.01.004
http://dx.doi.org/10.1007/s00167-006-0140-8
http://dx.doi.org/10.1007/s00167-006-0140-8
http://dx.doi.org/10.1007/s00167-006-0148-0
http://dx.doi.org/10.1007/s00167-006-0148-0
http://dx.doi.org/10.1007/s00167-004-0570-0
http://dx.doi.org/10.1007/s00167-004-0570-0
http://dx.doi.org/10.1302/0301-620X.88B10.17834
http://dx.doi.org/10.1016/j.otsr.2011.07.013
http://dx.doi.org/10.1007/s00167-009-0935-5
http://dx.doi.org/10.1007/s00167-009-0935-5
http://dx.doi.org/10.1007/s00264-012-1746-8
http://dx.doi.org/10.1177/0363546513478579
http://dx.doi.org/10.1007/s00167-013-2422-2
http://dx.doi.org/10.1007/s00264-009-0933-8
http://dx.doi.org/10.2106/JBJS.H.00211
http://dx.doi.org/10.2106/JBJS.H.00211
http://dx.doi.org/10.1016/j.knee.2005.06.003
http://dx.doi.org/10.1016/j.knee.2005.06.003
http://dx.doi.org/10.1016/j.otsr.2009.09.002
http://dx.doi.org/10.1016/j.otsr.2009.09.002
http://dx.doi.org/10.1097/JSA.0b013e3182553cfe
http://dx.doi.org/10.1302/0301-620X.90B7.20447
http://dx.doi.org/10.1302/0301-620X.90B7.20447
http://dx.doi.org/10.1302/0301-620X.87B4.14768
http://dx.doi.org/10.1302/0301-620X.87B4.14768


179

Sports Traumatol Arthrosc. 2009;17(10):1225–30. 
doi:  10.1007/s00167-009-0824-y    .  

    37.    Panagopoulos A, van Niekerk L, Triantafi llopoulos 
IK. MPFL reconstruction for recurrent patella dislo-
cation: a new surgical technique and review of the 
literature. Int J Sports Med. 2008;29(5):359–65. doi:
  10.1055/s-2007-965360    .  

    38.    Weber-Spickschen TS, Spang J, Kohn L, Imhoff 
AB, Schottle PB. The relationship between 
trochlear dysplasia and medial patellofemoral liga-
ment rupture location after patellar dislocation: an 
MRI evaluation. Knee. 2011;18(3):185–8. doi:
  10.1016/j.knee.2010.04.002    , S0968-0160(10)00075-X 
[pii].      

23 Sulcus-Deepening Trochleoplasty for the Treatment of Recurrent Patellar Dislocation 

http://dx.doi.org/10.1007/s00167-009-0824-y
http://dx.doi.org/10.1055/s-2007-965360
http://dx.doi.org/10.1016/j.knee.2010.04.002


181A. Gobbi et al. (eds.), The Patellofemoral Joint,
DOI 10.1007/978-3-642-54965-6_24, © ISAKOS 2014

24.1            Biomechanic Considerations 

 The most important function of the patella is to 
improve quadriceps effi ciency by increasing the 
lever arm of the extensor mechanism. It central-
izes the divergent forces from the four heads of 
the quadriceps and transmits tension around the 
femur to the patellar tendon and the tibial tuber-
osity. These forces must be as frictionless as pos-
sible and equally distributed in the patellofemoral 
joint. The skeleton dictates where the load will 
cross the patellofemoral joint, and any variation 
from optimal skeleton alignment may result in 
abnormal forces. 

 Patellofemoral dysfunctions include a large 
number of pathologies such as instability, ante-
rior knee pain, chondromalacia, and osteoarthro-
sis. Some of these problems are caused by 
variations from the normal anatomy involving 
ligaments, patellar and trochlear articular sur-
faces, subchondral bone, tendons articular geom-
etry, and fi nally lower limb alignment. These 
variations may alter the ability of the joint to 
accept load and, consequently, cause pain, insta-
bility, locking, and swelling. 

 If the knee is viewed in the coronal plane, 
the muscle loads tend to displace the patella lat-
erally when the knee is near extension, because 
of the Q (quadriceps) angle, which is essen-
tially the axis of pull of the quadriceps muscle 
group relative to the axis of the patellar tendon. 
Hvid and Andersen [ 1 ] found a signifi cant cor-
relation between the Q angle and hip rotation, 
thus suggesting that the Q angle is in fact 
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increased because of excessive femoral neck 
anteversion. 

 Concerning this observation, torsional abnor-
malities of the femur and tibia are possible fac-
tors leading to patellar pain or instability. The 
pattern would involve increased femoral neck 
anteversion, so that the trochlear groove faces 
inward, the patellae are squinting, patellar track-
ing is compromised, and the patella tends to track 
more laterally than normal. Compensatory exter-
nal tibial torsion is required to produce a foot 
aligned in the sagittal plane with consequent 
knee external rotation and lateralization of the 
tibial tuberosity, and this way, the Q angle is 
maximized. This combination of increased femo-
ral anteversion and increased external tibial tor-
sion has been termed  miserable malalignment 
syndrome  [ 2 ], a spectrum that includes squinting 
patellae, genu varum, genu recurvatum, patella 
alta, and pronated feet. 

 Brattstom [ 3 ] defi ned the “Q angle” as refl ect-
ing the direction of the quadriceps vector and 
explained how this quadriceps vector is increased 
by an inward rotation of the knee joint and would 
be altered by rotational femoral osteotomy. 

 Summarizing, there may be rotational dys-
function at various levels in the lower limb, 
resulting in increased forces to which the body 
cannot adapt and which can manifest clinically at 
the knee joint as patellar maltracking, anterior 
knee pain, and patellofemoral osteoarthritis, and 
all of them may share a common underlying mal-
rotation in one or more segments of the hip, 
femur, tibia, or knee.  

24.2     Anatomic Considerations 

 Femoral torsion is a twist of the proximal femur 
relative to the distal femur. 

 Kingstey and Olmstead [ 4 ], on the basis of 630 
dry specimens, reported that the mean femoral 
anteversion angle was 8.0° (range,−20° to 38°), 
with females having a minor increase in mean 
anteversion angle compared with males. In infants 
and children, the mean femoral anteversion was 
higher but, with growth, this angle decreases. This 
observation can explain the fact that most femoral 

torsional issues in childhood resolved or are 
accommodated with age, leaving only a few with 
functional or cosmetic problems [ 5 ]. 

 Dejour et al. [ 6 ] correlated femoral antever-
sion and tibial lateral torsion with the incidence 
of patellar instability. They found that femoral 
neck anteversion was increased in patients with 
patellofemoral instability (15.6°) as compared 
with controls (10.8°). Tibial torsion was a less 
important factor (33° in the control group and 35° 
in the knees with patellar instability). 

 Less is known about tibial version. It develops 
in childhood and it has been suggested that tibial 
version is largely a refl ection of femoral antever-
sion. There is a weak correlation of tibial torsion 
with anterior knee pain and patellofemoral osteo-
arthritis. Tibial torsion is defi ned as the anatomic 
twist of the proximal versus distal articular axis 
of the tibial bone around the longitudinal axis [ 7 ]. 
The external tibial torsion is always greater than 
the angle of femoral anteversion. Lerat et al. [ 8 ] 
described the relationship between the angles for 
external tibial torsion and femoral anteversion, 
noting that the larger the difference, the more the 
correlation with patellofemoral pathology. When 
the knee is in extension, the tibia is externally 
rotated in relation to the femur. Hyperextension 
of 15°, as in a ligamentously lax individual, is 
associated with a 13° increase in femorotibial 
rotation and increases varus. Turner and Smillie 
[ 9 ] found that an average of 19° of lateral tibial 
torsion is considered normal. They noted an aver-
age of 24.5° in knees with patellofemoral insta-
bility and 24° in those with chondromalacia.  

24.3     Physical Exam 

 Clinical measurements based on physical exami-
nation are precise and reliable [ 10 ] but do not 
quantify the true rotational profi le of the hip–
knee–ankle axis. 

 Examination should be sequentially per-
formed with the patient while standing, walking, 
sitting supine, and prone. 

 With the patient standing with the feet 
together, rotatory malalignment can be observed. 
The patient shows an infacing or “squinting” of 
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the patellae, an apparent varus with a hyperpro-
nation of the foot (Figs.  24.1  and  24.2 ). It is very 
important to observe if the torsional malalign-
ment has a characteristic asymmetric (unilateral). 
Unilateral deformity leads us to consider a surgi-
cal treatment.

    The Q angle is assessed by drawing a line 
from the anterior superior iliac spine to the center 
of the patella and represents the line of pull of the 
quadriceps muscle. A second line is drawing 
from the center of the patella to the tibial tubercle 
and indicates the line of the patellar tendon 
(Fig.  24.3 ).

   According to Aglietti, the Q angle should be 
considered normal when around 14° in men and 
17° in women [ 11 ]. In fact, we should consider an 
abnormal value when Q angle is greater than 20°. 

 In sitting position, the amount of tibial exter-
nal rotation is estimated by observing and com-
paring the external rotation of the feet (Fig.  24.4 ).

   In prone position, the amount of femoral neck 
anteversion is indirectly estimated by measuring the 
proportion of internal to external rotation of the hips 
in extension. If internal rotation of the hip in exten-
sion exceeds external rotation by more than 30°, 
femoral anteversion is increased [ 13 ] (Fig.  24.5 ).

   Staheli [ 12 ] established age- and sex-related 
values for rotational profi le. The following values 
were measured in 1,000 normal limbs (Tables  24.1  
and  24.2 ).

  Fig. 24.1    Patient in standing position with the patellae 
pointed forward. Observe the external rotation of the feet         Fig. 24.2    Patient in standing position with the feet 

together, rotatory malalignment can be observed. The 
patient shows an infacing or “squinting” of the patellae, 
an apparent varus with a hyperpronation of the foot. This 
deformity is noted on the right leg. Asymmetric rotational 
deformity       
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    We believe that the lack of clinical method accu-
racy in determining the true rotational profi le and 
the Q angle of the lower limb is due to error in posi-
tioning, variability of surface landmarks, anatomic 
variations among individuals, and the subjective 
nature of the technique. For this reason, we consider 

that these values are not accurate and the computed 
tomography is fundamental to accurately analyze 
the tibial tubercle–trochlear groove distance (TT–
TG) and rotational lower limb alignment.  

24.4     Imaging the Lower Limb 
Torsional Abnormalities 

24.4.1     Radiography 

 Radiographic limb alignment is obtained with an 
entire limb radiograph with the patient in standing 
position and the feet aligned in the sagittal plane. 

  Fig. 24.3    Physical exam with the patient in supine posi-
tion. Observe the Q angle increased       

  Fig. 24.4    Patient in sitting position. The amount of tibial 
external rotation is estimated by observing and comparing 
the external rotation of the feet (Fig.  24.3 )       

  Fig. 24.5    Patient in prone position. The amount of 
 femoral neck anteversion is indirectly estimated by mea-
suring the proportion of internal to external rotation of the 
hips in extension       

   Table 24.1    Values for rotational profi le   

 Mean 
(degrees) 

 Range 
(degrees) 

 Foot progression angle  10 external  −3–20 
 Medial rotation of hip (males)  50  25–65 
 Medial rotation of the hip 
(females) 

 40  15–60 

 Lateral rotation of hip  45  25–65 
 Thigh–foot angle  10 outward  −5–30 
 Transmalleolar axis angle  20  0–45 

   Table 24.2    Severity of femoral torsion   

 Medial hip 
rotation (degrees) 

 Lateral hip 
rotation (degrees) 

 Mild  70–80  10–20 
 Moderate  80–90  0–10 
 Severe  >90  <0 
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The patella position is evaluated. In the frontal 
plane, the patella should be centered in the mid-
dle of the distal femur. If patella is centered in 
the trochlear, malrotation should be  considered 
(Fig.  24.6 ). In this view, we observe the lesser 
trochanter. In excessive femoral anteversion, 
the lesser trochanter is excessively prominent. 
Although these fi ndings can suggest a rota-
tional deformity, we cannot measure the rota-
tional alignment.

24.4.2        CT Scan 

 Torsional deformities in the limb are measured 
with CT scan. 

 Femoral anteversion is measured as the angle 
between the femoral neck axis and the line tan-

gent to the posterior aspect of the femoral 
 condyles [ 14 ]. The measurement must always be 
bilateral and comparative (Fig.  24.7 ).

   External tibial torsion is measured as the angle 
between the posterior aspect of the tibial metaph-
ysis and the ankle joint line (Fig.  24.8 ). This 
 measurement is not reproducible and it is 
 inaccurate. This is explained by the fact that there 
is an important infl uence of the cut level in the 

  Fig. 24.6    Knee radiography in the frontal plane. The 
patella should be centered in the middle of the distal 
femur. If patella is centered in the trochlear, malrotation 
should be considered       

  Fig. 24.7    CT scan. Femoral anteversion is measured as 
the angle between the femoral neck axis and the line tan-
gent to the posterior aspect of the femoral condyles       

  Fig. 24.8    CT scan. External tibial torsion is measured as 
the angle between the posterior aspect of the tibial 
metaphysis and the ankle joint line       
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CT scan in the epiphysis. With slight variations in 
the tibial cut level, we can observe differences in 
the angle result.

   The TT–GT quantifi es in millimeters the dis-
tance between the tibial tuberosity and the middle 
of the condylar groove as defi ned by Goutallier et 
Bernageau. It is used to evaluate the anatomic 
relationship between the femoral trochlear 
groove and the anterior tubercle. It can be mea-
sured by superposition of axial CT images, and 
the measurement of tibial tubercle lateralization 
is more accurate than the clinical assessment of 
the Q angle. Dejour et al. [ 6 ] defi ned 20 mm of 
offset as the pathologic threshold (Fig.  24.9 ).

24.5         Surgical Indications 

 Concerning torsional osteotomies, it is very diffi -
cult to achieve a precise correction with a low 
incidence of morbidity. Moreover, the absolute 
mechanical importance of different maltorsions 
also is unclear. Femoral anteversion should only 

be considered when femoral anteversion is greater 
than 20°. Nonetheless, femoral and tibial rota-
tional osteotomy represents an important option in 
the management of patellar dysfunctions. It seems 
to be logical to place the trochlear groove under 
the patella rather than force the patella under the 
trochlear groove. Compared with frontal-plane 
and sagittal-plane deformities of the lower limb, 
which are apparent on clinical examination and 
conventional radiographs, transverse- plane rota-
tional deformities are often missed or ignored 
because of diffi culties in their assessment [ 12 ]. 

 In the presence of rotational malalignment, the 
increase in femoral anteversion produces high lat-
eral-direct patellofemoral joint forces and pain not 
relieved by performing a proximal or distal realign-
ment procedure. Moreover, there is an increase in 
the Q angle, leading to an increase in the lateral-
directed force on the patella. A medial displace-
ment osteotomy of tibial tubercle increases the 
external tibial torsion in patients with an increase of 
the Q angle and, in the  presence of underlying 
malalignment, exacerbates the symptoms [ 15 ]. 

 This way, we consider a rotational osteotomy 
procedure in patients with surgical indication for 
patellofemoral dysfunction in the presence of 
lower limb rotational malalignment,  especially if 
the deformity is asymmetric and unilateral. 

 Patients with medial hip rotation >85° and lat-
eral rotation <10° are considered to be candidates 
for surgical intervention. External tibial torsion 
>30° based on thigh–foot angle measurements 
may need surgical correction [ 16 ]. 

 When there is an excessive TT–GT, over 
20 mm, a medialization of the tibial tubercle is 
indicated.  

24.6     Surgical Considerations 

 Despite the fact that there is no evidence that the 
location of the rotational osteotomy is preferable, 
we are used to performing the osteotomy at the 

  Fig. 24.9    CT scan. TT–GT can be measured by superpo-
sition of axial CT images       
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intertrochanteric level in the femur and in the 
proximal tibia. 

 In the intertrochanteric level, the proximal 
femur is more cylindrical so control of varus–
valgus and fl exion–extension is easier than when 
dealing with the distal fl are of the femur. Another 
advantage is that, in this level, the quadriceps 
muscle rotates with the diaphysis. If there is a 
varus or valgus deformity, the correction must be 
made near the knee joint usually in the supracon-
dylar region. We prefer using an angled blade 
plate as the distal fragment is more easily aligned 
to the plate (Figs.  24.10  and  24.11 ). We have to 
take care and consider the fact that a large rota-
tional correction in the proximal femur can 
change signifi cantly the supratrochlear 
anatomy.

    In the tibia, we perform the tibial tubercle 
osteotomy before the rotational osteotomy. We 
raise the tibial tubercle with the patellar ten-
don attached. We perform the transversal rota-
tional osteotomy at the metaphysis at the level 
of the tibial tubercle. After the rotational cor-
rection, the transverse osteotomy fixation is 

fixed with two agrafes; the tibial tubercle is 
repositioned according to the correct TT–GT 
and fixed with one or two screws (Figs.  24.10 , 
 24.11 , and  24.12 ).

   When there is the necessity to perform both 
femoral and tibial rotational osteotomy, we 
should avoid performing the two procedures at 
the same time. First femoral osteotomy is per-
formed and a delay of 1 or 2 weeks between the 
surgeries is indicated. After femoral osteotomy, a 
new CT scan is realized to observe the tibial cor-
rection need in relation to the correction per-
formed previously at the femur.  

  Fig. 24.10    Surgical image. Rotational osteotomy of the 
proximal femur       

  Fig. 24.11    Radiographic image. Rotational osteotomy 
of the proximal femur       
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    Conclusions 

 When faced with a patellofemoral malfunc-
tion, it is important to check the articular 
geometry and the lower limb alignment. It is 
important to remember that small alterations in 
alignment can result in signifi cant alterations 
in patellofemoral joint stresses. The clinical 
assessment of torsional malalignment may be 
diffi cult, and validated CT scan rotational 
studies are indicated. When patellofemoral 
symptoms or intrinsic patellofemoral pathol-
ogy is the result of skeletal maltorsion, rota-
tional osteotomy may be the only appropriate 
surgical treatment (Fig.  24.13 ). Surgical proce-
dure may be considered aggressive, and the 
patient must be thoroughly informed about 
surgical morbidity and complications as neu-
rovascular problems which must never be 
underestimated (Figs   .   24.14  ,   24.15  , and 
  24.16  ).

  Fig. 24.12    Tibial rotational 
osteotomy with tibial tubercle 
osteotomy       

  Fig. 24.13    Surgical image. Tibial rotational osteotomy. 
Fixation with two agrafes       
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25.1            Introduction 

 Since the fi rst successful attempt by McKeever in 
1955 to replace the patellar surface using a 
Vitallium shell and since the results of the fi rst 
artifi cial patellotrochlear replacements by 
Blazina et al. were published in 1979, the enthu-
siasm of surgeons towards artifi cial replacement 
of the patellofemoral joint has gone through ups 
and downs [ 1 ,  2 ]. 

 The results of these implants were initially 
considered as unpredictable and inconsistent by 
most surgeons, contrary to what was observed for 
total knee replacements. Shortcomings in the 
available designs, diffi culty in obtaining correct 
implant positioning, and failure to address cor-
rectly the underlying pathology were the main 
reasons for this lack of enthusiasm. 

 Recently, however, there has been a renewed 
interest in the use of patellofemoral arthroplasty, 
and there is a growing tendency to believe that 
artifi cial patellofemoral replacement has a well- 
defi ned place in the treatment of end-stage patel-
lofemoral osteoarthritis. 

 The recent trend towards less invasive surgery 
as well as the revival of selective, unicompart-
mental resurfacing options has aroused the ortho-
paedic industry towards increasing the efforts in 
designing better and more anatomic patellofemo-
ral prostheses. 

 In the meantime, a better understanding of 
patellofemoral physiology and pathology allowed 
surgeons to gain a better understanding on how 
and when patellofemoral arthroplasty should be 
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performed in order to lead to consistent clinical 
results. 

 Like in any other operation, a successful clini-
cal outcome depends on the correct patient selec-
tion and indication, as well as surgical technique 
and postoperative care. In this chapter we try to 
address the issue of patient selection and indica-
tion, based upon the evidence available in litera-
ture. Over the last few years, several reports have 
indeed been published on the results of patello-
femoral arthroplasty as well as total knee arthro-
plasty for patellofemoral disease, and based upon 
these data, it is becoming increasingly clear what 
the exact place is of prosthetic patellofemoral 
surgery. 

 Review of the literature shows that all of the 
published studies on patellofemoral replacement 
are retrospective in nature and provide only level 
3 or level 4 evidence [ 3 – 21 ] (Table  25.1 ).

   No therapeutic level 1 or level 2 studies have 
indeed been performed in order to compare patel-
lofemoral replacement to total knee replacement 
or any other treatment options for patellofemoral 
pathology.  

25.2     Isolated Patellofemoral 
Arthroplasty 

 The typical indication for the use of a patellofem-
oral prosthesis has traditionally been the patient 
with disabling, isolated end-stage patellofemoral 
degeneration that has failed to respond to conser-
vative or other surgical treatment options. Usually 
this means that the patient has full-thickness car-
tilage loss as documented by radiographic, 
arthroscopic, or other investigations. 

 In cases of subtotal cartilage damage without 
exposed bone, one should always consider alter-
native, more conservative surgical options fi rst. 
Arthroscopic debridement may be helpful in cases 
of mechanical symptoms caused by unstable car-
tilage fl aps. Microfracture, mosaicplasty, or even 
autologous chondrocyte transplantation may have 
a place in the younger patient with a fresh, post-
traumatic lesion. Lateral retinacular release, soft 
tissue realignment of the extensor mechanism, 
and/or anteromedialization osteotomy of the tibial 
tubercle may all help to unload the damaged 
patellofemoral cartilage. 

   Table 25.1    Literature overview on isolated patellofemoral joint replacement   

 Series  Implant 
 Number 
of cases 

 Follow-up 
(years) 

 Good/excellent 
results (%) 

 Revision 
rate (%) 

 Blazina et al. (1979) [ 2 ]  Richards I/II  57  2  NA  35 
 Arciero and Toomey (1988) [ 3 ]  Richards II  25  5.3  85  12 
 Cartier et al. (1990) [ 4 ]  Richards II/III  72  4  85  10 
 Argenson et al. (1995) [ 5 ]  Autocentric  79  5.5  84  13 
 Krajca-Radcliffe et al. (1996) [ 6 ]  Richards I/II  16  5.8  88  6 
 De Cloedt et al. (1999) [ 7 ]  NA  45  6  NA  18 
 Tauro et al. (2001) [ 8 ]  Lubinus  62  7.5  45  28 
 de Winter et al. (2001) [ 9 ]  Richards II  26  11  62  19 
 Smith et al. (2002) [ 10 ]  Lubinus  45  4  69  19 
 Kooijman et al. (2003) [ 11 ]  Richards II  45  15.5  86  25 
 Board et al. (2004) [ 12 ]  Lubinus  17  1.5  53  12 
 Merchant et al. (2004) [ 13 ]  LCS  15  3.7  93  0 
 Lonner (2004) [ 14 ]  Lubinus  30  4  84  33 
 Lonner (2004) [ 14 ]  Avon/Nexgen  25  0.5  96  0 
 Argenson et al. (2005) [ 15 ]  Autocentric  66  16.2  NA  51 
 Ackroyd et al. (2005) [ 16 ]  Avon  306  2  NA  4 
 Cartier et al. (2005) [ 17 ]  Richards II/III  79  10  72  13 
 Leadbetter et al. (2006) [ 18 ]  Avon  30  2  83  7 
 Sisto and Sarin (2006) [ 19 ]  Kinamatch  25  6  100  0 
 Ackroyd et al. (2007) [ 20 ]  Avon  109  5.2  78  17 
 Gadeyne et al. (2008) [ 21 ]  Autocentric  43  6  67  24 
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 In cases of erosive full-thickness damage, 
these options are however frequently inappropri-
ate or insuffi ciently effective, requiring further 
and more drastic care. Patellectomy may be a 
theoretical option, but it is a mutilating operation, 
and history has taught us that the results are 
unpredictable with respect to both the subjective 
and functional outcome [ 22 – 24 ]. 

 A more conservative approach with excision 
of just the eroded lateral facet, while leaving the 
patellar body in situ, may be a better alternative 
[ 22 ,  25 – 28 ]. 

 Patellofemoral joint replacement effectively 
replaces the damaged cartilage layers and there-
fore provides a more logical solution for the pre-
dominant problem of the patient. This implies 
that concomitant issues such as underlying patel-
lar malalignment or maltracking should be absent 
or corrected (Fig.  25.1 ). Likewise, there should 
be no evidence of other pathology in the knee 
such as tibiofemoral arthritis or an infl ammatory 
arthropathy.

   In view of this, Leadbetter et al. have recently 
outlined the optimal indications and contraindi-
cations for patellofemoral arthroplasty [ 18 ,  29 ]. 
Degenerative osteoarthritis limited to the patel-
lofemoral joint and causing severe symptoms 
affecting daily activity is the primary indication, 

at least in case a lengthy period of nonoperative 
treatment was unsuccessful. 

 Posttraumatic osteoarthritis; extensive grade 3 
chondrosis affecting the entire trochlea, the 
medial facet, or the proximal half of the patella; 
and failure of previous extensor unloading surgi-
cal procedures are additional indications accord-
ing to these authors. In their opinion, 
contraindications to the procedure are the pres-
ence of tibiofemoral arthritis, systemic infl am-
matory arthropathy, patella infera, uncorrected 
patellofemoral malalignment, tibiofemoral 
malalignment, psychogenic pain, and loss of 
range of motion greater than 10° [ 18 ,  29 ]. 

 Interestingly, factors that are known to be 
associated with the development of tibiofemoral 
pathology are indeed associated with inferior 
results after patellofemoral arthroplasty. Obesity, 
tibiofemoral malalignment, and limited range of 
motion fall in this category. 

 In most published series, the most frequent 
reason for revising a patellofemoral arthroplasty 
to a total knee replacement was the progression 
of the arthritic disease in the femorotibial 
compartments. 

 In a recent literature analysis, Leadbetter et al. 
have reported an overall average reoperation rate 
of 24 % after patellofemoral joint replacement 
[ 18 ]. Revision to total knee arthroplasty was nec-
essary in 9 % (range 5–18 %) of the published 
cases, with progression of osteoarthritis in the 
remaining compartments as the most important 
cause. Uncorrected extensor malalignment with 
patellar maltracking or instability, knee joint 
stiffness, and patellar component loosening were 
the other reasons for conversion to total knee 
replacement. 

 Recent data available from international knee 
arthroplasty registries seem to confi rm these fi nd-
ings. In the annual 2008 report of the Australian 
Hip and Knee Arthroplasty registry, 1,057 patel-
lotrochlear replacements were reported, account-
ing for 0.5 % of all knee procedures [ 30 ]. 

 Nine different designs were used, with the 
Avon, LCS, Lubinus, and RBK being the most 
frequent and accounting for 86 % of all proce-
dures. Again, the revision rate was found to be 
relatively high compared to total or unicondylar 

  Fig. 25.1    End-stage patellofemoral osteoarthritis with 
full cartilage loss and lateral maltracking is a potential 
indication for isolated patellofemoral replacement but will 
require correction of the maltracking intra-operatively. 
Usually a limited lateral release or facetectomy will be 
suffi cient to obtain this       
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knee arthroplasty, with 3.1 revisions per 100 
observed component years and a 5-year cumula-
tive percent revision of 13.8 % (versus 12.1 % at 
7 years for unicondylar knee replacements and 
4.3 % at 7 years for total knee replacements). 

 The main reason for revision of patellotroch-
lear replacements was progression of disease in 
24 %, pain in 22 %, and loosening in 17 %. 
Interesting to note was that the outcome depended 
on age, with the 5-year cumulative percent revi-
sion declining with increasing age. Patients aged 
less than 55 years at surgery had a 5-year cumula-
tive revision percent of 17 % versus 13 % for the 
age group 55–64, 12 % for age 65–74, and only 
7 % for those over 75 years old. Males had a dou-
bled risk of revision compared to females. 
Finally, revision rates were highly infl uenced by 
the type of prosthesis used [ 30 ]. 

 In a recent German, nationwide survey, a total 
of 195 patellofemoral replacements were 
reported, accounting for 0.37 % of all knee 
replacements. Again, the main reason for failure 
was progression of tibiofemoral degeneration of 
the affected knee [ 31 ]. 

 Careful patient selection is therefore crucial, 
and the clinical challenge is to select the patient 
with isolated patellofemoral full-thickness carti-
lage wear, absent or correctable malalignment, 
and absence of risk factors for developing tibio-
femoral disease (Fig.  25.2 ). Such is not an easy 
task and requires careful clinical and technical 
investigation [ 18 ,  22 ,  24 ,  29 ,  32 ].

   While interrogating and examining the patient, 
it should become clear that the pain is exclusively 
located in the anterior compartment and second-
ary to severe wear of the patellofemoral joint. 
Patellofemoral crepitus, retropatellar pain while 
squatting or while performing open chain exten-
sion against resistance, and pain during retropa-
tellar palpation should be present. Femorotibial 
joint line tenderness or other signs of femorotib-
ial or meniscal pathology should not be present. 
Also, other causes of anterior knee pain such as 
prepatellar bursitis, pes anserinus tendonitis, 
patellar tendonitis, or referred hip pain should be 
excluded. Patellar tracking should be closely 
examined, and maltracking should be corrected 
preferably before or at the latest during the patel-
lofemoral replacement. 

 Technical investigations should include stand-
ing AP and lateral knee radiographs in both 
extension and 30° fl exion (Rosenberg or schuss 
view), in order to exclude tibiofemoral degenera-
tion. On the lateral views, the presence of patella 
alta or baja can be noted. A patellar skyline (axial 
or Merchant) view should be taken to document 
cartilage loss as well as patellar tracking. 
Standing full-leg radiographs may be necessary 
to rule out tibiofemoral malalignment. CT scan 
or MRI may be helpful to further document carti-
lage status and to evaluate the tibiofemoral 
compartment. 

 Finally, patellofemoral arthritis can be the 
fi rst, subtle indication of an otherwise subclinical 
infl ammatory condition, and serum analysis may 
therefore be warranted in doubtful cases [ 24 ]. 

 Based upon all these clinical and technical 
investigations, one should be able to determine 

  Fig. 25.2    Patellofemoral joint replacement in situ       
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whether the patient fulfi ls the criteria for isolated 
patellofemoral replacement as shown in Table  25.2 .

25.3        Total Knee Arthroplasty 

 Proponents of patellofemoral arthroplasty argue 
that despite the signifi cant incidence of femoro-
tibial degeneration necessitating revision to total 
knee arthroplasty, this argument does justify the 
systematic use of total knee replacement for the 
treatment of end-stage patellofemoral disease. In 
their point of view, total knee arthroplasty is an 
extreme and overly aggressive treatment for this 
indication (Table  25.3 ).

   Despite this, several studies have been pub-
lished indicating that total knee arthroplasty is an 
effective and reliable procedure for the treatment 
of isolated patellofemoral disease, with very little 
reoperation or revision rates, contrary to what is 
known for isolated patellofemoral replacements. 
Although no comparative studies exist, the mere 
fact that the revision and reoperation rate in pub-
lished series is defi nitely lower for total knee 
replacement compared to published data on 
patellofemoral joint replacement is a strong argu-
ment in favour of TKA. 

 According to those in favour of TKA, the 
results after patellofemoral arthroplasty should at 
least become as good as those after TKA with 
respect to longevity and pain relief, in order to 
justify its use as a reasonable treatment option for 
isolated patellofemoral osteoarthritis. 

 Several authors have reported on the results 
after TKA for isolated patellofemoral osteoar-
thritis [ 33 – 39 ] (Table  25.4 ).

   Laskin et al. have reported on 53 patients with 
an average follow-up of 7.4 years and noted a 
better subjective and functional outcome com-
paring this group with a matched series of patients 
with tricompartmental osteoarthritis [ 35 ]. 
Meding et al. retrospectively compared the out-
comes of 33 TKAs with patellofemoral osteoar-
thritis with a matched group of primarily 
tibiofemoral osteoarthritis and noted similar 
results for both groups [ 36 ]. In their analysis of 
the literature, they pointed out that of the 167 
TKAs performed for the treatment of isolated 
patellofemoral osteoarthritis, only one knee was 
revised and two knees underwent reoperation. 
Three of the studies reported no revisions or 
reoperations, and the highest revision rate was 
3 % (one of 31 TKAs) (Table  25.4 ). 

   Table 25.2    Indication criteria for isolated patellofemoral 
arthroplasty   

 Isolated patellofemoral osteoarthritis (documented loss 
of patellofemoral joint space with osseous deformation) 
 Severe patellofemoral symptoms affecting activities of 
daily life 
 Nonresponsive to nonoperative treatment for at least 
3–6 months 
 Absent patellofemoral malalignment (or corrected 
intra-operatively) 
 Absent tibiofemoral disease 
 Neutral tibiofemoral alignment 
 No obesity 
 No evidence of infl ammatory arthritis 

   Table 25.3    Contraindications for isolated patellofemo-
ral arthroplasty   

 Presence of tibiofemoral disease 
 Infl ammatory arthropathy 
 Uncorrected patellofemoral malalignment or instability 
 Tibiofemoral malalignment 
 Gross obesity 
 Fixed fl exion contracture >10° 
 Evidence of psychosomatic component/chronic 
regional pain syndrome 

    Table 25.4    Total knee arthroplasty performed for iso-
lated patellofemoral osteoarthritis: literature overview   

 Series 
 Number 
of cases 

 Follow-up 
(years) 

 KS 
score 

 Revision 
rate (%) 

 Dalury et al. 
(1995) [ 34 ] 

 33  5.2  96  0 

 Laskin and 
van Stejn 
(1999) [ 36 ] 

 53  7.4  96  0 

 Parvizi et al. 
(2001) [ 38 ] 

 31  5  89  3 

 Mont et al. 
(2002) [ 37 ] 

 33  6.8  93  0 

 Meding et al. 
(2007) [ 39 ] 

 33  6.2  88  0 
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 In view of these data, total knee arthroplasty 
can therefore be considered as an acceptable 
treatment option for the treatment of isolated 
end-stage patellofemoral disease and is the 
 treatment of choice in case concomitant early tib-
iofemoral degeneration is present or in case risk 
factors for the development of such tibiofemoral 
degeneration exist.  

    Conclusion 

 The ideal indication for isolated patellofemoral 
joint replacement is the patient with end-stage 
patellofemoral osteoarthritis that has been non-
responsive to prolonged conservative treatment, 
causing him or her severe problems in activities 
of daily life. Underlying patellar maltracking 
should not be present or corrected during the 
procedure. Tibiofemoral degeneration or risk 
factors for developing tibiofemoral degenera-
tion, such as obesity, tibiofemoral malalign-
ment, or infl ammatory arthropathy should not 
be present. In case they are, total knee replace-
ment is the standard of choice. Progression of 
femorotibial degeneration is indeed the most 
frequent reason for failure of isolated patello-
femoral replacements and occurs relatively 
common. Total knee replacement can avoid this 
and is justifi ed under these conditions.     
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26.1            Introduction 

 Patellofemoral problems are frequently encoun-
tered in adolescents and may affect daily activi-
ties and even limit athletic activities [ 1 ]. The two 
most common forms of these problems are patel-
lofemoral instability and patellofemoral pain 
syndrome. Success in treatment program depends 
on a precise understanding of the origin or under-
lying cause of the patellofemoral problem. In this 
brief review, the current literature for treatment 
of immature and adolescent athletes with patel-
lofemoral disorders were reviewed.  
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26.2     Patellofemoral Pain 

 Patellofemoral pain syndrome (PFPS) or anterior 
knee pain (AKP) is a common musculoskeletal 
disorder in adolescents. Previously various termi-
nologies have been used to defi ne PFPS: chon-
dromalacia patellae, patellofemoral malalignment 
or maltracking, lateral hyperpressure syndrome, 
lateral patellar compression syndrome, retinacu-
litis, etc. [ 2 ]. Patellofemoral pain is more com-
mon among in female adolescents and young 
athletes, and it was reported that 26.6 % of the 
adolescent female athletes screened over three 
consecutive basketball seasons had AKP [ 3 ]. The 
incidence was found approximately the same in 
young dancers for PFPS in a large population 
(23.6 %) [ 4 ]. Symptoms of anterior knee pain 
likely persist after middle school-aged onset and 
reach peak prevalence during the high school 
years. 

 Although the reason of pain in PFPS is not 
exactly understood, synovial irritation caused by 
the cartilage degradation-related chemicals 
released into the joint, increased subchondral 
bone pressure, and excessive stress in peripatellar 
soft tissues are some of the proposed factors. The 
majority of patellofemoral pain in children and 
adolescent patients is caused by trauma and 
malalignment syndromes (or a combination of 
both) and can usually be managed successfully 
with nonoperative methods. The principle of 
management of the pain in PFPS is to modify 
pain-provoking activities until the symptoms 
completely disappear. Therefore, the most of the 
current literature focused on studies evaluating 
the reasons and risk factors for PFPS [ 5 ,  6 ]. 

 Patellofemoral pain has often been attributed 
to abnormal hip and knee mechanics especially 
in females. Greater hip adduction, hip internal 
rotation, shank internal rotation, and weaker 
knee extension strength in female runners 
appears to be a risk factor for PFPS [ 7 ]. Finnoff 
et al. suggested that stronger pre-injury hip 
abductors (particularly in relation to their hip 
adductors) and weaker pre-injury hip external 
rotators (particularly in relation to their hip inter-
nal rotators) are associated with the development 
of PFP in high school running athletes [ 8 ]. Hip 

strengthening prior to functional exercises prove 
greater improvements than female athletes who 
perform quadriceps strengthening prior to the 
same functional exercises. In addition, patients 
with a greater quadriceps muscle size, lower 
eccentric knee strength, and less pain have a bet-
ter short- term functional outcome after conserva-
tive treatment for PFPS [ 9 ]. Forefoot varus and 
excessive subtalar pronation can be also associ-
ated with patellofemoral pain. Thence, semifl ex-
ible orthoses or custom-made foot orthoses are 
signifi cant in reducing symptoms of PFPS [ 10 ]. 

 Although previous data indicate a relationship 
between higher relative body mass and overall 
knee injury, a study among middle school-aged 
female basketball players found no relationship 
between relative body composition or relative 
body mass to height to the propensity to develop 
PFP [ 11 ]. 

 Almost 80 % of PFPS cases conservative 
measures are effective. Treatment protocol usu-
ally consists of quadriceps strengthening and 
stretching exercises and symptomatic pain-
relieving agents. In patients not responding to the 
activity modifi cation and exercise program, 
patellar taping, knee sleeves, foot orthotics, and 
physical therapy modalities (electrical stimula-
tion, phonophoresis or iontophoresis) can be 
added to the conservative treatment program. 
Surgical treatment should be avoided in adoles-
cents in whom a structural abnormality does not 
accompany with PFPS.  

26.3     Patellofemoral Instability 

 Patellofemoral instability is common in the pedi-
atric and adolescent population, yet prognosis 
after the fi rst dislocation has been diffi cult to 
determine [ 12 ]. Acute patellar dislocation is a 
common and severe knee injury that occurs most 
often in adolescents, frequently associated with 
sporting and physical activities. It usually mani-
fests with symptoms such as giving way, a sensa-
tion of lateral displacement of the patella 
accompanied by hemarthrosis, and tenderness 
over the medial epicondylar region to palpation. 
The etiology of acute patellar dislocation is 
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 complex and variable, with many components 
making different contributions in each individual, 
resulting in several distinct clinical presentations. 

 Unless associated with substantial articular 
cartilage damage, nonsurgical management is 
typically used to treat a fi rst-time acute patello-
femoral dislocation in a skeletally immature ath-
lete. Traditionally, patellar instability has been 
treated with variable periods of immobilization, 
sporadic rehabilitation, and an expected full 
return to sports activity. Most athletes benefi t 
from an initial nonoperative program that is 
aggressive, multidimensional, and responsive to 
early treatment outcomes [ 13 ]. In a comprehen-
sive systematic review, it was stated that the cur-
rent best evidence does not support the superiority 
of surgical intervention over conservative treat-
ment for an acute patellar dislocation [ 14 ,  15 ]. 
Nonoperative treatment for fi rst-time patellofem-
oral dislocation was reported as 62 % success 
rate [ 12 ]. However, skeletally immature patients 
with trochlear dysplasia had only a 31 % success 
rate with conservative management. Conversely, 
some authors claim better results and lower 
recurrence rates for acute patellar dislocations 
with surgical repair compared with conservative 
treatment [ 16 ]. 

 In patients with patellar dislocation, osteo-
chondral injury is often an indication for early 
surgical intervention. Osteochondral injury to the 
weight-bearing surface of the lateral femoral 
condyle may occur in a high percentage of 
patients following a lateral patellar dislocation 
and in a higher percentage of male adolescent 
athletes than girls [ 17 ]. Therefore, arthroscopic 
examination of the knee for possible osteochon-
dral injuries is a reliable approach after patellar 
dislocation. 

 Recurrent lateral patellar dislocation is also a 
common knee injury in the skeletally immature 
adolescent. Habitual or recurrent dislocation of 
the patella in the skeletally immature patient is a 
particularly demanding problem since the etiol-
ogy is frequently multifactorial. Patients pre-
senting with a prior history of instability were 
more likely to be female and were older than 
fi rst-time dislocation patients [ 18 ]. Risk was 
found highest among females 10–17 years old. 

Risk factors for recurrent dislocation may 
include various skeletal abnormalities, increased 
quadriceps angle, generalized ligamentous lax-
ity, and family history. Body mass index and 
patella alta are not statistically associated with 
recurrent instability [ 12 ]. 

 In the setting of recurrent instability, surgical 
reconstruction is usually recommended. 
However, because of the open physis, operative 
therapy in children and adolescents is challeng-
ing [ 19 ]. Technique of choice should be per-
formed in a case-by-case basis, and no single 
method is effi cient in every case. Anatomic and 
biomechanical studies have demonstrated that 
the medial patellofemoral ligament (MPFL) and 
the vastus medialis obliquus are the primary 
restraints to lateral translation and ultimately dis-
location of the patella. Clinically, up to 94–100 % 
of patients suffer from MPFL rupture after fi rst- 
time patellar dislocation [ 20 ]. The location of 
MPFL tears has been well documented in the 
adult population, with most occurring at the 
insertion of the ligament on the adductor tuber-
cle. However, there is no consensus on the litera-
ture for MPFL injury pattern in skeletally 
immature patients [ 21 – 23 ]. 

 The current goal of surgery is to restore the 
normal anatomy of the patellofemoral joint. 
Therefore, surgical treatment of patellofemoral 
instability in the skeletally immature athlete is 
evolving from nonanatomic extensor mechanism 
surgical procedures to anatomic restorative pro-
cedures based on reconstitution of the MPFL [ 13 , 
 24 ]. No standard surgical procedure for MPFL 
reconstruction exists in skeletally immature 
patients with patellar instability. Consistent ben-
efi cial effects from surgical stabilization on 
 clinical scores, postoperative stability, and 
 radiographic assessment were proved. Moreover, 
there is no evidence for growth disturbance with 
surgical patellar stabilization in immature 
patients [ 14 ]. Recently Nelitz et al. reported sat-
isfactory functional results with no recurrent dis-
location after minimal invasive technique for 
anatomic reconstruction of MPFL that respects 
the distal femoral physis in skeletally immature 
patients [ 19 ]. The most important variables for 
clinical outcomes following anatomical MPFL 
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reconstruction using an autologous gracilis ten-
don are trochlea geometry, medial patellofemoral 
ligament (MPFL), patella height, tibial tuberosity- 
trochlea groove distance (TT-TG), and the exten-
sor muscles [ 25 ]. Since the importance of an 
anatomical reconstruction respecting the femoral 
insertion of the ligament has been proven, an 
insertion proximal of the physis has to be strictly 
avoided. 

 Numerous surgical treatments have been 
described for the treatment of recurrent patellar 
dislocation in adolescents, one of the most 
famous being Galeazzi’s semitendinosus tenode-
sis as modifi ed by Baker which produces good 
midterm clinical results [ 26 ]. The Galeazzi semi-
tendinosus tenodesis is a soft-tissue reconstruc-
tion technique designed to stabilize the patella 
without altering the femoral or the bony struc-
tures about the knee. However, the dynamic CT 
showed that in those patients with high patellae, 
semitendinosus tenodesis alone is not enough to 
stabilize the patella [ 26 ]. Moreover, long-term 
data of Grannatt et al. suggested that it may not 
be as successful as previously reported. They 
reported that approximately 82 % of patients 
experienced recurrent subluxation or dislocation 
despite surgical intervention, which may be due 
in large part to various predisposing factors, and 
there was a 35 % rate of second surgeries [ 27 ]. 
However, given the variability in techniques and 
reported results of patellofemoral stabilizing pro-
cedures in skeletally immature patients, the 
Galeazzi procedure may still be a reasonable way 
to temporize the diffi cult problem of patellar 
instability until patients reach skeletal maturity, 
when bony realignment procedures can be more 
safely used. 

 Kumahashi et al. reported the MPFL recon-
struction methods, using a double-stranded semi-
tendinosus autograft and sparing the femoral 
physeal line in non-closure of the epiphyseal line, 
provide acceptable short-term results for the 
treatment of patellar instability [ 28 ]. The “sand-
wich” method was described as fi xation of the 
patella between a double-stranded semitendino-
sus tendon through the posterior third of the fem-
oral insertion of the medial collateral ligament as 
a pulley with a titanium interference screw in a 

single patellar tunnel. Yercan et al. reported a 
technique that preserves femoral and patellar 
insertion anatomy of MPFL using a free semiten-
dinosus autograft together with tenodesis to the 
adductor magnus tendon without damaging open 
physis on the patellar attachment of MPFL, and 
no recurrent dislocation was observed in three 
patients (4 knees) at a mean follow-up time of 
17.7 months [ 29 ]. Giordano et al. presented an 
original surgical procedure for reconstructing 
both the MPFL and medial patellotibial liga-
ments by semitendinosus tendon with gracilis 
autograft augmentation in skeletally immature 
patients with recurrent patellar dislocation which 
is effective and permits satisfactory patellar con-
gruency documented by static and dynamic CT 
[ 30 ]. Wang et al. proposed a novel suture-tie 
technique of patellar side fi xation in MPFL 
reconstruction for recurrent patellar dislocation 
and reported that this technique can restore 
patella stability without signifi cant complication 
[ 31 ]. Ma et al. compared the medial retinaculum 
plasty and medial capsule reefi ng and found that 
medial retinaculum plasty is improving the sub-
jective effects and decreasing the rate of patellar 
instability postoperatively in children and adoles-
cent patients [ 32 ]. 

 Many reports of patellofemoral instability 
treatment suffer the same fl aws of inappropriate 
patient selection, poor injury defi nition, insuffi -
cient activity assessment, and, especially in skel-
etally immature patients, limited follow-up found 
in other orthopedic literature [ 13 ]. Late diagnosis 
of advanced disease results in a poor prognosis. 
Albuquerque et al. classifi ed the patients accord-
ing to the duration of preoperative symptoms, 
and they reported unsatisfactory results in the 
patients who had more than 10 years of complaint 
[ 33 ]. They claimed patients with long- lasting 
symptoms or more severe disease seem to achieve 
better results with combined proximal and distal 
realignment techniques. Also, trochlear dysplasia 
seems to be a major risk factor for failure of oper-
ative stabilization of recurrent patellofemoral 
instability in children and  adolescents [ 8 ]. 
Patients with both immature physes and trochlear 
dysplasia had a recurrence rate of 69 % [ 12 ]. 
Joint hypermobility is not a contraindication to 
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MPFL reconstruction although  caution is 
 recommended in managing the expectations of 
patients with hypermobility before consideration 
of surgery [ 34 ]. Complete rupture of the MPFL 
during traumatic patellar dislocation may con-
tribute to further patellar instability. Female 
patients with a history of atraumatic recurrent 
dislocation and all patients with history of previ-
ous surgery had a signifi cantly worse outcome 
with MPFL reconstruction [ 35 ]. 

 We improve a new minimal invasive technique 
for fi rst-time patella dislocations [ 36 ]. First we 
draw topographic anatomy of MPFL on the skin 
over the medial side while the knee is in 30° 
 fl exion (Fig.  26.1 ).

   Arthroscopic entrance is made from anterolat-
eral portal. MPFL is not seen in this location 
because it is out of capsule. Sutures are directed 
by knowing its anatomic impression. In case of 
small amount of knee fl exion, sutures start to be 
made preferably with #5 PDS (absorbable sutures 
or anchors, especially absorbable one is prefera-
ble) before the adductor tubercle level and by 
passing them thorough a position out of the cap-
sule and under the skin (Fig.  26.2a, b ).

   Intra-articular section is entered by patella 
medial side and adductor tubercle, which is also 
the starting point, is reached again and three indi-
vidual sutures are done at three levels from upside 

down and adductor is determined at the tubercle 
level while knots are at 30° fl exion (Fig.  26.3a–c ).

   No forcing that pushes the patella to medial 
should be implemented. In this technique, direct 
procedures are done in case of acute dislocations, 
whereas same procedure is done with chronic 
ones by cutting medial capsule with radiofre-
quency. Lateral capsular relaxation absolutely 
should not be done if the outer tissues are not ten-
sile. Physiotherapy is started in a short time after 
post-op compression. No devices are used. The 
main philosophy of this new technique is sutures 
are serving as an internal bracing to restore ideal 
length and environment for the biologic healing 
of the capsuloligamentous structures. 

  Fig. 26.1    Determination of topographic anatomy of 
MPFL       

a

b

  Fig. 26.2    ( a ,  b ) We use 2 number 3 or 5 suture anchors 
for this operation. One of the anchors is placed into the 
anatomic patellar attachment of MPFL, and the other one 
is placed into the femoral insertion from 2 stab incision. 
Margo medialis of patella is superfi cial so it is not diffi cult 
to identify the correct anatomic area of suture at patella, 
but this is not applicable at femoral side. We use imaging 
system in order to mark optimal anatomic area in femur 
through sagittal plane       
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 In conclusion, the treatment of patellofemoral 
instability in an adolescent athlete is a challeng-
ing clinical problem. The patient and parents 
should be informed about the possibility of ongo-
ing instability episodes related to relative insuf-
fi ciency of the distal realignment procedures and 
about the possible need for a subsequent opera-
tion after the bone maturation.     
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27.1            Introduction 

 Patellar dislocation is relatively common, 
accounting for up to 16 % of acute knee trauma in 
young athletes with hemarthrosis [ 1 ]. The medial 
patellofemoral ligament (MPFL) is the primary 
medial soft-tissue restraint, preventing lateral 
displacement of the patella in the normal knee. 
MPFL also weighted 60 % to protect against lat-
eral force [ 2 ]. When the patella is dislocated lat-
erally, injury to the MPFL may predispose to 
recurrent instability; thus even young patients are 
recommended for surgical treatment. The current 
trend for treatment of patellar dislocation is the 
anatomical MPFL reconstruction; we have previ-
ously reported clinical results using this surgical 
procedure [ 3 ]. Including our procedure, many 
surgeons described MPFL reconstructions 
designed to fi x the MPFL attachment of the 
femur side; however, this procedure presents dif-
fi culties in children including the original point 
of the MPFL femoral attachment being closed to 
the physis of the distal femoral. The senior sur-
geon (MO) performed original procedure for 
children from 1986 [ 4 ], and we reported results 
from our surgical procedures to treat patellar dis-
location in children with 7.4 years’ follow-up in 
2003 [ 5 ]. In this paper we report additional results 
of our surgical procedure for immature patellar 
dislocation in patients treated since 2002.  
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27.2     Patients and Methods 

 We performed surgical treatments for 115 patel-
lar dislocations from April 2002 to December 
2012, including six immature patellar dislocated 
knees in fi ve cases (Table  27.1 ). These immature 
patients were all females with a mean age at sur-
gery of 7.7 years (4–11 years). They consisted of 
fi ve habitual dislocation knees and one recurrent 
dislocation knee. The mean follow-up period was 
6.7 years (range, 2–10 years).

27.3        Surgical Procedure 

27.3.1     Lateral Release 

 For habitual patellar dislocation, we performed lat-
eral release arthroscopically by using an electrode-
vice or plastic scissors. For the recurrent patellar 
dislocations, before surgery, the patellar stress radi-
ography views were obtained at 45° knee fl exion 
with 20 N stress from the medial to lateral direction 
and from the lateral to medial direction using a 
pushing apparatus (Imada, Toyohashi, Japan). If 
the patella showed only lateral instability, we chose 
to perform a lateral release.  

27.3.2    MPFL Reconstruction with the 
Transferred Semitendinosus 
Tendon

  We performed this procedure as described previ-
ously [ 5 ]. Briefl y, a 4-cm incision was made over 

the insertion point of the semitendinosus tendon 
(ST), which was then divided at its musculotendi-
nous junction using an open tendon stripper, 

   Table 27.1    Clinical details of the fi ve children (six knees) who underwent MPFL reconstruction with a transferred 
semitendinosus tendon   

 Case  Gender  Age at surgery  Diagnosis 
 Follow-up 
terms (years)  Additional surgery 

 1  F  9  Habitual  10  Distal realignment  After 3 years 
 2  F  6  Habitual  8 
 2  F  7  Habitual  7 
 3  F  9  Habitual  8  Distal realignment  After 5 years 
 4  F  4  Habitual  5 
 5  F  11  Recurrent  2 
 Mean  7.7  6.7 

  Fig. 27.1    Schema of MPFL reconstruction. The semi-
tendinosus tendon ( white arrow ) is transferred to the 
patella using in the posterior one-third of the proximal 
attachment of MCL attachment ( black arrow )       
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leaving it attached distally. Through a 2-cm inci-
sion over the femoral attachment of the MCL, we 
made a 1-cm slit in the posterior  one- third of the 
MCL to act as a pulley. Then a curved incision 
over the patella was applied and the ST was 
transferred to the patella through the pulley. The 
pulley point was slightly anterior to the original 
femoral attachment of the MPFL. The transferred 
tendon was then sutured to the surface of the 
patella with the knee fl exed at 30° (Fig.   27.1 ). 
When the surgeon was suturing the transferred 
ST on the patellar surface, the surgical assistant 
held the patella to keep it in line with the lateral 
patella edge and lateral side of the femoral lateral 
 condyle. Finally, the tracking of the patella and 
the transferred tendon from 0° to full fl exion was 
assessed. Ideally, at this point, the tension should 
increase slightly when the knee is fully extended.  

27.3.3     Postoperative Rehabilitation 

 After MPFL reconstruction surgery, the knee was 
fi xed with a brace for 2 weeks, and then range of 
motion exercises    were started. At 3 weeks after 
surgery, the patients were allowed to adopt a par-
tial weight-bearing gait, and after 5–6 months, 
normal sports activity could be resumed.   

27.4     Clinical Results 

 We surgically treated six patellar dislocations in 
immature patients by MPFL reconstruction and 
lateral release. In two of fi ve habitual disloca-
tions, re-dislocations occurred and treated again 
by the distal realignment surgery: one at 3 years 
after the MPFL reconstruction (Fig.  27.2a–d ) and 

a b

c d

  Fig. 27.2    Case 1: 9-year-old girl with left habitual dis-
location. These X-ray images represent axial views. ( a ) 
The patella was laterally dislocated at 45° knee fl exion 
before the MPFL reconstruction. ( b ) Left knee 1 year 
after MPFL reconstruction. The patient reported no 
patellar instability and could play sports. ( c ) Left knee 

2 years after the MPFL reconstruction; at 11 years of 
age, the patient felt her left patellar laterally dislocate 
again. ( d ) Left knee at 7 years after the MPFL recon-
struction and 4 years after the distal realignment; no 
further patella dislocation or apprehension signs were 
reported       
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the other at 5 years. The remaining four knees 
showed dislocation recurrence or reappearance 
of apprehension signs (Fig.  27.3a–d ).

27.5         Discussion 

 Patellar dislocation is not rare to the immature 
children. Indeed, we have experienced both 
habitual and recurrent patellar dislocation in 

children. Currently, the fi rst choice of surgical 
procedure for patellar dislocation is MPFL 
reconstruction, although such procedures pres-
ent special diffi culties in the immature patients 
because the femoral site of MPFL attachment is 
closed to the physis, increasing the risk of physis 
damage during MPFL reconstruction surgery. 
We reported our original MPFL procedure for 
immature children in 2003 [ 5 ]. The senior author 
(MO) developed this procedure based from the 

a c

b d

  Fig. 27.3    Case 5:11-year-old girl with left recurrent 
patellar dislocation. These X-ray images represent lateral 
views ( a ,  c ) and axial views ( b ,  d ). The patella was later-
ally shifted and tilted at 30° knee fl exion before MPFL 

reconstruction ( a ,  b ) and the patient showed positive 
apprehension signs. Left knee 2 years after the MPFL 
reconstruction ( c ,  d ). There was no patellar instability and 
she could be participated in playing any sports       
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cadaver study [ 4 ]. The critical point in perform-
ing MPFL reconstructions in immature children 
is the pulley point sited at the posterior one-third 
of the MCL. Ochi et al. [ 4 ] found that the length 
changes from the posterior one – third of the 
MCL to the patellar insertion site of the MPFL 
are relatively less. Subsequent fi ndings reported 
by Smirk et al. [ 6 ] on the length change from the 
femur site to the medial patellar site in cadaver 
also indicated that the pulley point used in our 
immature patients’ MPFL reconstruction is rela-
tively isometric. 

 In the current study, we also showed the trans-
ferred tendon grew at the same rate as the MPFL 
since no medial shift or tilt appeared with growth, 
consistent with our previous report [ 5 ]. Although 
two knees required distal realignment surgery for 
recurrent instability, we showed that our proce-
dure is effective for treating immature children 
with habitual and recurrent patellar dislocation. 

 The study has some limitations. First, the 
transferred tendon does not mimic the native 
MPFL, which exists like a fan at the patella inser-
tion, and second, the femoral position of the 
transferred tendon is not the natural attachment 
site. However, in this series, we experienced no 
major side effects such as difference of the leg 
length, growth disturbance, or valgus/varus knee 
deformity, while two habitual patellar dislocation 

patients required additional distal realignment 
operations due to recurrent patellar instability. 
Finally, we emphasize that this procedure could 
be applied to stabilize even habitual patellar dis-
location knee safely in younger children.     
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28.1            Introduction 

 Patellofemoral cartilage lesions can often be 
 diffi cult to treat. Because of the unique biome-
chanics of the patellofemoral joint, even subtle 
alterations of the mechanics secondary to insta-
bility, abnormal joint anatomy, or malalignment 
can lead to alteration in cartilage homeostasis 
with ultimate destruction of the articular carti-
lage. Treatment of large full-thickness articular 
cartilage lesions of the patella greater than 
2.5–3.0 cm 2  that have failed previous conserva-
tive and operative treatment modalities are a con-
siderable problem to deal with in young and 
middle- aged population (Figs.  28.1  and  28.2 ).

    If encountered acutely or if a large fragment 
exists, often these lesions can be stabilized and 
internally fi xed with metallic or bioabsorbable 
implants. Many of these lesions, however, prog-
ress and large osteochondral lesions of the 
patella that are too large to be treated by meth-
ods such as debridement and lavage, excision of 
the fragment and stimulative/reparative proce-
dures such as marrow stimulating techniques 
(microfracture, drilling, abrasion chondro-
plasty), or restorative techniques such as osteo-
chondral transfer procedures (OATS or 
mosaicplasty). A series of 85 patients with full-
thickness chondral injuries of the knee treated 
with microfracture by Kreuz, Erggelet, and 
Steinwachs reported that lesions on the trochlea 
or on the patella had worse results (regardless of 
patient age) and deteriorated over time [ 1 ]. 
Regenerative processes such as osteochondral 
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allograft or some form of autologous chondro-
cyte implantation may be able to treat these 
large lesions. 

 The indications for cartilage regenerative sur-
gical techniques are symptomatic deep lesions 
classifi ed by the International Cartilage Repair 
Society (ICRS) Grade 3: deep greater than 50 % 
cartilage depth and down to but not through sub-
chondral bone and Grade 4: subchondral bone 
exposed (with lesions extending through the sub-
chondral bone plate or deeper into the trabecular 
bone). There should be no uncorrected malalign-
ment or instability and no signifi cant arthritis. 
Any type of maltracking or malalignment of the 
patella must be corrected. 

 First-generation autologous chondrocyte 
implantation (ACI) is the implantation of in vitro 

cultured autologous chondrocytes using a 
 periosteal tissue cover after expansion of the iso-
lated chondrocytes. 

 Autologous chondrocyte implantation that was 
fi rst reported by Brittberg, Peterson, and cowork-
ers in Gothenburg, Sweden, in 1994 [ 2 ] has been 
successfully utilized in the knee. The procedure 
has yielded good-to-excellent results in greater 
than 77 % of deep chondral lesions (92 % in iso-
lated femoral condyle lesions; 65 % in the patella) 
with more than 9 years’ follow-up [ 3 ,  4 ]. 

 ACI is a two-stage process. Articular cartilage 
chondrocytes are harvested by either arthroscopic 
or open techniques from a normal area of the 
knee. The chondrocytes are cultured in vitro for 
3–5 weeks, expanded and reimplanted by arthrot-
omy or mini-arthrotomy. In the fi rst-generation 
ACI, a periosteal graft was harvested and sutured 
in place over the chondral defect in a “water- 
tight” manner (2–3 mm apart). The cultured 
autologous chondrocytes are then injected onto 
the defect under the periosteal patch and the 
arthrotomy incision is closed. This often requires 
a wide arthrotomy incision to be made to allow 
for proper suturing of the periosteal patch. The 
use of the periosteal patch has caused complica-
tions such as symptomatic periosteal hypertro-
phy, delamination of the defect, and intra-articular 
adhesions [ 3 ,  4 ]. 

 A second-generation ACI utilizes a biocom-
patible bioabsorbable membrane to cover the 
chondral defect. A bilayer, absorbable, porcine 
collagen I/III membrane (Chondro-Gide, 
Geistlich Biomaterial, Wolhusen, Switzerland) 
has been used to avoid the problems of the peri-
osteal patch. The membrane is degraded by enzy-
matic division (i.e., collagenase), and the resultant 
collagen fragments denature at 37 ° C to gelatin. 

 This collagen-covered autologous chondrocyte 
implantation (CACI) has been used extensively in 
Europe, Australia, and New Zealand instead of a 
periosteal patch. In a prospective study presented 
at the International Cartilage Repair Society in 
2004, Steinwachs [ 5 ] described 163 patients 
treated for chondral defects of the knee with ACI 
using a periosteal patch of Chondro-Gide mem-
brane instead of the periosteal patch. Seventy 

  Fig. 28.1    Chondral defect of the patella       

  Fig. 28.2    Chondral defect of patella curetted       
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eight percent of patients in the periosteal group 
reported good or excellent, and 88 % of patients 
in the Chondro-Gide group reported good or 
excellent results. There was no case of membrane 
hypertrophy in the Chondro- Gide group (statisti-
cal signifi cance was not discussed by the investi-
gators) [ 5 ]. 

 Matrix/membrane-induced autologous chon-
drocyte implantation (MACI) is a third- 
generation chondrocyte implantation process. 
Cultured autologous chondrocytes are impreg-
nated onto a highly purifi ed porcine collagen I/
III membrane (Sanofi /Genzme Biosurgery). The 
MACI implant can be secured to the chondral 
defect by fi brin glue (with little or no suture nec-
essary), suture, or bioabsorbable pins or tacks. 
No periosteal graft is needed. The procedure can 
be performed arthroscopically or by mini-
arthrotomy [ 6 ]. 

 Initially chondrocytes are harvested 
arthroscopically from a non-weight-bearing 
area of the ipsilateral knee (200–300 mg of 
healthy cartilage). The chondrocytes are then 
cultured, expanded in vitro (in 3–5 weeks), and 
then impregnated on an absorbable three-dimen-
sional bilayered, purifi ed porcine collagen I/III 
membrane. The bilayer structure has a smooth 
side that is nonporous acting as a natural barrier 
and faces the joint. Chondrocytes are seeded on 
the porous side of the matrix. The membrane is 
tear resistant and can be easily templated, 
trimmed, and cut to shape. The membrane is not 
self- adherent and can be “rolled-up” and han-
dled with standard arthroscopic instrumenta-
tion, allowing for arthroscopic implantation of 
the membrane [ 6 ,  7 ] .The membrane is nonanti-
genic (telopeptides are split during the manufac-
turing process) and is bioabsorbable. The 
bioabsorbable membrane can be fi xed to the 
patella cartilage defect with fi brin glue, pins, or 
suture. 

 Utilizing mini-arthrotomy or arthrotomy tech-
niques, the cartilage defect of the patella is 
debrided and curetted with a sharp ring curette to 
remove the calcifi ed fi brous cartilage layer with-
out penetrating the subchondral bone (Avoid 
bleeding of the subchondral bone!) (Fig.  28.2 ). 
A stable cartilage rim with sharp vertical walls of 

healthy cartilage is created on the patella (Note: 
all “damaged” cartilage should be debrided back 
to a healthy stable border) (Figs.  28.3  and  28.4 ). 
Intralesional osteophytes, if any, should be 
removed. The chondral defect is measured and 
templated (Fig.  28.6 ). The MACI membrane is 
cut to the proper shape with a scalpel or scissors 
(Fig.  28.7 ). The membrane is then fi xed with 
fi brin glue (Tisucol, Baxter, Spain). Suture is 
used for the patella (Figs.  28.9  and  28.10 ).

    Postoperatively the patient is placed in a soft 
dressing and placed and on continuous passive 
motion (when available) for 8 weeks. The patient 
is kept to partial weight bearing activity for 
8 weeks. Larger and more central lesions are kept 
partial weight bearing for 12 weeks. 

  Fig. 28.3    Create a stable rim with stable walls       

  Fig. 28.4    Cartilage lesion patella with stable verti-
cal wall       

 

 

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



216

 The MACI membrane as currently supplied is 
now 3 × 5 cm and is seeded with one million chon-
drocytes per cm 2  for a total of 15 million chondro-
cytes (previously the membrane size was 4 × 5 cm 2  
with a total of 20 million chondrocytes). 

 If one were to treat a 3 × 2 cm 2  lesion of the 
patella with the traditional MACI technique, six 
million chondrocytes would be utilized and nine 
million chondrocytes would “literally” be thrown 
away. The same lesion treated with traditional 
ACI would potentially have 12 million cells at 
the site of the cartilage lesion, which is double 
the amount of chondrocytes delivered to the same 
sized lesion treated with MACI. Since one side of 
the membrane is not porous, the MACI mem-
branes really cannot be stacked upon one another. 

 At Clinica CEMTRO/Universidad Catolica 
San Antonio de Murcia (UCAM), the concept of 
“Cell Density” concerning chondrocytes was 
investigated. In a recent article in Cartilage, 
Foldger, Gomol, Lind, and colleagues reported, 
“In the absence of systematic evaluations of the 
effects of cell density and clinical outcome, many 
clinicians continue to use one or two million 
chondrocytes per cm 2 , which, despite its lack of 
evidence and the fact that most in vitro studies 
point toward benefi ts of high intensities, has been 
associated with favorable clinical outcomes and 
nearly approximates the densities found in native 
adult articular cartilage” [ 8 ]. 

 In an attempt to determine which type of cell 
(mesenchymal cell or chondrocyte) and the num-
ber of cells per square centimeter are “optimal,” at 
clinica CEMTRO, we studied 15 female merino 
sheep with articular cartilage lesions treated with 
autologous chondrocytes or mesenchymal cells 
seeded onto a porcine collagen I/III membrane. 
Experimental groups were fi ve million chondro-
cytes per cm 2 , one million chondrocytes per cm 2 , 
fi ve million mesenchymal cells per cm 2 , and 
microfracture. All samples were analyzed for cel-
lular histology, type I collagen, type II collagen, 
and aggrecan. The expression of aggrecans was 
seen in all samples. The expression profi le of Col 
II (marker of hyaline cartilage) showed the control 
group was greater than fi ve million chondrocytes 

which was greater than one million chondrocytes, 
which was greater than fi ve million mesenchymal 
cells, which was greater than microfracture. The 
expression profi le of Col I was microfracture 
greater than fi ve million mesenchymal cells 
greater than one million chondrocytes greater than 
fi ve million chondrocytes. The results were statis-
tically signifi cant. The histology showed fi ve mil-
lion and one million chondrocytes to have a more 
hyaline-like cartilage structure than either the 
microfracture or implantation of fi ve million mes-
enchymal cells. Increasing the density of chondro-
cytes improved the quality of the regenerated 
tissue [ 9 ]. 

 Based upon the fact that fi ve million and 
one million chondrocytes demonstrated a better 
regenerative cartilage tissue, Clinica CEMTRO 
has developed a modifi cation of the MACI 
procedure increasing the number of cells per 
cm 2  seeded on the collagen membrane (Instant 
CEMTROCELL-ICC, Madrid, Spain). After 
biopsy by arthroscopy, isolation of chondro-
cytes, and cell culture to 20 million cells, the cell 
suspension is transferred to the operating room 
(Fig.  28.5 ). The lesion is templated (Fig.  28.6 ). 
The Chondro-Gide membrane is cut to the size of 
the lesion (Figs.  28.7  and  28.8 ) and all of the cell 

  Fig. 28.5    Chondrocytes in cell culture       
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suspension is seeded on it (Fig.  28.9 ). The cells 
are seeded on the porcine collagen I/III mem-
brane according to the method of Steinwachs 
[ 5 ]. The cultured chondrocytes are placed on the 
collagen membrane and after a 10-min period 
of time to allow for the absorption of chondro-
cytes, the membrane is implanted on the articular 
cartilage defect    (e.g., a 2 × 3 cm 2  cartilage lesion 
would receive more than three million chondro-
cytes per cm 2 ) (Fig.  28.10 ).

        Histological and genetic studies of ICC to date 
have shown a proliferation of collagen matrix, a 
population of viable mature chondrocytes, and 
immature population of chondrocytes with 

  Fig. 28.6    Lesion of patella templated       

  Fig. 28.7    Chondro-Gide membrane cut to size of lesion       

  Fig. 28.8    Trimming the Chondro-Gide membrane       

  Fig. 28.9    ICC cultured chondrocytes placed on Chondro- 
Gide membrane       

  Fig. 28.10    ICC membrane sutured in place       

 

 

 

 

 

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



218

absence of expression of protein s-100, absence 
of atypical mitosis (absence of expression of 
P52), and a proliferative capacity.     
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29.1            Introduction 

 The patellofemoral pain syndrome (anterior knee 
pain) is very common in the general population. 
It is often seen in young people who are very 
physically active in competitive and recreational 
sports and more often in teenage girls and young 
women. However, it is also very frequent in 
young people sustaining sedentary work (white 
collars or students). Patellar malalignment and 
instability with or without articular cartilage 
lesions in the patellofemoral joint are usually the 
source of pain. Articular cartilage injuries are 
very common in this patient group. Hielle et al. 
found that 17 % of patients having an arthros-
copy had an articular cartilage injury located in 
the patella or trochlea [ 1 ]. Nomura et al. also 
found 35 patients with severe articular cartilage 
injuries of the patella in 37 patients with a fi rst- 
time acute patellar dislocation [ 2 ]. 

 Acute trauma or repetitive microtrauma may be 
the cause of cartilage lesions of the patellofemoral 
joint. Trauma with direct contusion of the patella 
is very common in many contact sports such as 
football, handball, ice-hockey, etc. Repetitive 
microtrauma with repeated loading/overloading is 
another common mechanism for cartilage ero-
sions. Stress concentration between the articular 
surfaces results in progressive wear of the carti-
lage, subsequently causing kissing lesions. 

 Patellar malalignment and instability very often 
act as an undiagnosed background factor behind 
anterior knee pain, leading to or accelerating 
the cartilage lesions of the patella or trochlea [ 3 ]. 
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The factors that may cause patellofemoral insta-
bility or contribute to it can be divided into three 
groups: skeletal, ligamentous, and muscular 
factors. 

 Skeletal factors include trochlear dysplasia, 
genu valgum, lateralized tibial tuberosity with 
increased Q angle, and patella alta. Besides the 
knee structures, other factors can also contribute 
including an increased femoral neck anteversion, 
excessive tibial torsion, tibia vara, and also fl at 
foot [ 4 ]. 

 Ligamentous factors include partial or total 
ruptures of the patella or knee joint stabilizers, 
ligament insuffi ciency after ruptures, or second-
ary lengthening [ 5 ]. 

 Muscular factors include muscle imbalance 
especially between VMO and VL. VMO weak-
ness or retarded VMO activation during the knee 
fl exion has been accused. Besides, the pain inhi-
bition will cause a prolonged reaction time of the 
VMO reducing the speed and strength of muscu-
lar function. That will also contribute to patello-
femoral instability. 

 Treatment of the cartilage lesions of the patel-
lofemoral joint alone may not have a satisfactory 
clinical outcome if other coexisting factors are 
ignored. Cartilage repair should be accompanied 
by the assessment of any potential malalignment 
or instability of the patella focusing on the cor-
rection of the background factors. The correction 
of those abnormalities is considered to be neces-
sary for the cartilage treatment to be effective and 
durable [ 4 ].  

29.2     Autologous Chondrocyte 
Implantation (ACI): Surgical 
Approach – Steps 
of Operation 

 Autologous chondrocyte implantation is a two- 
step procedure. The fi rst step consists of the 
arthroscopic    evaluation of the intra-articular 
pathology, confi rmation of the cartilage lesion, 
and of indications for ACI. Biopsies are then 
retrieved from minor weight-bearing surfaces 
and are used as source of chondrocytes for cell 
culture.    

29.2.1     Arthroscopy and Biopsy 
(1st Step of Procedure) 

 First, evaluate the intra-articular pathology 
including the characters of cartilage lesions. 
Assess the defect size, depth, location, and con-
tainment and also assess the opposing surfaces 
(for diagnosis of kissing lesions). Planning for 
the open procedure is undertaken, based on the 
arthroscopic fi ndings along with the preoperative 
assessment (clinical and imaging). The planning 
should include the assessment of the lesions and 
potential need for correcting background factors 
(e.g., reconstruction of the extensor mechanism). 
Cartilage biopsies are taken from minor weight- 
bearing areas, usually from the upper medial 
trochlea, from the upper lateral trochlea, or from 
the lateral intercondylar notch. Our experience in 
approximately 1,600 biopsies (about 98 % taken 
from the upper medial trochlea) shows no donor 
site morbidity. 

 After the cartilage retrieval, any meniscus 
pathology should be corrected if needed.  

29.2.2     In Vitro Culture 
of Chondrocytes 

 The harvested cartilage pieces are transferred 
from the operation theater to the cell-culture 
laboratory. The cartilage is placed in a sterile 
glass tube containing 0.9 % NaCl. Cell isola-
tion procedure is initiated upon the arrival. The 
pieces are minced and washed twice in medium 
supplemented with antibiotics (usually genta-
micin sulfate, amphotericin B, L-ascorbic acid, 
and glutamine). The minced cartilage is 
digested overnight (for 16–20 h) in a collage-
nase solution. The isolated cells are then 
washed and resuspended in fl asks containing 
culture media with the addition of 10 % of the 
patient’s own serum and antibiotics. The sus-
pension is incubated in standardized conditions 
(7 % CO 2  in air at 37 °C). After about 1 week, 
the multiplied cells are trypsinized (released 
from the fl ask fl oor) and resuspended to more 
fl asks. Finally, after about 2 weeks from the 
cartilage biopsy, the cultured cells are ready for 
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the implantation according to the principles of 
fi rst-generation ACI (cells are provided in sus-
pension). Then, they can be trypsinized, iso-
lated, and suspended in 0.3–0.4 mL of 
implantation medium, in a 1-ml syringe, in 
which they are transferred to the operation the-
ater for the implantation. Another option is to 
be cryopreserved for future use, being on 
demand of the surgeon. 

 In second- and third-generation ACI, the cells 
are additionally injected (embedded) to a mem-
brane (2nd generation) or cultured on and in a 3D 
scaffold (3rd generation). After a period of time 
necessary for the embedding or the culture, a 
membrane with the cells is ready to be contrib-
uted to the surgery for the implantation.  

29.2.3     Autologous Chondrocyte 
Implantation and Assessment 
of Background Factors (2nd 
Step of Procedure) 

    Skin Incision: Approach 
 Use a short medial or lateral skin incision which 
should be adapted to the specifi c location of the 
cartilage defect, followed by a mini medial or lat-
eral arthrotomy allowing tilting of the patella 
about 90° to be able to perform the surgery 
adequately. 

 Specifi cally in case of patellofemoral joint 
realignment procedures for cartilage lesions, a 
central skin incision is recommended allowing 
either medial or lateral parapatellar arthrotomy. 
When necessary adapt the incision accordingly to 
allow optimal access. 

 Use a central (midline) skin incision starting    
1–2 cm proximal to basis patellae down and dis-
tal to the tibial tuberosity. After subcutaneous 
dissection start a medial parapatellar arthrotomy 
   starting 1 cm proximal to the patella, between the 
rectus femoris and the vastus medialis obliquus, 
running 5–7 mm medial to the patellar insertion 
of the VMO and patellofemoral ligament. 
Continue down to the tibial condyle and incise 
the joint capsule and inspect the joint, especially 
the patella and trochlear groove. Evaluate the 
articular cartilage lesions along with the patello-

femoral joint incongruity or any other malfunc-
tions, and address the surgical plan for their 
treatment. Include a careful assessment    of the 
Q-angle and the patellar tracking if the groove is 
dysplastic.  

    Correction of Background Factors 
 A specifi c surgical plan should be scheduled pre-
operatively according to the background factors 
that have been identifi ed and need to be addressed. 
There is a specifi c order of all the stages that 
should be performed for the correction of the 
joint malalignment (also see Chap.   22    ). The order 
is shown below (Fig.   22.7    ):
    (a)    Lateral release.   
   (b)    Tibial tuberosity transfer—unloading and 

correcting procedures (anteromedialization 
or anteriorization or distalization of tibial 
tuberosity). The screw fi xation of tuberosity 
should be kept for after the implantation of 
cells.   

   (c)    Trochlear grooveplasty (only in the cases 
with trochlear dysplasia).   

   (d)    Autologous chondrocyte implantation 
(implantation of cells) (please see below).   

   (e)    Screw fi xation of tibial tuberosity (when a 
tibial tuberosity transfer is also performed).   

   (f)    Medial plication.    

      Implantation of Cells 
 After the osteotomy of tibial tuberosity (in the 
cases where transfer is needed), proceed to the 
ACI (Fig.  29.1 ). Incise around the lesion and 
include all damaged cartilage, so to reach healthy 
cartilage around the lesion. Gently debride the 
damaged cartilage down to the subchondral bone 
without causing any bleeding.

   For the fi rst-generation ACI (with the use of 
periosteum), make a template of the defect and 
go to the proximal medial tibia for harvesting the 
periosteal fl ap. Make a skin incision in proximal 
medial tibia distal to the pes anserinus insertion, 
dissecting down to the bone. Care should be 
taken to remove all fat fi bers and vessels covering 
the periosteum. Gently remove remaining fi bers 
and the thin fascia covering the area, and also 
remove the thin fat layer directly overlying the 
periosteum making the harvested fl ap as thin as 
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possible. Care should be taken not to make it too 
thin or perforate it. Place the template on the peri-
osteum and oversize the fl ap by 1–2 mm when 
incising the periosteum. Gently dissect the fl ap 
free from the cortical bone (periosteal patch). 

 A fabricated collagen membrane can be used 
instead of the periosteum. In this case, the proce-
dure described above for the retrieval of perios-
teum is not needed. When a collagen membrane 
is used, the template of the cartilage lesion should 
be used as described above in order to cut the 
membrane accordingly to the lesion size and 
shape. 

 After the patch (periosteal patch or collagen 
membrane) is cut, place it on the cartilage lesion 
and suture it to the vertical edges of the defect by 
anchoring it with sutures in four corners. When 
periosteum is used, be sure that the cambium 
layer is facing the bone of the defect. Then, com-
plete the suturing using 6-0 reabsorbable sutures 
with a 4–6 mm interval between them and try to 
grasp 5–6 mm into the normal cartilage 

(Figs.  29.1 ,  29.2 , and  29.3 ). Leave a small area 
on the top of the defect (making a hole enough to 
be closed with one suture). Seal the intervals 
between the sutures with fi brin glue in order to 
make it watertight and then insert a plastic driver 
of a 20-gauge syringe through that hole. Test for 
leakage by gently injecting saline into the defect 
through the plastic syringe driver. When water 
sealing is achieved, aspirate the saline and inject 
the chondrocytes into the defect starting from 
distally and slowly withdrawing the syringe 
(Figs.  29.1  and  29.4 ). Close the injection site 
with a suture and some fi brin glue (Fig.  29.1 ). 
When using the collagen membrane injected with 
cells, place the rough surface to the bone and 
suture and seal as described above, but do not test 
for watertightness. Finally, inject any remaining 
cells under the membrane to ensure cell adhesion 
to the subchondral bone plate.

     For 2nd- and 3rd-generation ACI, the cells are 
provided within a membrane (not in a suspension 
as in the 1st generation). In this case, just cut the 

a

e f g h

b c d

  Fig. 29.1    Autologous chondrocyte implantation. Stages 
of the procedure: ( a ) cartilage lesion as fi rst seen after an 
open arthrotomy, ( b ) the lesion area after debridement of 
the defect tissue, ( c ) a piece of foil is used to make a tem-
plate of the debrided lesion area, ( d ) retrieval of a perios-
teal patch from the proximal tibia. Orientation of the 

patch is performed with the use of the template: ( e ) sutur-
ing of the patch on the defect area, ( f ) use of fi brin glue to 
water seal the area, ( g ) after water sealing injection of the 
suspension of chondrocytes beneath the periosteal patch, 
( h ) the treated defect area before closure of the incision       
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membrane accordingly to the cartilage lesion 
(with the use of a template as described above), 
and place it on the debrided lesion. BioGlue may 
be used to keep the membrane stuck on the sub-
chondral bone. In bigger or uncontained lesions, 
we recommend sutures and sealing of the suture 
rim with fi brin glue to increase the stability of the 
graft.    

29.3     Postoperative Treatment: 
Rehabilitation 

 In case of realignment procedures, use a brace 
allowing 0–90° of motion for the fi rst 3 weeks, 
and then, open the brace to 0–120° for another 
3 weeks. In case of isolated cartilage lesions, the 
use of a brace is not necessary. Antibiotics and 
thrombosis prophylaxis should be administered 
postoperatively, according to your routines. Use 
continuous passive motion machine (CPM), 
0–30–40° to start with, after 8 h, for 48 h. Start 
quadriceps training and active range of motion 

a b c

  Fig. 29.2    ( a ) Large cartilage lesion of the patella. The 
defect is covered by necrotic cartilage tissue. It is fragile; 
thus, the subchondral bone is easily reached with a for-

ceps, ( b ) the patellar lesion after the debridement and 
removal of the necrotic nonfunctional tissue, ( c ) the same 
lesion after the chondrocyte implantation       

a b  Fig. 29.3    ( a ) Trochlear 
lesion before debridement and 
( b ) after the autologous 
chondrocyte implantation and 
suturing of the periosteum       

  Fig. 29.4    After the suturing and waterproof sealing of 
the periosteal patch on the surrounding cartilage, the sus-
pension of chondrocytes is inserted beneath the patch, 
through a small open area at the top of the graft       
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training in the fi rst postoperative day. Mobilize 
the patient allowing as much weight bearing as 
tolerated by pain. However, partial weight bear-
ing should be advised when going up and down 
the stairs. Use crutches for support and safety for 
3–6 weeks. Try to reach 60–90° fl exion after 
3 weeks and 100–120° at 6 weeks. In case of 
bracing, the brace is gradually removed after 
6 weeks. 

 Physiotherapy is focused primarily on full 
extension and gradually on full fl exion. Isometric 
quadriceps training and closed-chain strength 
training should be performed up to 4–6 months. 

 Functional training when full weight bearing 
is reached includes walking for increasing dis-
tances and bicycling with low resistance initially 
when at least 90° of fl exion is reached on a sta-
tionary bike. Later on, outdoor biking with 
increasing distances is allowed. Swimming is 
also allowed when the wound is healed using 
freestyle leg work. 

 Return to sports is assessed on individual basis.  

29.4     Long-Term Follow-Up 
of Patients Treated with ACI 

29.4.1     Material 

 Since 1987 ACI has been performed in 
Gothenburg, Sweden, in more than 1,600 patients. 
Out of the fi rst 442 patients operated with ACI, 
244 included at least one patellar or trochlear 
lesion; 153 (35 %) had patella lesions, while 78 
(18 %) had isolated patella lesions. Trochlear 
lesions were found in 91 patients (21 %), while in 
18 of them (4.1 %), it was the only cartilage 
defect. Out of them, 42 patients (9.5 %) had kiss-
ing lesions of patellofemoral joint; in 28 of those 
other concomitant lesions of femoral condyles or 
tibia plateau were also found. 

 A 10–20-year follow-up study was conducted 
to show the long-term results of ACI. Two hundred 
and twenty-four patients who returned the ques-
tionnaires participated. Of the total number of 
patients, 80 were women and 144 were men. The 
average age was 33.3 years (range 15–61.6, SD 
9.5) at the time of surgery while being 46.1 (range 
25.8–74.2, SD 9.5) at the time of follow- up. The 

evaluation was performed 10–20 years after the 
implantation (average 12.8 years).  

29.4.2     Results 

 From 224 patients with a follow-up of 10–20 
years; 

 92 patients had either a patellar or trochlear 
lesion (39 isolated patella, eight isolated trochlea, 
18 kissing). The mean age at the time of the ACI 
was 34.6 years (range 14–57) and at the follow-
up was 12.6 years after the surgery (range 10–20). 
The mean size per lesion was 5.5 cm 2  (range 
1–16), with a mean ratio of 1.7 lesions per patient. 

 Tegner-Wallgren score was 7, improved by 1 
level compared with the preoperative values 
(Wilcoxon signed-rank test  p  = 0.01). The mean 
Lysholm score was 68.1. The statistical analysis 
showed an improvement of 9 points in average 
from the preoperative values. However, this 
improvement was not found to be statistically 
signifi cant (Wilcoxon signed-rank test  p  = 0.3). 
Seventy-two percent of the patients reported that 
they were better or unchanged, while 93 % would 
do the operation again. 

 Thirty-eight of those 92 patients had also a 
type of realignment surgery. Twenty-two have 
had an extensor mechanism reconstruction and 
trochleaplasty (one had it 7 years before the 
ACI). Nine had only an extensor mechanism 
reconstruction (one of those had it 6 years after 
the ACI). One had medial plication and trochlea-
plasty and one lateral release and trochleaplasty. 
Five had a tibial osteotomy for varus or valgus 
deformity (one of those had it 4 years after the 
ACI). Twenty-seven of the 38 patients (71 %) 
responded that they were improved or the same 
compared with previous years, while 35 (92.1 %) 
would do the operation again. Lysholm score was 
66.3 (range 17–100), while Tegner-Wallgren 
score was 8.1 (range 3–14). Patients with no 
realignment procedures had a fi nal Lysholm 
score of 69.3 and Tegner-Wallgren score of 8.05. 
Patients with malalignment or instability that had 
a realignment procedure of any form had compa-
rable outcomes to the cases which did not need 
any additional surgery ( p  = 0.5 for Lysholm and 
 p  = 0.9 for Tegner-Wallgren). 
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 Patients with no kissing lesions appeared to 
have a better prognosis. Seventy-eight percent 
reported to be better or the same compared with 
previous years, and the mean Tegner-Wallgren 
score was 8.3. On the other hand, 44 % of the 
patients with kissing patellar and trochlear lesions 
appeared to be better or the same, with a mean 
Tegner-Wallgren score of 7.2 ( p  = 0.004 and 
 p  = 0.04, respectively). However, 94 % of the 
patients with kissing lesions would do the ACI 
again, similar to the patients with no kissing 
lesions (92 %). 

 Subdividing the patients according to the fea-
tures of their lesions:
    (i)    We had, in total, 73 patients with patellar 

lesions (average 5.1 cm 2 , range 1–12, SD 
2.61). They had 1.7 lesions in average (from 
1 to 4). Fifty-one (69.9 %) responded that 
they were improved or the same compared 
with the previous years, and 68 (93.2 %) 
would do the operation again. Lysholm 
score in the latest follow-up was 67.3 (range 
17–100), and Tegner-Wallgren score was 
7.9 [ 3 – 14 ].   

   (ii)    Fifty-fi ve patients sustained a patellar 
lesion without concomitant trochlear 
lesions. Eleven had also a medial femoral 
lesion and four had a lateral femoral lesion. 
Two patients had two patellar lesions. 
Forty-three (78.2 %) responded that they 
were better or the same compared with pre-
vious years, while 51 (92.73 %) would do 
the ACI again. Lysholm score in the 10–20- 
year follow-up was 69.5 (range 17–100), 
while Tegner-Wallgren score was 8.2 
[ 3 – 14 ].   

   (iii)    Thirty-nine patients (out of the 73) had an 
isolated patellar lesion (average 6.1 cm 2 , 
range 1–12, SD 2.7). Thirty-one (79.5 %) 
responded that they were improved or the 
same compared with the previous years, 
while 35 (89.7 %) would do the operation 
again. Lysholm score was 66.4 (range 
17–100), while Tegner-Wallgren score was 
7.9 [ 3 – 14 ].   

   (iv)    Thirty-seven patients had trochlear lesions 
(average 6.53 cm 2 , range 1.2–20, SD 
4.75). They had 2.3 lesions in average 
(from 1 to 4). Twenty-three (62.2 %) 

responded that they were improved or the 
same compared with the previous years, 
while 34 (92 %) would do the operation 
again. Lysholm score was 66.1 (range 
17–100), while Tegner-Wallgren score 
was 7.9 [ 3 – 14 ].   

   (v)    Nineteen of those patients sustained a 
trochlear lesions without concomitant 
patella lesions. Ten had also a medial femo-
ral lesion and fi ve had a lateral femoral 
lesion. One patient had two medial femoral 
lesions and one had a double trochlear 
lesion. Fifteen (79 %) responded that they 
were better or the same compared with pre-
vious years, while 17 (90 %) would do the 
ACI again. Lysholm score in the 10–20- 
year follow-up was 71.3 (range 43–100), 
while Tegner-Wallgren score was 8.7 
[ 5 – 14 ].   

   (vi)    Eight patients (out of the 37) had an iso-
lated trochlear lesion (average 7.38 cm 2 , 
range 2.8–15.8, SD 4.96). Eight (100 %) 
responded that they were improved or the 
same compared with the previous years, 
while all of them (100 %) would do the 
operation again. Lysholm score was 72.3 
(range 50–91), while Tegner-Wallgren 
score was 8.9 [ 6 – 14 ].   

   (vii)    Eighteen patients had kissing lesions in the 
patellofemoral joint (patellar lesion, aver-
age 3.7 cm 2 , range 1–7.5, SD 1.9; trochlear 
lesion, 6.77 cm 2 , range 1.3–20, SD 5). 
Eleven of those had also other lesions 
except from the trochlea and patella. Eight 
(44.4 %) responded that they were improved 
or the same compared with the previous 
years, while 17 (94.4 %) would do the oper-
ation again. Lysholm score was 60.9 (range 
17–100), while Tegner-Wallgren score was 
7.2 [ 3 – 10 ].      

29.4.3     Complications 

 In 92 patients no general complications were 
seen. We had no cases with deep or superfi cial 
infections or deep venous thrombosis. Focal 
complications occurred in 52 patients (56 %), 
most of them being minor. 
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 Five of the patients sustained a failure (5.4 %); 
three of the failures were due to the trochlear or 
patellar lesion (3.2 %). One of them had a revi-
sion of ACI on the trochlea, one had a revision of 
patellar lesion with carbon fi bers by another sur-
geon, and one patient had fi nally a patellectomy. 
In two of the patients, the cause of failure was a 
medial femoral condyle lesion; a revision ACI 
was performed for these cases. 

 We had 18 screw extractions which were 
expected operations; thus, they were not consid-
ered a complication. Twenty-seven patients 
(29 %) sustained a periosteal hypertrophy. Most 
of them were focal or overlapping hypertrophy or 
fi brillation or fl aps from the periosteum. About 
half of them were symptomatic. Nine had kissing 
patellofemoral lesions, and seven had concomi-
tant procedures (three including one trochlea-
plasty, one osteotomy, and one posterolateral 
corner reconstruction). In all the cases, it was 
treated with debridement of the hypertrophic 
tissue. 

 Seven cases (fi ve with patellar and two with 
kissing patellofemoral lesions) had an arthrofi -
brosis requiring arthroscopic mobilization 
shortly postoperatively. Four of them had also a 
realignment procedure, including trochlea-
plasty, and two had an ACL reconstruction dur-
ing the ACI. In one case patellectomy was 
fi nally performed. Excluding this patient, which 
was considered as failure, no clinical impact 
was noticed on the long-term follow-up evalua-
tion. Most of the arthrofi broses occurred early 
in the study. Any restriction in extension-fl exion 
was later on carefully watched, and when pres-
ent, active physiotherapy treatment was applied. 
This strategy reduced the fi nal incidence of 
arthrofi broses. 

 Three patients sustained a partial delamina-
tion. The periosteal fl aps were found delaminated 
and were removed by a arthroscopic debride-
ment. One partial graft delamination was found 
on a concomitant lesion of a medial femoral con-
dyle; the trochlear and patellar lesions of that 
patient were found intact. Two of the three cases 
had kissing lesions. There was a slight clinical 
impact for the two partial delamination patients, 
but not statistically signifi cant ( p  > 0.05). There 

were no cases with graft delamination on the 
patella or trochlea. 

 Two patients sustained a persistent bone mar-
row edema. Both of them were located on the 
medial femoral condyle, and both these patients 
had a tibial osteotomy during the ACI. One 
patient had four lesions (two on the medial femo-
ral condyle, one on the lateral condyle, and one 
on the trochlea), and the other one had a large 
lesion of medial femoral condyle and patella. No 
bone marrow edema was seen in the subchondral 
bone of the patella or trochlea. 

 Realignment procedures were associated with 
less periosteal hypertrophies (16 % in patients 
with realignment procedures, 39 % in cases with-
out realignment procedures,  p  = 0.01). On the 
other hand, realignment procedures increased the 
incidence of serious complications (failures, 
arthrofi brosis, delamination, multiple surgeries). 
Thirteen percent of cases without realignment 
procedures and 29 % from those with realign-
ment procedures sustained one of those compli-
cations ( p  = 0.05). Although periosteal 
hypertrophy was the most common complica-
tion, no impact was found on the fi nal clinical 
outcome (Tegner-Wallgren  p  = 0.4, Lysholm 
 p  = 0.1, operated again  p  = 0.3, improvement 
 p  = 0.9). 

 No association was found between the age at 
the time of the ACI or the size per lesion and any 
of the clinical outcomes.  

29.4.4     Discussion 

 Articular cartilage injuries and anterior knee pain 
are diffi cult problems to adequately diagnose and 
treat. Especially in the young and middle-aged 
patients, it is important to analyze the history, 
clinical signs, and background factors of the con-
dition. To successfully treat articular cartilage 
lesions in the patellofemoral joint is the most 
challenging task for the treating physician. The 
complexity of the mechanical function and the 
extraordinary loading acting over the joint creat-
ing compression and shearing forces has resulted 
in an increased thickness with impact resistance 
that is unique in human joints. These factors put 
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specifi c demands on the treatment for a success-
ful outcome. 

 MRI and computerized tomography with and 
without quadriceps contraction have helped a lot 
to understand the mechanisms and anatomic 
abnormalities, giving information needed for an 
optimal treatment [ 6 ,  7 ]. Articular cartilage lesions 
are much more common than earlier recognized 
and if remained undiagnosed and untreated will 
lead to osteoarthritis over time. Curl et al. found 
that over 60 % of patients who underwent arthros-
copy had articular cartilage lesions with the poten-
tial to deteriorate by enzymatic degradation and 
mechanic wear [ 8 ]. Hjelle et al. found about 20 % 
cartilage lesions on the patella and the trochlea in 
over 1,000 arthroscopies [ 1 ]. 

 Earlier treatment options of chondral lesions 
mostly resulted in fi brous tissue coverage of the 
cartilage defect area. Spongialization, drilling, 
abrasion, or microfracturing of the subchondral 
bone plate or trabecular bone creates bleeding 
into the defect area, thus bringing mesenchymal 
stem cells and fi broblasts and causing vascular-
ization. Finally, the cartilage lesion area is mainly 
covered by fi brous tissue or fi brocartilage, with 
inferior functional and mechanical properties 
compared with normal hyaline cartilage; that tis-
sue fails to withstand the subjected forces during 
daily activities and sports and is subsequently 

leading to tissue wear down. Coverage of the 
defect area by a periosteal or a perichondral 
autologous fl ap has also been tried in the past, 
unfortunately also ending up in fi brocartilage or 
bone formation [ 9 ,  10 ]. 

 Since 1987, autologous chondrocyte implanta-
tion has been used for the treatment of chondral 
lesions in the knee or other joints [ 11 – 14 ]. Isolated 
femoral lesions and osteochondritis dissecans 
have been followed for 5–11 years after ACI treat-
ment, with good/excellent result in about 90 % 
and biopsies showing hyaline cartilage in 80 % of 
the patients. In the patella, the results were ini-
tially not satisfactory with only 28 % good/excel-
lent results in 36-month follow- up [ 15 ]. Continued 
treatment with ACI combined with correction of 
background factors when indicated showed an 
improvement of the results. Contributing to this 
was also the modifi cation of the rehabilitation 
program for trochlear or patellar lesions focusing 
on early weight bearing and to closed-chain exer-
cises during the fi rst 6 months postoperatively. 
This change of treatment showed improved results 
in later follow-ups (Fig.  29.5 ) [ 4 ,  11 ,  16 – 19 ].

   Periosteal hypertrophy is the most common 
complication to the ACI technique and is treated, 
when symptomatic, with arthroscopic debride-
ment. It seems that patella and trochlea are more 
prone to hypertrophy due to the high  compression 

  Fig. 29.5    ( a ) Patellar lesion after debridement and implantation, ( b ) second-look arthroscopy 5 years after surgery. 
Patient was asymptomatic       

a b
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and friction forces during weight-bearing activi-
ties. Especially in patella-trochlea kissing lesions, 
we see hypertrophy on both articulating surfaces 
[ 15 ,  20 ]. Our study provides evidence showing 
that decreasing the applied forces on the patellar 
or trochlear cartilage lesion, with an unloading 
procedure, may decrease the incidence of perios-
teal hypertrophies after an ACI. Meticulous dis-
section, sizing, and suturing of the periosteal 
patch could also reduce the frequency of this 
complication [ 21 ,  22 ]. However, despite the high 
rate of periosteal complications reported, it seems 
that these complications can be handled 
arthroscopically when symptomatic and would 
not affect the end result. There is also literature 
suggesting that the rate of hypertrophies is also 
decreased by using collagen membranes instead 
of periosteal patch [ 20 ]. 

 From our last follow-up study of 10–20 years’ 
evaluation, it seems that correcting the back-
ground factors with realignment, stabilizing, or 
unloading procedures is improving the results 
over time (Fig.  29.6 ). Even if they may contribute 
to some complications like arthrofi brosis and 
periosteal hypertrophy, an overall improvement 
in the result was shown, along with a long-term 
durability of good results of ACI.

29.4.5        Summary 

 Despite the initial controversy about the results 
and indication for ACI in patellofemoral lesions, 
it is clear that ACI provides a satisfactory result 

even for the diffi cult cases with concomitant 
patellar instability. Our study reveals preserva-
tion of the good results and of high level of 
patients’ activities, even 10–20 years after the 
implantation. 

 Remarkable improvement of the results from 
the initial study to this last follow-up shows long- 
term durability in both isolated trochlear and 
patellar lesions and also in multiple and kissing 
lesions where an intervention could be consid-
ered as a salvage procedure. Over 90 % of the 
treated patients were satisfi ed with the ACI and 
would have the procedure again.      
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        Cartilaginous injuries of the joint surface are 
challenging to treat due to a lesser regeneration 
rate and tissue regrown ability of the chondral 
cells. Articular cartilage is an avascular tissue 
composed mainly by extracellular matrix. It is a 
highly developed tissue that supports full contact 
and movement with low friction. Single lesions 
of the chondral tissue may develop with different 
etiologies and can affect all ages. When diag-
nosed in young and active patients, total knee 
joint replacement is not recommended due to a 
high probability of early wear of the implant, 
instability, and need for an early-age joint revi-
sion. For these patients, a different option of 
treatment is needed, and articular cartilage repair 
should be done with biological tissue [ 1 ]. 

 The knee is frequently affected by cartilagi-
nous injuries, seen in 63 % of knee arthroscopies 
[ 2 ]. A signifi cant portion of those chondral 
defects is located in the patella or trochlea (17 %) 
[ 3 ]. Aroen et al. reported that 8 % of these lesions 
were located in the trochlea and 23 % in the 
patella [ 4 ]. Symptoms related to this injury usu-
ally are knee pain and joint swelling, and the 
most frequent complication is the development of 
early osteoarthrosis [ 5 ]. For this reason, repair of 
the articular cartilage lesions with a tissue with 
similar biomechanical and durability properties 
of natural cartilage is the main objective of all 
major joint preservation techniques [ 6 ]. 

 The patella is a sesamoid bone with the thick-
est cartilaginous surface of the human body. This 
wide thickness increases the articular surface 
area as well as the femoropatellar joint load 
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 distribution [ 7 – 9 ]. Daily activities generate high 
loads in this joint that can reach 6.5 times our body 
mass [ 10 ]. The normal sharing of these forces is 
affected by any full-thickness chondral injury in 
the patella, leading to the propagation of chondral 
tear, joint pain, and functional impairment of the 
knee [ 11 ]. For these reasons, osteochondral 
defects in the patella are diffi cult to treat [ 11 ]. 

 Innumerous techniques and attempts to restore 
these injuries have been reported recently, with 
varying success rates [ 1 ,  11 – 20 ]. Nonsurgical 
treatment through rehabilitation and analgesia 
techniques is the fi rst option to address pain con-
trol [ 18 ], but only surgical intervention will 
restore surface anatomy and cartilage repair. 

 Osteochondral autologous transplantation 
(AOT) was fi rst reported and developed by 
Hangody in the early 1990s [ 21 ]. He described a 
technique that uses autologous osteochondral 
graft harvested within the peripheral non-load- 
bearing zone of the knee to fi ll cartilage defects. 
Good results have been published so far with this 
technique; however, one of its limitations is the 
small availability of donor areas, restricting its 
usefulness to smaller lesions [ 22 ]. 

 AOT can restore the articular surface shape and 
stably fi lling the defect through a plug graft. 
Therefore, there will be less space for the develop-
ment of fi brocartilage, which is a natural response 
of the body to repair cartilage defects [ 17 ]. AOT is 
a well-known surgical technique to treat cartilagi-
nous femoral, trochlear, and condylar defects, but 
its application in patellar chondral injury is still a 
relative new technique [ 11 ,  14 ,  15 ,  20 ,  23 ]. 

30.1     Indications 

 Main indications for surgical repair of patellar 
chondral defects are [ 24 ]:
•    Persistent clinical symptoms such as severe 

anterior knee pain, recurrent swelling, or 
clicking  

•   Radiological and arthroscopic proof of an osteo-
chondral defect with an unstable fragment  

•   Patellofemoral osteoarthritis development  
•   Failed conservative treatment for at least 

6 months    

 Large articular cartilage lesions in the patel-
lofemoral compartment in younger patients are 
diffi cult to manage successfully. When conserva-
tive treatment fails to alleviate symptoms and 
functional limitations, surgery must be consid-
ered to treat both the cartilage lesion and any 
associated anatomic malalignment [ 25 ]. Surgical 
approaches to treat patellar cartilage injuries have 
not been reported as much as other site chondral 
lesions due to technical diffi culties related to this 
therapy and few options available for repair. 
Recently, a wide range of operative procedures 
are applied for patellar chondral repair, from a 
simple arthroscopic debridement to more inva-
sive techniques such as autologous osteochondral 
transplantation. Same stage procedures may be 
needed to repair an extensor mechanism 
malalignment or other conditions such as medial 
patellofemoral ligament insuffi ciency, excessive 
tightness of the lateral retinaculum, or miserable 
malalignment syndrome. The decision making 
process on which procedure to choose is diffi cult 
since there is no gold standard technique and no 
single technique for all types of lesion. This is 
especially true for patients younger than 50 years 
of age who have always had an active lifestyle 
and wish to restart athletic or recreational activi-
ties free of pain. AOT is the most popular tech-
nique for small- and medium-sized (1–3 cm 2 ) 
single chondral and osteochondral defects at the 
patella weight-bearing surface. There are no 
studies though relating this technique to optimal 
results for large symptomatic lesions (≥4 cm 2 ). 
The upper age limit recommended for this tech-
nique is 50 years of age, since increasing age 
diminishes repair ability of the cartilaginous tis-
sue. However, patients older than 50 years with a 
single patellofemoral lesion have been reported 
to be a candidate for this procedure.  

30.2     Descriptive Surgical 
Technique 

 A standard arthroscopic joint evaluation is car-
ried out confi rming the injury diagnosis at the 
patella joint surface. Once the defect is located, it 
is characterized and the arthroscopy is taken out 
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and switched for an open approach. A parapatel-
lar 3-cm incision is made from the apex of the 
patella to its inferior edge. This approach can be 
medialized or lateralized according to which 
patellar facet is injured (Fig.  30.1a ).

   After subcutaneous dissection to expose the 
joint capsule, an arthrotomy is then carried out, 
and the patella is inverted for a perfect visualiza-
tion of its joint surface. A K-wire is used as a 
joystick for a better exposure of the defect 
(Fig.  30.1b ). At this point, the diameter of the 
chondral injury is measured with a metric guide; 
thus, the size of the osteochondral cylinder that 
will be harvested is defi ned at the donation site 

(Fig.  30.1c ). The graft-harvesting device should 
always be a millimeter greater than the piercing 
device that will prepare the receiving site. At this 
point, the previously measured defect is drilled 
with a motor burr with the size of the designed 
diameter (Fig.  30.1d ). The plug graft is usually 
10–12 mm depth. 

 The receptor tunnel is then enlarged with an 
adequate device. After the receptor site is com-
pleted (Fig.  30.1e ), the osteochondral graft is har-
vested with a fl exed knee (Fig.  30.1f ,  g ). The 
donor site is selected in a surrounding non-load- 
bearing zone, usually superior to the femoropa-
tellar articular area. All drillings are performed 

a b c

d e f

g h i

  Fig. 30.1    Surgical technique for autologous osteochondral 
transplantation in a patellar chondral injury. ( a ) Incision 
and medial parapatellar arthrotomy. ( b ) K-wire fi xation 
working as a joystick. ( c ) Identifi cation of the osteochon-
dral injury at the medial facet of the patella. ( d ) Debulking 
of the injured site with proper devices. ( e ) Receptor site 

aspect. ( f ) Osteochondral graft harvesting at the superior 
aspect of the medial femoral condyle, outside the load 
bearing. ( g ) Osteochondral plug graft aspect before its 
implantation. ( h ) Plug implantation at the receptor site. ( i ) 
Final aspect of the procedure showing adequate defect 
fi lling cartilaginous surface alignment       
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perpendicular to the joint surface (Fig.  30.1h ). 
The osteochondral cylinder is then implanted 
until its surface is leveled with the surrounding 
joint cartilage (Fig.  30.1i ).  

30.3     Postoperative Care 

 Postoperative physical therapy care involves 
early exercises to improve knee range of motion 
on a hard surface and under water. Gait training 
under deep water starts immediately. Exercising 
on a stationary bicycle starts after 3–4 weeks, 
according to patients’ limitation and tolerance. 
This will lead to progressive muscle strengthen-
ing and sensorimotor training and stretching. 
Patients are allowed to partially weight bear over 
the operated leg for 2–3 weeks. Running is only 
allowed after 4–6 months of surgery. High-
functional- demand sports are allowed after 
6 months.  

30.4     Imaging 

 Magnetic resonance image (MRI) is the gold 
standard study to diagnose and characterize a 
chondral lesion. Through this analysis, one can 
quantify the size of the lesion as well as its 
detachment grade. This will guide the treatment 
method to be chosen. For postoperative healing 
control purposes, patients with this type of 
injury should routinely undergo a standard MRI. 
Another MRI option technique is the T2 relax-
ation time mapping MRI study to evaluate 
osteochondral bone-plug integration. While 
routine MRI allows a subjective assessment of 

cartilage changes, quantitative T2 mapping 
 provides objective data by creating a color map 
representation of the cartilage variations in 
relaxation time. We consider bone-plug integra-
tion when both the chondral surface of the plug 
and its surrounding have similar color on MRI 
(Grades III and IV). The color maps are coded 
to capture T2 values ranging from 20 to 70 ms. 
Morphologic MRI provides analysis of the 
chondral thickness maintenance and the reinte-
gration tissue in between both surfaces. Grades 
III and IV at the plug site and around it indicate 
successful integration and also show a collagen 
network    with the shape and overall structure 
similar to those seen in a regular cartilage [ 11 , 
 26 ,  27 ].  

30.5     Technique Results 

 In the authors’ previously reported experience, 33 
knees from patients (mean age 37.6 year) under-
went an AOT for a symptomatic full- thickness car-
tilaginous injury on the patellar articular surface. 

 Twenty-seven knees had only a single 10 × 15 
mm osteochondral graft implanted. Five knees 
required two graft cylinders due to a greater 
defect area. 

 The average Lysholm score [ 28 ] was 57.27 
(±19.97) preoperatively and 80.76 (±12.26) post-
operatively ( p  < 0.05). The Fulkerson question-
naire [ 29 ] had a mean preoperative score of 54.24 
(±18.89) and 80.42 (± 10.20) postoperatively 
( p  < 0.05). The average preoperative score for the 
Kujala questionnaire [ 30 ] was 54.76 (±17.61) 
points, while average postoperative score was 
75.18 (±12.47) points ( p  < 0.05) (Table  30.1 ).

   Table 30.1    Preoperative (pre-op) and postoperative (post-op) functional results. There were statistically improved 
outcomes according to Lysholm, Fulkerson, and Kujala questionnaires   

 Variable  Average  SD  Median  Minimum  Maximum   N    p  

 Lysholm (pre-op)  57   .27  19.97  58   9  98  33  <0.001 
 Lysholm (post-op)  80.76  12.26  85  51  99  33 
 Fulkerson (pre-op)  54.24  18.89  56   2  93  33  <0.001 
 Fulkerson (post-op)  80.42  10.20  82  49  95  33 
 Kujala (pre-op)  54.76  17.61  58  10  81  33  <0.001 
 Kujala (post-op)  75.18  12.47  77  49  97  33 
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   There was a statistically signifi cant differ-
ence ( p  < 0.05) between pre- and postoperative 
analyses of the SF-36 for all its items 
(Table  30.2 ).

   When the analysis between specifi c evalua-
tions of the SF-36 subscales and all others knee 
questionnaires was performed, there was a cor-
relation between the best scores for the Kujala 
with body pain, general health, and patients’ 
social and physical functioning ( p  < 0.05); 
Lysholm’s with body pain and general health 
aspect ( p  < 0.05); and Fulkerson’s with body pain, 
general health, and vitality ( p  < 0.05). 

 Six months after surgery, 83 % of the plugs 
had complete bony integration, which increased 
to 100 % 1 year postoperatively, according to 
conventional MRI (no articular surface incongru-
ence was noted) supplemented with a T2 relax-
ation time mapping technique (Grades III and IV 
for the plugs’ surface and its surroundings) 
(Fig.  30.2 ).

   Complication rate was 9 % (3 patients), all 
due to arthrofi brosis of the knee. They were all 
successfully treated with an arthroscopic joint 
release of the knee. There were no intraoperative 
complications.  

30.6     Future Perspectives 

 There is no one good evidence study in the litera-
ture comparing different techniques to treat carti-
laginous injury of the patella. The existence of 
different injury types to indicate a specifi c tech-
nique such as microfractures or autologous chon-
drocyte transplantation makes it diffi cult to obtain 
a similar sample of patients for a comparative 
study. This may be the reason there is just a scarce 
number of randomized clinical trials available 
comparing surgical techniques for  cartilaginous 
injury treatment. Thus, it is diffi cult to choose an 
optimal technique to treat most cases of patellar 
chondral injury. We agree that each technique 
needs its specifi c indication for good outcomes. 

 In the future, new studies with better quality 
are required (randomized controlled trials) in 
order to compare the different available types of 
treatment for chondral lesions in the patella. 

 From there, it will be possible to compare the 
current existing techniques, such as microfrac-
tures and autologous chondrocytes transplanta-
tion. Undoubtedly, the optimum technique will be 
able to restore the cartilage surface with the same 
characteristics that exist in the pre lesion stage.     

   Table 30.2    Preoperative (pre-op) and postoperative (post-op) SF-36 results. There were statistically improved postop-
erative scores in 7 out of 8 criteria analyzed   

 Variable  Average  SD  Median  Minimum  Maximum   N    p  

 Physical function (pre-op)  45.91  13.31  50  25   75  33  0.006 
 Physical function (post-op)  63.64  29.11  70  10   95  33 
 Role physical (pre-op)  43.94  35.37  50   0  100  33  0.001 
 Role physical (post-op)  73.48  32.44  75   0  100  33 
 Bodily pain (pre-op)  51.73  20.98  51  21  100  33  <0.001 
 Bodily pain (post-op)  72.30  24.01  78  20  100  33 
 General health (pre-op)  73.45  17.86  72  47  100  33  0.214 
 General health (post-op)  77.79  17.51  82  37  100  33 
 Vitality (pre-op)  61.97  22.08  60  20   95  33  0.004 
 Vitality (post-op)  75.45  18.13  80  25   95  33 
 Social function (pre-op)  61.70  15.91  62  38  100  33  0.017 
 Social function (post-op)  73.71  21.92  80  20  100  33 
 Role emotional (pre-op)  44.18  36.60  37.5   0  100  33  0.016 
 Role emotional (post-op)  73.99  41.22  100   0  100  33 
 Mental health (pre-op)  65.58  17.03  64  40  100  33  0.049 
 Mental health (post-op)  74.06  21.24  84  20  100  33 
 Paired Wilcoxon test results 
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31.1            Introduction 

 Hyaline cartilage has long been recognized as 
having a limited capability to heal due to the fact 
that it is avascular, because of the presence of few 
specialized cells with a low mitotic activity and 
because of the lack of undifferentiated cells that 
can promote tissue repair. Once injured, cartilage 
gradually degenerates owing to both mechanical 
and biochemical factors leading to osteoarthritis 
(OA) [ 1 ], thereby mandating surgical interven-
tion to achieve repair and to avoid subsequent 
cartilage degeneration. 

 Chondral or osteochondral lesions are fre-
quently found during knee arthroscopy. In a study 
of 1,000 patients who underwent arthroscopy, the 
prevalence of osteochondral defects was 61 %, 
while 17 % of them were located in the patello-
femoral joint (11 % patella, 6 % trochlea) [ 2 ]. 
Furthermore, patellofemoral maltracking and 
instability often acts as an undiagnosed back-
ground factor for articular cartilage lesions in the 
patella and trochlea [ 3 ].  

31.2     Autologous Chondrocyte 
Implantation (ACI) 

 ACI was fi rst introduced by Peterson [ 4 ] and rep-
resents a viable technique for cartilage full- 
thickness chondral lesion repair [ 5 – 7 ].    However, 
the apparent complexity of this technique, need-
ing the sacrifi ce of periosteal tissue, the uncertain 
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distribution of chondrocyte solution, and compli-
cations such as periosteal patch hypertrophy and 
arthrofi brosis prompted the scientifi c community 
to develop second-generation ACI [ 6 ,  8 ,  9 ]. 
However, essentially it remains a two-step proce-
dure including an arthroscopic biopsy and subse-
quent implantation of the cultured chondrocytes. 
Apart from donor site morbidity, the risks of two 
surgical procedures, and the limited quantity of 
cartilage that could be harvested, the total cost of 
surgeries, scaffold, and in vitro culture still repre-
sent the major limitation of this technique [ 10 , 
 11 ]. Also, patients who have undergone ACI for 
patellar lesions have demonstrated less satisfac-
tory results compared to the treatment of femoral 
defects [ 12 ,  13 ].  

31.3     Mesenchymal Stem Cells 
Implantation 

 A one-step surgical procedure is the order of the 
day. In this regard, the use of bone marrow aspi-
rate concentrate (BMAC) cells, which contain 
multipotent mesenchymal stem cells (MSCs) and 
growth factors (GFs), can represent a possible 
alternative to regenerate cartilage tissue. It avoids 
the fi rst surgery for cartilage biopsy and the sub-
sequent in vitro chondrocyte cell cultivation, with 
a signifi cant reduction of the cost and time of the 
treatment [ 14 – 17 ]. The rationale of this proce-
dure is to paste the BMAC into the cartilage 
defect and protect the in-growth of the neotissue 
with a user-friendly scaffold impermeable to 
cells.    This technique enhances cell-to-cell con-
tact and provides a strong chondrogenic environ-
ment utilizing a collagen I/III matrix that endorses 
chondrogenic differentiation of MSC and carti-
lage regeneration. 

 MSCs secrete bioactive molecules that stimu-
late angiogenesis and mitosis of tissue-specifi c 
and intrinsic progenitors and reduce T-cell sur-
veillance and infl ammation [ 14 ,  18 ]; other 
authors have also recognized that the presence of 
other nucleated cells is able to restore the dam-
aged tissue [ 19 ,  20 ]. This newly discovered 
capacity of MSCs to secrete bioactive factors that 

are both immunomodulatory and regenerative 
paves the way to strategies that mimic natural 
 tissue repair. The easy availability coupled with 
the self-renewal capacity and multi-lineage dif-
ferentiation potential of MSCs leading to genera-
tion of chondrogenic tissue offers a promising 
option in cartilage surgery [ 21 – 24 ]. These cells 
are characterized by their ability to adhere to 
plastic in standard culture conditions, expressing 
CD 105, CD 73, and CD 90 and lack the expres-
sion of CD 45, CD 34, CD14 or Cd11b, CD 79a 
or CD 19, and HLA-DR surface molecules [ 25 ]. 
Another crucial issue in the clinical application 
of MSCs for cartilage repair is their phenotypic 
stability. In fact, MSC-derived chondrogenic 
cells still possess a degree of plasticity and the 
tendency to proceed along the endochondral ossi-
fi cation route that can lead to calcifi cation of the 
implant [ 26 ,  27 ]. The use of collagen-based 
membrane can possibly provide a suitable envi-
ronment to maintain stable cell phenotype and 
cell stabilization into the defect.  

31.4     Application in Clinical 
Practice: Surgical Technique 

 Under regional anesthesia, in a supine position 
and with sterile preparation and draping, diag-
nostic arthroscopy should be performed to eval-
uate the condition of the joint and to precisely 
locate and size the cartilage defects. Sixty mil-
liliter of bone marrow is aspirated from the iliac 
crest using a dedicated aspiration kit and centri-
fuged using a commercially available system 
(BMAC Harvest Smart PreP2 System® – 
Harvest Technologies, Plymouth, MA) to con-
centrate the bone marrow cells 4–6 times 
(Fig.  31.1a , b). Using batroxobin enzyme 
(Plateltex®act- Plateltex SRO Bratislava, SK), 
the bone marrow concentrate is activated and a 
sticky clot material is generated. Through a mini 
arthrotomy, remove the calcifi ed layer if pres-
ent, while avoiding penetration of the subchon-
dral bone. Damaged cartilage must be removed 
until a contained and shouldered defect remains, 
which is necessary to facilitate suturing the 
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scaffold. Template the defect and then size the 
collagen membrane accordingly before pasting 
the prepared clot into the lesion. Cover the 
defect with a hyaluronan- based matrix 
(Hyalofast Anika Therapeutics, Abano T., Italy) 
in order to protect the MSCs. The membrane 

should be anchored to the surrounding cartilage 
using PDS 6-0 and sealed with fi brin glue 
(Tissucol, Baxter, Rome, Italy) (Fig.  31.2a–d ) 
after which the knee should be moved through 
the full range of motion to assess the stability of 
the membrane.

a b

  Fig. 31.1    ( a ,  b ) Aspiration of bone marrow from the iliac crest and its processing in the centrifuge       

a b

c d

  Fig. 31.2    ( a ) Prepared patellar chondral defect. ( b ) BMAC clot after activation. ( c ) Clot applied to defect, collagen 
membrane sutured with 6-0 PDS. ( d ) Application of fi brin glue to the periphery of the lesion       
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31.5         Our Experience 

 In order to assess the effi cacy of MSCs in patel-
lofemoral (PF) chondral lesions, at OASI 
Bioresearch Foundation, Milan, 15 patients, pre-
senting with chronic large full-thickness PF carti-
lage lesions, treated with BMAC and covered 
with a collagen type I/III matrix were prospec-
tively followed up for a minimum of 3 years. Ten 
males and fi ve females (mean age: 48 years; 
range 32–50 years), with average BMI of 24.8, 
who were nonprofessional athletes, were 
included. Cartilage lesions were diagnosed as 
grade 4 by ICRS classifi cation on MRI and 
arthroscopy; patients with lesions in compart-
ments other than the PF joint were excluded. 
Other exclusion criteria were tricompartmental 
OA, osteonecrosis of the knee, intra-articular ste-
roid injections within 6 months prior to surgery, 
general systemic illness, and neurovascular dis-
eases. Seven patients had lesions located at the 
patella (one of them had two patellar lesions), 
fi ve at the trochlea, and three patients had kissing 
lesions. The average cartilage lesion size per 
patient was 7.3 cm 2 , ranging from 1.5 to 18.75 cm 2  
(total lesion area). Eleven patients had coexisting 
pathologies such as tibiofemoral axial malalign-
ment, PF maltracking, anterior cruciate ligament 
(ACL) insuffi ciency, and meniscal tears, and 
these pathologies were treated before or during 
the same surgery. High tibial osteotomy (HTO) 
has been established as an effective treatment of 
the varus osteoarthritic knee in order to decrease 
the stress on the load-bearing cartilage in the 
medial compartment; however, only partial 
remodeling of the articular cartilage has been 
reported. In a recently published review, signifi -
cantly greater survival at 5 years follow-up was 
seen after HTO with articular cartilage surgery 
than after isolated HTO [ 28 ]. Therefore, correc-
tion of tibiofemoral axis malalignment is indi-
cated when articular cartilage restoration 
techniques are applied [ 29 ]. Similarly, patello-
femoral maltracking, when present, should be 
addressed in order to reduce overload of the lat-
eral patellofemoral joint and reduce the risk of 
future cartilage injuries [ 30 ]. 

 All patients followed the same rehabilitation 
protocol for at least 6 months, which is similar to 
rehabilitation after second-generation ACI, based 
on current knowledge of the graft healing biology 
and on functional criteria and therapy goal pro-
gression [ 15 ,  31 ,  32 ]. X-rays and MRI, visual 
analog scale (VAS) for pain, International Knee 
Documentation Committee (IKDC), Knee injury 
and Osteoarthritis Outcome Score (KOOS), 
Lysholm, Tegner, and Marx scores were collected 
at each follow-up. 

 All the patients showed signifi cant improve-
ment in all scores at 6-, 12-, 24-, and 36-month 
follow-up ( P  < 0.05). No adverse reactions or 
postoperative complications were noted. IKDC 
objective score showed signifi cant improvement 
in A and B subgroups from preoperative to fi nal 
follow-up (Table  31.1 ).

   Patients having single lesions and smaller 
lesions were found to have more improvement 
than patients with larger, multiple, and/or kissing 
lesions in all scores, (except for KOOS pain and 
KOOS symptom subgroups); however, the aver-
age KOOS values for these subgroups were com-
parable at fi nal follow-up. 

 Posttreatment MRI showed complete fi lling of 
the defects, while no signs of hypertrophy were 
identifi ed. Integration with adjacent cartilage was 
complete with restoration of the cartilage layer 

   Table 31.1    Clinical outcome   

 Score 
 Preoperative 
value 

 Final follow-up 
value 

 VAS  5  0.8 
 IKDC (subjective)  44.3  83.1 
 KOOS pain  66.4  94.2 
 KOOS symptoms  67.8  88.4 
 KOOS activity of 
daily living 

 69.7  94.8 

 KOOS sports  43.7  73.6 
 KOOS quality of life  38.5  76.3 
 LYSHOLM  62.1  91.7 
 MARX  3.7  9.5 
 TEGNER  2.4  5 

   VAS  visual analogue scale,  IKDC  International Knee 
Documentation Committee,  KOOS  Knee Injury and 
Osteoarthritis Outcome Score  
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and subchondral bone. We also did not identify 
edema, cysts, or sclerosis of subchondral bone 
(Fig.  31.3a–d ).

   Second-look arthroscopies in four knees 
revealed smooth, newly formed tissue with con-
tinuous intact to the healthy surrounding carti-
lage; no hypertrophy was identifi ed. The stability 
of the implant appeared similar to the adjacent 
tissue when checked with a probe [ 33 ]. 
Macroscopic evaluation showed normal to nearly 

normal as classifi ed by the ICRS visual scoring 
system. Histological examination of the biopsies 
showed the regeneration of new tissue with many 
hyaline-like cartilage features such as the pres-
ence of a noticeable proteoglycan component 
around the chondrons and also collagen type II 
content. There was a good organization of pro-
teoglycans and collagen in the extracellular 
matrix, an intact superfi cial zone, and a well- 
defi ned tidemark (Fig.  31.4 ).

a b

c d

  Fig. 31.3    ( a ,  b ) Sagittal and axial MRI scan through the knee showing patellar and trochlear chondral lesion. ( c ,  d ) 
Sagittal and axial MR images through the same knee, showing good articular continuity at fi nal follow-up       
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31.6        Advantages 

     1.    One-step surgery.   
   2.    The use of a collagen I/III-based matrix favors 

cell concentration in the defected area and 
allows early mobilization of the operated knee.   

   3.    Lower cost if compared to the standard two- 
step ACI procedures.      

    Conclusion 

 The patellofemoral joint cartilage defects can 
be diffi cult to treat. The patella is not very 
amenable to treatment with microfracture 
given the mobility of the bone. The limitations 
of ACI have generated interest in one-step sur-
gery with BMAC. Our experience with its use 
for patellofemoral cartilage lesions has been 
more than satisfactory. However, a larger 
number of patients and more randomized con-
trol trials would be essential to establish con-
clusively this relatively new option of treating 
patellofemoral cartilage lesions. Nonetheless, 
it is a very viable option for young patients 
who are not suited to undergo a metal resur-
facing procedure and may buy important years 
of activity and patient satisfaction.     
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32.1            Introduction 

 Patellofemoral disorders are a complex entity of 
conditions, resulting in cartilage lesions of the 
patella. These range from osteochondritis disse-
cans (OCD) in the young to patellofemoral osteo-
arthritis in the elderly. Chondromalacia patellae 
also result in anterior knee pain with resultant 
cartilage lesions on the patella. Early lesions may 
heal by cartilage or fi brous metaplasia [ 1 ]; how-
ever, as the disease progresses, it produces sig-
nifi cant cartilage damage, which will result in 
worsening anterior knee pain refractory to con-
servative management. 

 The treatment of patella articular cartilage 
lesions is challenging due to the complexity of 
the patellofemoral joint and the limited capacity 
to heal. For OCD lesions, arthroscopic fi xation 
with resorbable pins to stabilize the OCD has 
been advocated [ 2 ]. Marrow stimulation tech-
niques, such as microfracture, to penetrate the 
subchondral bone have also been described with 
modest results [ 3 ]. The advent of cell-based ther-
apy has brought signifi cant clinical improve-
ments to treatment of these conditions.  

32.2     Cell-Based Therapy: Current 
Methods 

 Cell-based therapy consists broadly of two meth-
ods: autologous chondrocyte implantation (ACI) 
[ 4 ,  5 ] (Figs.  32.1 ,  32.2 , and  32.3 ) and mesenchy-
mal stem cell (MSCs) implantation.
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     ACI has been clinically proven to be an effec-
tive tool; however, the treatment effect declines 
during the midterm follow-up. Gobbi et al. [ 5 ] 
reported improvements in the International 
Knee Documentation Committee (IKDC) sub-
jective scores (46.09–77.06), Tegner-Lysholm 
(2.56–4.94) and EuroQol visual analogue scale 
(56.76–78.23) at 2 years using chondrocyte 
grafts but a decline of the IKDC subjective 
scores and Tegner-Lysholm scores in patients 
with multiple and patellar lesions from 2 to 5 
years follow-up (Fig  32.4 ). There are some dis-
advantages to ACI, including general anaesthe-
sia for both harvesting and implantation and 
donor site morbidity [ 6 ,  7 ].

   When comparing ACI against MSCs, 
 treatment of articular cartilage lesions with 

 cultured bone marrow-derived MSCs (BMSCs) 
has been reported to be as effective as ACI in 
a clinical cohort study of 72 patients con-
ducted by Nejadnik et al. [ 8 ] (Fig  32.5 ). Hence, 
BMSCs have been shown to be viable for carti-
lage repair.

   The effi cacy of cultured BMSCs specifi cally 
on the patellofemoral joint has seen signifi cant 
clinical advancements in the last decade. Wakitani 
et al. investigated the clinical effectiveness of 
cultured BMSCs transplantation in treating carti-
lage defects via a case series of 9 defects in 
5 knees of 3 patients (Fig.  32.6 ). He found that 
patients’ clinical symptoms improved after 
6 months and had remained well as long as 
27 months post implantation. Histological grad-
ing of repaired cartilage shows promising fi bro-
cartilaginous tissue [ 9 ].

  Fig. 32.1    Templated graft ready for implantation by 
Gobbi et al. [ 5 ]       

  Fig. 32.2    Chondral defect after ACI by Gobbi et al. [ 5 ]       

  Fig. 32.3    Gobbi et al. [ 5 ] demonstrating good fi ll of patella 
and trochlear defects after 5 years post implantation       

  Fig. 32.4    Correlation    between the site of the lesions and 
objective IKDC scores at 2 and 5 years’ follow-up. By 
Gobbi et al. [ 5 ]       
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32.3        Cell-Based Therapy: 
Paediatric and Young Adult 
Considerations 

 To assess the effi cacy of cell-based therapy in 
children, Hui et al. conducted a clinical study 
looking at the effi cacy of cell-based therapy in 
young patients who suffer from OCD. Twenty- 
three patients (from 12 to 21 years old) who 
underwent cell-based therapy with either ACI 
(20 patients) or cultured BMSCs implantation (3 
patients) were retrospectively reviewed. 

Preoperative CT scans to assess patella sublux-
ation, tilt and congruence angle to determine 
choice of treatment were carried out. Clinical 
scores (Tegner-Lysholm, Lysholm-Gillquist) 
were evaluated at 6, 12 and 24 months postopera-
tively. They found that clinical scores were better 
globally at the end of the 24-month follow up. 
Mean IKDC score, Tegner-Lysholm outcomes 
and Lysholm-Gillquist scale improved from 45, 
2.5 and 50, respectively, at surgery to 75, 4 and 
70, respectively. Cell-based therapy was thus 
generally safe in the use for children. A signifi -
cant complication noticed in this age group was 
periosteal hypertrophy post implantation, which 
was detected in 2 patients (Fig.  32.7 ) [ 10 ].

32.4        Future Prospects: Intra- 
articular Mesenchymal Stem 
Cell Injections for Patella 
Cartilage Lesions 

 As ACI requires an additional operation for 
transplantation and coverage of the chondral 
defect, there has been a shift to using intra- 
articular injections of BMSCs instead. 
As BMSCs can be harvested at the same time 
as initial arthroscopic debridement (via iliac 

  Fig. 32.5    IKDC scores 
preoperatively and at 3, 6, 9, 
12, 18 and 24 months for both 
BMSC and chondrocyte 
groups in both genders by 
Nejadnik et al. [ 8 ]       
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  Fig. 32.6    Wakitani et al. demonstrating the use of BMSC 
transplantation in the patellofemoral joint [ 9 ]       
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crest methods), which the cultured BMSCs can 
then be introduced into the knee joint via 
 intra-articular methods with local anaesthesia, 
this leads to 1 less knee surgery, reduced costs 
and minimized donor site morbidity. 

 Steadman et al. carried out a large animal study 
looking at the effi cacy of intra-articular injections 
of MSCs in microfractured chondral defects in an 
equine model. They reported signifi cant neo-car-

tilage in the microfractured defect, which was 
maintained up to 12 months [ 11 ]. 

 Lee et al., who carried a prospective cohort 
study comparing the open technique of cartilage 
repair (including patellofemoral lesions) with 
BMSCs versus intra-articular injections of BMSCs, 
were able to demonstrate comparable effi cacy 
compared to the open technique. The study was 
also able to validate the safety of this method, with 

  Fig. 32.7    Hui et al. demonstrate hypertrophy of periosteum in paediatric cases, ( a ) was MRI performed at surgery, and 
( b ) was performed 4 months postoperatively [ 10 ]       

a b

  Fig. 32.8    ( a ) Lee et al. demonstrating the effi cacy of 
intra-articular BMSC injections for cartilage repair. 
Preoperative, a full-thickness chondral defect with sub-
chondral bone discontinuity and marrow oedema is 

seen [ 12 ]. ( b ) 1 year post intra-articular BMSC injec-
tion, the MRI shows neo-cartilage formation with good 
fi ll and signifi cant reduction in the underlying marrow 
oedema [ 12 ]       

a b
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no signifi cant clinical complications reported dur-
ing the 2-year  follow-up (Fig.     32.8 ) [ 12 ].

   To address the issue of localization of 
BMSCs to the specifi c area of the knee, such as 
the patellofemoral joint, Ochi et al. were able to 
utilize a pig model to demonstrate that magneti-
cally labelled MSCs and magnetic delivery sys-
tems are capable of targeted MSC treatment to 
specifi c parts of the knee join [ 13 ]. We currently 
await the clinical trials to demonstrate the effect 
of patients.  

    Conclusion 

 The role of MSCs in patellofemoral disorders 
has been established in recent years, with effi -
cacy comparable to ACI. Novel methods such 
as intra- articular injections of BMSCs have 
been effi cacious in various clinical studies to 
promote cartilage repair, and these are cur-
rently being evaluated for use in specifi c patel-
lofemoral disorders.     
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33.1            Introduction 

 Articular cartilage has limited intrinsic healing 
potential due to the fact that it is avascular and the 
presence of few specialized cells with a low 
mitotic activity [ 1 ]. Trauma and/or chronic irrita-
tion may lead to progressive damage, joint degen-
eration, and early osteoarthritis (OA) [ 2 ]. 
Cartilage lesions on the patellofemoral joint pres-
ent a frequent source of pain and dysfunction 
especially in active patients. Various associated 
pathologies such as objective or potential patellar 
instability, muscular dysfunction, and biome-
chanical disorders of the foot, knee, and hip 
might act as a cause of patellofemoral pain syn-
drome (PFPS), and they should be investigated 
and addressed when necessary. 

 Several conservative treatment options (such 
as oral and topical nonsteroidal anti- infl ammatory 
drugs (NSAIDs), diacerein, and intra-articular 
corticosteroids and viscosupplementation) have 
been utilized and have yielded short-term effi -
cacy and local or systemic side effects [ 3 – 6 ]. 
Platelet-rich plasma (PRP) represents a therapeu-
tic application with promising preliminary clini-
cal results [ 7 – 11 ].  

33.2     Platelet-Rich Plasma 

 PRP can be defi ned as the volume of the 
plasma fraction from autologous blood with 
platelet  concentration above baseline count 
(200,000 platelets/μl) [ 12 ]. Platelets contain 
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many important bioactive proteins and growth 
factors (GF); these factors when secreted regulate 
key processes involved in tissue repair, including 
cell proliferation, chemotaxis, migration, cellu-
lar differentiation, and extracellular matrix syn-
thesis [ 13 ,  14 ]. The rationale for topical use of 
PRP is to stimulate the natural healing cascade 
and tissue regeneration by a “supraphysiologi-
cal” release of platelet-derived factors directly at 
the site of treatment. Platelets α-granules contain 
a variety of GF including, in part, transforming 
growth factors (TGF-β1), platelet-derived growth 
factors (PDGF-BB), hepatocyte growth factor 
(HGF), basic fi broblast growth factors (b-FGF), 
epidermal growth factor (EGF), vascular endo-
thelial growth factors (VEGF), and insulin-like 
growth factor 1 (IGF-I) [ 12 ]. GF mediate the bio-
logical processes necessary for tissue repair [ 15 , 
 16 ]. Their mode of action is to bind to the extra-
cellular domain of a target growth factor recep-
tor that, in turn, activates the intracellular signal 
transduction pathways [ 17 ,  18 ]. In vitro studies 
in animal and human chondrocytes [ 14 ,  19 ] have 
demonstrated that PRP-secreted GF stimulate 
the proliferation and collagen synthesis. In clini-
cal studies therapeutic application of PRP has 
shown promising results in the treatment of car-
tilage defects [ 8 – 11 ,  20 ,  21 ]; however, the clini-
cal effi cacy of PRP still remains under debate, 
and a standardized protocol has not yet been 
established. 

 We also investigated the possible positive 
effects of PRP intra-articular injections in active 
patients with symptomatic knee chondral defects.  

33.3     Study Group 

 We prospectively followed up 50 patients (mean 
age 47.7) with symptomatic cartilage defects of 
the knee [ 11 ]. All patients (31 males and 19 
females) were treated with 2 intra-articular injec-
tions (1 monthly) with autologous PRP and fol-
lowed up for a minimum period of 1 year. 
Seventeen out of the 50 patients were presenting 
with lesions involving the patellofemoral joint: 
nine of the evaluated patients were presenting 
with multiple lesions involving patellofemoral 
joint, while eight patients were presenting with 
single lesions located on the patella or trochlea. 
Twenty-fi ve patients had undergone a previous 
operative intervention for cartilage on the treated 
knee (shaving or microfracture) at least 1 year 
before PRP treatment. Patients’ demographic 
data are provided in Table  33.1 .

   Inclusion criteria were age between 30 and 60 
years, body mass index (BMI) < 30, normal com-
plete blood count (BMC) and coagulation con-
trol, and participation in sports activities but not 
at professional level; patients with symptomatic 
osteoarthritic knees of grade 1–3 as per Kellgren- 
Lawrence classifi cation [ 22 ] and cartilage lesions 
of grade 3 and 4 as per ICRS classifi cation [ 23 ] 
evaluated by MRI and/or previous arthroscopy; 
and patients with stable knee, normal tibio-
femoral alignment, or patellofemoral tracking. 
We excluded patients with blood and systemic 
metabolic diseases or immunodefi ciency; pre-
treatment blood platelets value 25 % below the 
reference value; alcoholism, smoking, and drugs; 

   Table 33.1    Patients’ demographic data   

 Patients   n   Age (average) 
 Gender 
(male/female) 

 Site (knee) 
right/left 

 Kellgren-Lawrence 
classifi cation 

 Grade 

  1   2   3 

 All  50  47.7 ± 2.52  31/19  20/30  11  19  20 
 With previous surgery  25  44.7 ± 2.01  14/11  7/18  3  11  11 
 Without previous 
surgery 

 25  50.4 ± 2.77  17/8  13/12  8  8  9 

 Cartilage shaving  12  44.4 ± 2.39  4/8  2/10  3  6  3 
 Microfracture  13  45.0 ± 1.68  5/8  5/8  0  5  8 
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advanced and tricompartmental OA, rheumatoid 
or polyarticular arthritis, symptomatic hip and 
ankle OA, or symptomatic contralateral knee OA; 
and treatment with corticosteroids (<6 months) 
or medication that could interfere with platelet 
aggregation (<7 days). 

 The standard radiographic evaluation included 
a standing AP long-leg radiograph, including 
both hips and ankles, standing AP/lateral views 
of knees, skyline patellofemoral, and standing 
45° bend knee views. Visual analogue scale 
(VAS) for pain (0 = no pain at all to 10 = worst 
pain), International Knee Documentation 
Committee subjective and objective score 
(IKDC), Knee Injury and Osteoarthritis Outcome 
Score (KOOS), and Tegner and Marx scores were 
collected at pretreatment evaluation and at 6- and 
12-month follow-up.  

33.4     Technique 

 All patients were treated with 2 intra-articular 
injections (1 month interval between injections) 
of autologous PRP (Regen® ACR-C, Regen Lab, 
Switzerland). After extraction of 8 ml of 
 peripheral blood, the sample was centrifuged for 

9 min at 3,500 rpm according to recommendation 
of the manufacturer. Subsequently we obtained 
5 ml of PRP, and we proceeded to the intra-artic-
ular infi ltration by a supra-patellar approach, 
under sterile aseptic conditions (Fig.  33.1a–d ). 
After treatment patients were allowed weight 
bearing and were recommended the application 
of local ice for 24 h and restriction of vigorous 
activities of the knee, for at least 48 h.

33.5        Results 

 All patients showed signifi cant improvement in 
all scores at 6 and 12 months follow-up ( p  < 0.005) 
and returned to previous activities including rec-
reational sports (Table  33.2 , Figs.  33.2  and  33.3 ) 
displaying that PRP injections could represent a 
valuable treatment in patients with symptomatic 
knee cartilage defects, including lesions located 
at the patellofemoral joint. No adverse reactions 
(like swelling or acute pain) or any major compli-
cation (like infection) were noted. There was no 
signifi cant difference in improvement between 
operated patients and nonoperated patients. 
There was no signifi cant difference in improve-
ment between male and female patients.

b

a
d

c

  Fig. 33.1    Platelet-rich 
plasma preparation: ( a ) blood 
aspiration, ( b ) centrifugation 
of the blood sample for 
9 min, ( c ) fraction of PRP 
after centrifugation ( yellow 
upper part  in tube), and ( d ) 
knee intra-articular 
infi ltration       
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     An analysis of the results in patients present-
ing with single and multiple lesions on the patel-
lofemoral joint showed signifi cant improvement 
at 6- and 12-month follow-up; patients present-
ing with single lesions located either to patella or 
trochlea showed signifi cant better improvement 
than patients presenting with multiple lesions 
(Table  33.3 ).

33.6        Discussion 

 Several studies have documented the effective-
ness of PRP-derived growth factors in chondro-
genesis [ 19 ,  24 ] and prevention of joint 
degeneration [ 25 ,  26 ] by controlling the  synthesis 
and degradation of extracellular matrix proteins. 

100
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PRE INJECTION
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  Fig. 33.2    Diagram showing KOOS 
improvement from preinjection 
evaluation to 6- and12-month 
follow-up in all patients ( p  < 0.005)       
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  Fig. 33.3    Box plots showing the difference in improvement between operated and nonoperated patients in ( a ) VAS and 
( b ) KOOS       
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Nakagawa et al. [ 14 ] have reported the in vitro 
effi cacy of autologous PRP in stimulating the 
proliferation and collagen synthesis of human 
chondrocytes, suggesting the use of this method 
in the treatment of cartilage defects. Kon et al. 
[ 7 ] have reported few interesting observations in 
their studies on PRP treatment in patients with 
chronic symptomatic degenerative condition of 
the knee: they demonstrated positive effects on 
the function and symptoms especially in patients 
with median age less than 60 years. However, in 
another study they also reported deterioration of 
results over 12–24 months of follow-up [ 9 ]. 
Other authors [ 8 ,  10 ,  27 ] also used intra-articular 
injections of PRP in patients with knee OA and 
presented good short-term results without pro-
voking local or systemic adverse events. In 
accordance with the abovementioned results, all 
our patients showed signifi cant improvement, 
which remained same at 1-year follow-up. 
Additionally, no deterioration of the results was 
noted at 1-year follow-up; a possible explanation 
might be that we included younger patients, 
while knees with advanced osteoarthritis were 
excluded. Furthermore, we didn’t include 
patients presenting with associated pathologies 
such as knee instability and tibiofemoral and 
patellofemoral malalignment that can affect the 
clinical outcome and predispose to OA while 

increasing functional loads on the knee [ 28 ,  29 ]. 
Patients who had undergone previous cartilage 
shaving or microfracture also showed favorable 
results, indicating that PRP could be considered 
as an adjuvant in postoperative treatment of these 
patients. However, we should remark that plate-
let concentration varies widely in end-product 
PRP prepared by the different commercially 
available systems [ 12 ] and the impact on the effi -
cacy of the PRP product is as yet relatively 
understudied; the differences in PRP products in 
terms of centrifugation protocols, platelets con-
centration, and presence of other cells – like leu-
cocytes and erythrocytes – could be a possible 
reason for the different results in various clinical 
applications [ 30 ]. 

 PRP represents a user-friendly therapeutic 
application, which is well tolerated and shows 
encouraging preliminary clinical results in active 
patients with symptomatic chondral defects of the 
knee involving patellofemoral joint. Therefore, 
PRP treatment would be benefi cial in patients 
with patellofemoral pain and damage to the 
underlying cartilage, in terms of improving symp-
toms, function, and activity level. However, it is 
essential to investigate and assess, in advance, all 
the possible contributing factors such as overuse 
and overload of the patellofemoral joint, biome-
chanical problems, and muscular dysfunction.     

   Table 33.3    Summary of clinical outcome for patients with single and multiple chondral lesions involving  patellofemoral 
(PF) joint   

 Single PF lesions  Multiple lesions including PF 

 Variable a   Pretreatment  6 months  12 months  Pretreatment  6 months  12 months 

 VAS  3.2 ± 0.3  1.3 ± 0.2  1.0 ± 0.2  3.5 ± 0.4  1.6 ± 0.3  1.4 ± 0.3 
 KOOS pain  72.3 ± 2.4  86.8 ± 2.7  92.6 ± 2.3  70.0 ± 2.7  81.9 ± 3.6  86.1 ± 3.7 
 KOOS 
symptoms 

 74.1 ± 2.8  86.0 ± 1.3  92.8 ±1.7  70.2 ± 2.0  80.8 ± 4.3  83.1 ± 4.0 

 KOOS ADL  81.6 ± 2.1  93.1 ± 1.2  95.9 ± 0.9  77.8 ± 3.9  87.6 ± 2.1  91.8 ± 3.5 
 KOOS sport  44.9 ± 3.7  65.8 ± 5.8  70.5 ± 3.2  42.6 ± 3.8  57.8 ± 6.0  62.5 ± 7.3 
 KOOS QOL  46.8 ± 4.9  50.8 ± 3.7  72.9 ± 4.5  44.8 ± 3.7  48.2 ± 3.9  70.1 ± 5.3 
 IKDC 
subjective 

 52.6 ± 3.0  70.4 ± 2.3  80.5 ± 2.1  51.1 ± 4.5  65.3 ± 3.1  74.4 ± 2.3 

 IKDC 
objective 

 0A/3B/5C/0D  4A/3B/1C/0D  5A/3B/0C/0D  0A/4B/4C/1D  3A/3B/3C/0D  5A/2B/2C/0D 

 Marx  4.8 ± 0.7  8.6 ± 1.6  10.8 ± 0.8  4.0 ± 0.4  6.6 ± 0.4  9.8 ± 1.0 
 Tegner  2.5 ± 0.5  4.8 ± 0.6  5.5 ± 2.3  2.8 ± 0.4  3.9 ± 0.4  4.8 ± 1.0 

   a The variables are described as mean ± standard error of the mean (SEM)  

G. Karnatzikos et al.



259

   References 

    1.    Hunter W. Of the structure and disease of articulating 
cartilages. 1743. Clin Orthop Relat Res. 1995;317:3–6.  

    2.    Mankin HJ. The response of articular cartilage to 
mechanical injury. J Bone Joint Surg Am. 1982;
64(3):460–6.  

    3.    Bellamy N, Campbell J, Robinson V, Gee T, et al. 
Intraarticular corticosteroid for treatment of osteoar-
thritis of the knee. Cochrane Database Syst Rev. 
2006;2, CD005328.  

   4.    Habib GS. Systemic effects of intra-articular cortico-
steroids. Clin Rheumatol. 2009;28(7):749–56.  

   5.    Habib GS, Saliba W, Nashashibi M. Local effects of 
intra-articular corticosteroids. Clin Rheumatol. 
2010;29(4):347–56.  

    6.    Zhang W, Nuki G, Moskowitz RW, Abramson S, et al. 
OARSI recommendations for the management of hip 
and knee osteoarthritis: part III: Changes in evidence 
following systematic cumulative update of research 
published through January 2009. Osteoarthritis 
Cartilage. 2010;18(4):476–99.  

     7.    Kon E, Buda R, Filardo G, Di Martino A, et al. 
Platelet-rich plasma: intra-articular knee injections 
produced favorable results on degenerative cartilage 
lesions. Knee Surg Sports Traumatol Arthrosc. 
2010;18(4):472–9.  

     8.    Sampson S, Reed M, Silvers H, Meng M, 
Mandelbaum B. Injection of platelet-rich plasma in 
patients with primary and secondary knee osteoarthri-
tis: a pilot study. Am J Phys Med Rehabil. 2010;
89(12):961–9.  

    9.    Filardo G, Kon E, Buda R, Timoncini A, et al. Platelet- 
rich plasma intra-articular knee injections for the 
treatment of degenerative cartilage lesions and osteo-
arthritis. Knee Surg Sports Traumatol Arthrosc. 
2011;19(4):528–35.  

    10.    Wang-Saegusa A, Cugat R, Ares O, Seijas R, et al. 
Infi ltration of plasma rich in growth factors for osteo-
arthritis of the knee short-term effects on function and 
quality of life. Arch Orthop Trauma Surg. 2011;
131(3):311–7.  

      11.    Gobbi A, Karnatzikos G, Mahajan V, Malchira S. 
Platelet-rich plasma treatment in symptomatic 
patients with knee osteoarthritis: preliminary results 
in a group of active patients. Sports Health. 2012;4(2):
162–72.  

      12.    Mazzucco L, Balbo V, Cattana E, Guaschino R, et al. 
Not every PRP-gel is born equal. Evaluation of growth 
factor availability for tissues through four PRP-gel 
preparations: FibrinetR, RegenPRP-KitR, PlateltexR 
and one manual procedure. Vox Sang. 2009;97(2):
110–8.  

    13.    Bennett NT, Schultz GS. Growth factors and wound 
healing: biochemical properties of growth factors and 
their receptors. Am J Surg. 1993;165(6):728–37.  

      14.   Nakagawa K, Sasho T, Arai M, et al. Effects of autol-
ogous platelet-rich plasma on the metabolism of 
human articular chondrocytes. Osteoarthr Cartil. 
2007;15(Suppl 2):B134  

    15.    Anitua E, Sanchez M, Nurden AT, et al. New insights 
into and novel applications for platelet rich and fi brin 
therapies. Trends Biotechnol. 2006;24(5):227–34.  

    16.    Anitua E, Sanchez M, Οrive G, Andia I. The potential 
impact of the preparation rich in growth factors 
(PRGF) in different medical fi elds. Biomaterials. 
2007;28:4551–60.  

    17.    Lieberman JR, Daluiski A, Einhorn TA. The role of 
growth factors in the repair of bone. Biology and clin-
ical applications. J Bone Joint Surg Am. 2002;84- 
A(6):1032–44. Review.  

    18.    Tabata Y. Tissue regeneration based on growth factor 
release. Tissue Eng. 2003;9 Suppl 1:S5–15. Review.  

     19.    Akeda K, An HS, Okuma M. Platelet rich plasma 
stimulates porcine articular chondrocyte proliferation 
and matrix biosynthesis. Osteoarthritis Cartilage. 
2006;14(12):1272–80.  

    20.    Lopez-Vidriero E, Goulding KA, Simon DA, Sanchez 
M, et al. The use of platelet-rich plasma in arthros-
copy and sports medicine: optimizing the healing 
environment. Arthroscopy. 2010;26(2):269–78.  

    21.    Sánchez M, Anitua E, Orive G, Mujika I, Andia I. 
Platelet-rich therapies in the treatment of orthopaedic 
sport injuries. Sports Med. 2009;39(5):345–54.  

    22.    Kellgren JH, Lawrence JS. Radiological assessment of 
osteo-arthrosis. Ann Rheum Dis. 1957;16(4):494–502.  

    23.   Brittberg M, Aglietti P, Gambardella R, et al. 
International Cartilage Repair Society (ICRS) classi-
fi cation. The ICRS clinical cartilage injury evaluation 
system .  Presented at the International Knee Society 
Meeting, Sweden; 2000.  

    24.    Wu W, Chen F, Liu Y, Ma Q, et al. Autologous inject-
able tissue-engineered cartilage by using platelet-rich 
plasma: experimental study in a rabbit model. J Oral 
Maxillofac Surg. 2007;65(10):1951–7.  

    25.    Frisbie D, Kawcak C, Werpy N, et al. Clinical bio-
chemical and histological effects of intraarticular 
administration of autologous conditioned serum in 
horses with experimentally induced osteoarthritis. 
Am J Vet Res. 2007;68(3):290–6.  

    26.    Saito M, Takahashi KA, Arai Y, Inoue A, et al. 
Intraarticular administration of platelet-rich plasma 
with biodegradable gelatin hydrogel microspheres 
prevents osteoarthritis progression in the rabbit knee. 
Clin Exp Rheumatol. 2009;27(2):201–7.  

    27.   Cugat R, Carrillo JM, Serra I, et al. Articular cartilage 
defects reconstruction by plasma rich growth factors. 
In Zanasi S et al. (eds.)., Basic science, clinical repair 
and reconstruction of articular cartilage defects: cur-
rent status and prospects. Bologna, Italy. TIMEO. 
2006:801–7.  

    28.    Block JA, Shakoor N. Lower limb osteoarthritis: bio-
mechanical alterations and implications for therapy. 
Curr Opin Rheumatol. 2010;22(5):544–50.  

    29.   Gomoll A, Farr J. Future developments in cartilage 
repair. In: Cole B, Gomoll A, editors. Biologic joint 
reconstruction. Thorofare: SLACK Incorporated.  

    30.    Harrison S, Vavken P, Kevy S, Jacobson M, et al. 
Platelet activation by collagen provides sustained 
release of anabolic cytokines. Am J Sports Med. 
2011;39(4):729–34.      

33 Platelet-Rich Plasma for the Treatment of Symptomatic Patellofemoral Cartilage Lesions



261A. Gobbi et al. (eds.), The Patellofemoral Joint,
DOI 10.1007/978-3-642-54965-6_34, © ISAKOS 2014

34.1            Introduction 

    Articular cartilage injury in patellofemoral joint 
presents a clinical challenge and has been iden-
tifi ed as a cause of pain, dysfunction and pro-
gressive joint degeneration. Any concomitant 
pathology such as objective or potential patellar 
instability, muscular dysfunction and biomechan-
ical disorders of the foot and hip can act as a cause 
of patellofemoral pain syndrome (PFPS) and 
they should be investigated and addressed when 
necessary. Cartilage has a poor intrinsic healing 
potential [ 1 ]. Therefore, when left untreated carti-
lage lesions can progress and lead to chondroma-
lacia and early osteoarthritis (OA) [ 2 ]. Research 
today is moving toward preventive interventions 
and cost-effective treatments in order to fi nd a 
way to improve clinical outcomes and retard the 
progression of OA thereby delaying the need for 
total joint replacement. 

 Recently, the use of pulsed electromagnetic 
fi elds (PEMFs) has received attention for the 
treatment of osteoarthritis and symptomatic focal 
cartilage lesions of the knee. In vitro and in vivo 
studies have demonstrated that PEMFs have the 
ability to infl uence cartilage metabolism through 
pro-anabolic and anti-catabolic activities [ 3 – 8 ]. 
PEMFs were introduced in the clinical setting in 
the 1970s. Although it has been proven to be a 
successful method in fracture healing (non-union 
and delayed union) [ 9 ], the effects on knee OA 
are equivocal, with several investigations 
 reporting confl icting results [ 10 – 15 ]. Trock et al. 
[ 15 ] in a randomized clinical trial that included 86 
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patients treated with PEMFs versus placebo for 
knee OA reported signifi cant improvements in 
symptoms and ADL in the PEMFs group. On the 
other hand, Thamsborg et al. [ 14 ] conducted a 
randomized clinical trial (83 patients) and did not 
demonstrate signifi cant differences in the out-
come scores in the group treated with PEMFs 
compared to a placebo group. However, a recent 
meta-analysis that included nine randomized 
clinical trials with a total of 483 patients con-
cluded that evidence of a benefi cial effect of 
PEMFs on functional outcomes in patients with 
knee OA exists [ 16 ]. PEMFs have also been 
applied in patients undergone knee arthroscopy 
for cartilage lesions. Zorzi et al. [ 17 ] in a random-
ized clinic trial evaluating the outcomes of 
arthroscopic chondroabrasion or perforation fol-
lowed by treatment with PEMF showed that the 
treatment with PEMFs aided patient recovery 
after arthroscopic surgery, reducing the use of 
NSAIDs. The use of PEMFs was associated to 
improved functional outcomes with a long-term 
effect. 

 We also investigated the effi cacy of the treat-
ment with PEMFs in a group of active individuals 
presenting with symptomatic cartilage lesions of 
the patellofemoral joint [ 18 ].  

34.2     Study Group 

 Twenty-two subjects (11 males and 11 females) 
with symptomatic cartilage lesions of the knee 
were treated with PEMFs according to the proto-
col presented below and prospectively followed 
up. Eighteen patients had single lesions while 4 
had multiple; among them 7 patients were pre-
senting with single patellar lesions. Patient demo-
graphics and localization of cartilage lesions are 
reported in Table  34.1 .

   Patients were included according to the 
 following criteria: age between 30 and 60 years; 
grade 2 or 3 cartilage lesion according to the 
ICRS classifi cation [ 19 ], evaluated by MRI and 
previous arthroscopy; symptomatic with  functional 
limitations; sports participation (recreational); and 
 minimum 2 year follow-up. Exclusion criteria 
were malalignment of the lower limbs (varus-val-
gus greater than 8° from physiological); knee 

instability or patellofemoral maltracking; previous 
knee surgery (including arthroscopy performed 
within 6 months prior to treatment); previous 
intra-articular injections with corticosteroid, PRP, 
or hyaluronic acid (within 6 months prior to the 
study); infl ammatory arthritis; smoking habits 
(>20 cigarettes/day); severe cardiovascular dis-
ease; and body mass index >30. 

 Visual analog scale (VAS) for pain, 
International Knee Documentation Committee 
(IKDC) objective, Tegner, Knee Injury and 
Osteoarthritis Outcome Score (KOOS) scores 
were recorded before treatment, then at 1- and 
2-year follow-up. Primary outcomes of the study 
were pain relief, improvement of symptoms, and 
improvement of activity level. 

34.2.1     Treatment Protocol 

 All patients underwent biophysical treatment 
with PEMFs (I-ONE therapy, IGEA S.p.A., 
Carpi, Italy), see Fig.  34.1 . The protocol included 

   Table 34.1    Patients’ demographics and localization of 
cartilage lesions   

 Variables  Data 

 Number of patients  22 (11 male/11 female) 
 Mean age  48.1 ± 2.6 (range: 30–60) 
 Mean follow-up (years)  2.1 
 Age ≥ 45 years  12 
 Age < 45 years  10 
 Single lesions  18 (7 PAT, 7 MFC, 1 MTP, 

1 LFC, 2 LTP) 
 Multiple lesions  4 (3 LFC/LTP, 1MFC/MTP) 

   Abbreviations :  PAT  patella,  MFC  medial femoral condyle, 
 LFC  lateral femoral condyle,  LTP  lateral tibial plateau, 
 MTP  medial tibial plateau  

  Fig. 34.1    I-ONE PEMFs generator       
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a 4-h treatment per day, for a total of 45 days. The 
treatment could also be divided into two applica-
tions of 2 h each, at different times of the day. 
The maximum intensity of magnetic fi eld was 
1.5 mT and frequency 75 Hz.

34.3         Results 

 Patients showed a signifi cant improvement in all 
scores at 1-year follow-up ( p  = 0.008). At 2-year 
follow-up, results deteriorated but were still 
superior to pretreatment levels ( p  = 0.02) 

(Figs.  34.2 ,  34.3  and  34.4 ). The mean values 
obtained in KOOS, VAS and Tegner scores 
before treatment, at 1 and 2 year follow-up are 
presented in Table  34.2 . The analysis of IKDC 
objective score demonstrated improvement at 
1-year follow-up, while a decline was seen at 2 
years follow-up. Pretreatment IKDC objective 
resulted B in 2 patients, C in 18, and D in 2 
(A = normal; B = nearly normal; C = abnormal; 
D = severely abnormal). After 1-year follow-up, 
the IKDC objective score was A in 7 patients, B 
in 13, and C in 2, while at 2 years the IKDC 
objective resulted A in 5 patients, B in 7 patients, 
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  Fig. 34.2    Trend of KOOS score 
improvement from pretreatment 
to 1- and 2-year follow-up       
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  Fig. 34.3    VAS scale before 
treatment, at 1- and 2-year 
follow-up: overall results and 
results in the subgroups 
of patients under 45 years old 
and over 45 years old       
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C in 9 patients, and D in 1 patient. An analysis of 
the results in patients under 45 years old revealed 
better outcomes in this subgroup compared to 
patients over 45 years of age (Figs.  34.3  and 
 34.4 ). Patients presenting with single lesions on 
the patella or the medial femoral condyle (MFC) 
showed signifi cant improvement at 1-year fol-
low- up; however, results deteriorated at 2 years. 
Patients presenting with MFC lesions showed 
better improvement than patients presenting with 
patellar lesions (Table  34.3 ).

       No adverse reactions or side effects were seen. 
All the patients were compliant with the pre-
scribed treatment protocol.  

34.4     Discussion 

 All patients showed statistically signifi cant 
improvement in pain, symptoms, quality of life, 
and activity level after PEMFs treatment. The 
scores signifi cantly declined at 2-year follow-up, 
but the values were still higher than pretreatment 
levels. At fi nal follow-up, the level of satisfaction 
was high and 85 % of patients stated that they 
would like to repeat the treatment in case to pre-
serve the clinical improvement. These fi ndings 
have a clinical relevance suggesting the need to 
repeat the treatment after 1 year. Interestingly, we 
observed superior outcomes in younger patients. 
Subjects younger than 45 years of age displayed 
higher scores in all of the scales that were evalu-
ated and resumed regular sport participation. 

 We believe the posttreatment improvement is 
related to a reduction of the anti-infl ammatory 
and chondroprotective action over time. The 
mechanism of action is also known and has been 
demonstrated in several in vitro and in vivo stud-
ies [ 3 – 8 ,  20 ,  21 ]. The anti-infl ammatory effect of 
PEMFs is associated with the modulation of ade-
nosine A 2A  receptors through upregulation, as 
demonstrated in both bovine and human chon-
drocytes and synovial fi broblast [ 7 ,  21 ]. The 
modulation of these receptors having anti- 
infl ammatory activity is considered to be one of 
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  Fig. 34.4    Tegner score before 
treatment, 1- and 2-year 
follow-up: overall results and 
results in the subgroups of 
patients under 45 years old and 
over 45 years old       

   Table 34.2    Clinical outcome: overall results   

 Variable  Pretreatment  1 year  2 years 

 KOOS pain  52.4 ± 4.9  89.7 ± 4.3  75.9 ± 3.6 
 KOOS 
symptoms 

 55.2 ± 5.0  87.5 ± 3.5  72.2 ± 3.7 

 KOOS ADL  53.3 ± 5.6  94.8 ± 2.9  72.9 ± 3.9 
 KOOS sport  28.0 ± 5.9  75.4 ± 6.2  61.4 ± 5.5 
 KOOS QOL  35.6 ± 4.5  80.5 ± 4.7  66.8 ±6.1 
 VAS  5.6 ± 0.3  1.3 ± 0.4  2.2 ± 0.6 
 Tegner  2.5 ± 0.5  4.5 ± 0.5  3.8 ± 0.5 

   Note : The variables are expressed as mean ± SEM (stan-
dard error of the mean) 
  Abbreviations :  VAS  visual analog scale,  KOOS  Knee 
injury and Osteoarthritis Outcome Score,  ADL  activities 
of daily living,  QOL  quality of life  
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the mechanisms by which the PEMF counteracts 
the effect of pro-infl ammatory cytokines in 
explants of cartilage and synovial fi broblasts and 
prevents the progression of OA [ 3 ,  7 ,  8 ]. On the 
other hand, PEMFs through the synergy with 
insulin-like growth factor 1 (IGF-1) exerts a pro- 
anabolic activity enhancing chondrogenic differ-
entiation and synthesis of extracellular matrix 
component, as shown in both human and bovine 
models [ 5 ,  6 ,  22 ]. On a macroscopic level, in vivo 
studies conducted on Dunkin Hartley guinea pigs 
showed that PEMFs were able to reduce tissue 
fi brillation, preserve cartilage thickness, and pre-
vent the sclerosis of the subchondral bone in lat-
eral and medial compartment of the knee [ 8 ,  23 ]. 

 This investigation showed that the use of 
PEMFs in a group of athletically active individu-
als with symptomatic cartilage lesions of the 
knee, including patients with isolated patellar 
lesions, led to signifi cant improvement in symp-
toms, pain, function, and activity level at 1-year 
follow-up. We observed a signifi cant decline in 
the outcome scores at 2 years follow-up. PEMFs 
represent a valid alternative to other conservative 
treatments, with the advantage of being free of 
side effects and well accepted by the patients.     
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35.1           Anterior Knee Pain 

    Patellofemoral    pain syndrome (PFPS) is a vague, 
diffuse term which is employed when there is 
pain or dysfunction in the anterior aspect of the 
knee with unknown origin or cause. This anterior 
pain is only a symptom and it is also known as 
anterior knee pain syndrome (AKPS). 

 Chondromalacia    patellae and patellar chon-
dropathy also occur with anterior knee pain but 
are different from AKPS and PFPS as they 
include cartilage lesions. 

 The literature lists 56 factors that cause AKPS 
which are tied to the diagnosis [ 1 ]. 

35.1.1    Injury History 

 Pain may be described as:
    (a)    Peripatellar or retropatellar that changes with 

sport and going up or down the stairs.   
   (b)    Associated with functional weakness; this 

impedes playing soccer.   
   (c)    Accompanied by creeking/crackling noises at 

the femoropatellar joint. Sometimes noises 
are present without pain.   

   (d)    At the distal pole of the patella due to over-
loading which creates insertion tendinopathy. 
Sometimes    this pain, during growth periods, 
is in the anterior tibial tuberosity (ATT), and 
this condition may develop into Osgood-
Schlatter disease.      
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35.1.2    Clinical Examination 

 The anamnesis is essential for a good diagnosis, 
as sometimes it is complicated and diffi cult, 
although in the soccer player, as with all athletes, 
pathology due to overloading should be kept 
in mind.
    1.    Orthostatic Examination 

 The exam is to be performed with the patient 
in underwear and barefoot: One should exam-
ine at the iliac crests to rule out lower extrem-
ity dysmetria. 

 Stand in front of the player with eyes 
focused on the knees, to see if any rotational 
alteration exists: femur, tibia, patella, etc. 

 Check    for foot arches, fl at feet, valgus 
deformity, forefoot or rearfoot rotation, etc.   

   2.    Dynamic Examination 
 Invite the patient to walk and observe if the 
gait cycle is normal, if there are any altera-
tions like lameness, etc. 
 Then with the patient supine, both knees are 
explored and compared: Start with inspection, 
palpation, and the quadriceps trophism cir-
cumferential measurement, comparing the 
two thighs to see if there is a degree of atro-
phy, which is usually seen in most patellofem-
oral pain cases. With any knee problem that 
involves some quadriceps atrophy, pain at the 
inferomedial fi bers close to the patellar tendon 
is evident quite frequently. If pain is not elimi-
nated, rebalancing of the quadriceps becomes 
diffi cult in soccer players.      

35.1.3    Complementary Examinations 

     (a)    Radiological studies help in two ways: They 
strengthen the diagnosis and rule out certain 
diseases. 

 The radiographs requested are:
 –    AP of both knees  
 –   Axial view of both patellas at 30°  
 –   Profi le views of both knees    

 The images taken in the axial radiographs 
show the types of patellar and trochlear disor-
ders and can help diagnose trochlear dyspla-
sia, calcifi cation in the medial patella, signs of 

chronic medial patellar retinaculum tear, 
bipartite patella, etc. 

 The images taken in the profi le radiographs 
show the positioning of the patella: normal, 
high, or low.   

   (b)    CT scan helps to examine the bones and bone 
axis.   

   (c)    MRI is useful for studying the cartilage, sub-
chondral bone, and soft tissue (Fig.  35.1 ).

       (d)    Ultrasonography is useful for the study of 
soft tissues, tendons, ligaments, muscles, and 
the vascular system. It allows for static and 
dynamic examination.      

35.1.4    Treatment 

   Conservative 
   1.    Physiotherapy, ultrasound, electrotherapy.   
   2.    Intra-articular injection of growth factors.   
   3.    Rehabilitation: All lower extremity muscle 

groups should be worked out, seeking a balance 
between groups and insisting on stretching 
exercises and strengthening of the quadriceps.   

   4.    Readaptation on the soccer pitch with total 
and integral preparation allowing for return to 
sport.     
 If the cause of the pain is known, then of 

course this knowledge should be acted upon (e.g., 
osteochondral injury to the trochlea or patella). 

 Upon returning to the sport, the athlete should 
continue with maintenance exercises as one 
should be in shape to play the sport!   

  Fig. 35.1    Patellar osteochondral defect       
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35.2    Patellar Dislocation 

 In soccer, there are three types of patellar or 
 femoropatellar dislocations:

 1.  Primary traumatic patellar dislocation  without 
apparent anatomic alterations. It occurs in few 
cases. Conservative treatment in amateurs and 
surgical treatment in professionals. 

 2.  Primary traumatic patellar dislocation with 
anatomic alterations . It is most often associated 
with patellofemoral dysplasia and patella alta. 
Treatment is surgical and for those not wishing to 
undergo surgery there are conservative options like 
orthoses and rehabilitation, however if the latter 
fails, treatment is surgical. 

 3.  Recurrent dislocation . Surgical treatment. 

35.2.1      History 

 The soccer player usually presents with:
    1.    Primary or acute dislocation of the patella   
   2.    Several episodes of subluxation or dislocation 

of the patella       

35.3    Acute Dislocation 

35.3.1    Anatomy and Biomechanics 

 The articular mobility of the patella is condi-
tioned by:
    1.    Bony anatomy of the patella and trochlea   
   2.    The capsuloligamentous apparatus   
   3.    The muscle-tendon complex   
   4.    Lower extremity alignment [ 2 ,  3 ]     

 The patellofemoral retinacular ligaments are 
important stabilizers of the patella, especially the 
medial patellofemoral ligament (MPFL) which is 
the primary ligamentous stabilizer against lateral 
dislocation of the patella between 20° and 30° 
fl exion [ 4 ,  5 ]. The lateral aspect of the femoral 
trochlea is also a patellar stabilizer as when the 
patella is within the trochlear groove, the lateral 
aspect provides the principal resistance for the 
patella not to dislocate laterally [ 6 ]. 

 There are several studies on the infl uence 
lower limb alignment has on patellar instability. 
Fithian et al. [ 5 ] show that the alignment of the 
lower extremity and the femoropatellar joint 

themselves alone may not be the cause of a 
 patellar dislocation, without the coexistence of a 
soft tissue insuffi ciency, hyperlaxity, or injury.  

35.3.2    Injury Mechanism 

     1.    Sudden change of direction. When the right 
foot is planted fi rmly on the ground, the body 
moves to the left with slight valgus-fl exion of 
the knee, the femur rotating internally, and the 
tibia rotating externally. This is the most com-
mon mechanism.   

   2.    Direct blow to the medial aspect of the patella 
which dislocates externally.   

   3.    Blow to the lateral side of the knee with the 
knee in forced valgus, producing a lateral 
dislocation.     
 When the soccer player arrives at the hospital, 

the patella has in most cases already been 
reduced, and the player explains that a member of 
medical staff reduced it on the fi eld and that the 
knee was in fl exion and that a bruise appeared on 
the lateral side. Sometimes the players explain 
that the dislocation reduced spontaneously.  

35.3.3    Examination 

     1.    Moderate joint effusion is usually observed. If, 
on the contrary, there is a large amount of artic-
ular fl uid and tension and the player describes 
that the knee swelled up rapidly, then an osteo-
chondral fracture should be suspected.   

   2.    Pain upon palpation on the medial aspect of 
the patella and an injury to the MPFL that can 
be at the adductor tubercle, at the patellar 
insertion, or all the way along. Injury can also 
be found in the most oblique fi bers of the vas-
tus medialis.      

35.3.4    Complementary Examinations 

    To certify osteochondral fracture, radiological 
examination is mandatory.  

  For examining soft tissue, MRI and ultrasonogra-
phy exams are effective (Fig.  35.2 ).
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35.3.5          Treatment 

 Players with open physis: 
 Conservative treatment is only followed in 

very young soccer players with open physis, 
from 10 to 13 years old, and only when radiologi-
cal femoropatellar parameters are near to normal 
for patellar location: no patella alta or trochlear 
dysplasia. 

 In young players who have followed conser-
vative treatment – rehabilitation and retraining 
but suffer redislocation – or have a sense of insta-
bility that keeps them from playing soccer, they 
will have to undergo surgical treatment: elective, 
informed, and consented. 

 The objective of surgery is to restore the 
 anatomy, with reconstruction of the MPFL as 
one of the preferred options [ 7 ] (Figs.  35.3 ,  35.4  
and  35.5 ).

     Due to the high incidence of redislocation in 
young soccer players, with open physis, it is 
believed that better and more extensive studies of 
the incidence factors are needed in these 
redislocations. 

 If an osteochondral fragment is diagnosed with 
patellar dislocation, the recommended treatment is 
surgical. If the fragment is large, it must be set, and 
if small, it should be removed via arthroscopy. 

 Post-surgery, the extremity is immobilized in 
extension for 3–4 weeks, a rehabilitation  program 
is followed, and the player progressively returns 
to playing soccer.   

  Fig. 35.2    MPFL avulsion tear         Fig. 35.3    MPFL avulsion from the femur       

  Fig. 35.4    MPFL suture       

  Fig. 35.5    PRGF injection       
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35.4    Recurrent Dislocation 

35.4.1    Injury History 

 Did the patella come out of place? Is this the fi rst 
time or have there been previous episodes? Did it 
go back in place alone? Quickly? Was it reduced 
with help? Did it occur after suffering a blow or 
traumatism? Did the knee swell up: immediately/
quickly or only later? Did it occur during an acci-
dental sprain or distension? 

 The injury mechanism for patellar disloca-
tion and anterior cruciate ligament rupture is a 
sprain, strain or twist with the knee in valgus-
fl exion, internal femoral rotation, and external 
tibial rotation; the differential diagnosis should 
be performed.  

35.4.2    Examination 

 With the patient supine, both knees are examined 
and compared. Start with inspection, palpation, 
and the quadriceps circumferential measurement, 
comparing the two thighs to see if there is a 
degree of atrophy. 

 It is followed by examination of:
    (a)    Patellar refl ex to know if there is joint effusion   
   (b)    Patellar mobility: proximal, distal, medial, 

and lateral   
   (c)    Peripatellar soft tissue   
   (d)    Tendons: the patellar tendon is a common 

source of pain in adolescent, adult, amateur, 
and professional soccer players whereas the 
  quadriceps  more commonly affects adult, 
amateur or professional, soccer players due 
to overloading   

   (e)    Ligament stability: MCL, LCL, ACL, PCL, 
posteromedial corner, and posterolateral 
corner   

   (f)    Hip mobility: internal-external rotation in 
extension and internal-external rotation at 
90° fl exion   

   (g)    Mobility and stability of both ankles, paying 
attention to possible instability that is a com-
mon cause of chronic or recurrent sprains by 
injury to the anterior talofi bular ligaments    

  The clinical exam is concluded with the 
patient sitting on the examination bed with legs 

hanging over the edge and knees at 90° fl exion. 
This will provide the following information: 
audible creeking or crackling, a visual of the 
patellar instability at knee fl exion, degree of pain, 
extent of powerlessness, etc. 

 Once the injury history is taken and clinical 
examination has been performed, an initial diag-
nosis can be reached, and to consolidate it fur-
ther, complementary exams should be carried out 
and other possible pathologies like bone tumors 
can be ruled out.  

35.4.3    Complementary Examinations 

     (a)    Radiological studies help in two ways: They 
strengthen the diagnosis and rule out certain 
diseases. 

 The radiographs requested are:
 –    AP of both knees  
 –   Axial view of both patellas at 30°  
 –   Profi le views of both knees    

 The images taken in the axial radiographs 
show the types of patellar and trochlear disor-
ders and can help diagnose trochlear dyspla-
sia, calcifi cation in the medial patella, and 
signs of chronic medial patellar retinaculum 
tear (Fig.  35.6 ).
   The images taken in the profi le radiographs 

show the positioning of the patella: normal, 
high, or low. 

 In soccer injuries it is seen that instability, 
subluxation, or dislocation of the patella is 
usually accompanied by a fl attened femo-
ral trochlea and patella alta.   

  Fig. 35.6    ATT distalization       
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   (b)    CT scan helps examine the bones and bone 
axis.   

   (c)    MRI is useful for studying the cartilage, sub-
chondral bone, and soft tissue.   

   (d)    Ultrasonography is useful for the study of 
soft tissue, tendons, the vascular system, liga-
ments, muscles, etc. It allows for static and 
dynamic examination.       

35.5    Differential Diagnosis 

  Anterior cruciate ligament injury  
 Has the same injury mechanism: knee in valgus- 
fl exion, internal femoral rotation, external tibial 
rotation. 
 Negative ACL injury tests when it is a patellar 
dislocation. 
 Radiology: fl attened trochlea and patella alta facilitate 
patellar dislocation. 
  Patellar fracture  
 Contusion or direct frontal trauma should lead one to 
think of a fracture which can be confi rmed with 
radiology. 
  Medial collateral ligament injury  

35.5.1      Treatment 

 Conservative orthopedic treatment has a 15–44 % 
patellar redislocation rate with persistent anterior 
pain, sense of instability, and activity limitation 
in more than 50 % of cases [ 8 ,  9 ]. 

 In contrast, comparative studies between con-
servative and surgical treatment for patellar insta-
bility have not shown better clinical outcomes for 
surgical treatment [ 10 ,  11 ]. 

 Studies have shown an increase in patellofem-
oral osteoarthritis after surgery despite reducing 
dislocation [ 12 ]. 

 Surgical treatment requires:
    1.    Understanding of the patellofemoral joint ana-

tomic pathology and the alignment of the 
lower extremity, ultimately trying to deter-
mine the instability or redislocation causal 
mechanism   

   2.    Considering the risk that surgery could worsen 
the functional outcome of the patellofemoral 
joint   

   3.    Keeping in mind that the realignment of 
 proximal and distal soft tissue gives good 
results in patellar instability [ 13 ]     
 In patients with poor or limited medial reti-

naculum tissue and hypermobility, reconstruc-
tion of the MPFL is advised with autologous 
tendons, like the semitendinosus tendon, for 
example [ 14 – 17 ]. 

 It has already been said that patellar disloca-
tion, in a large percentage of cases, is associated 
with patella alta. In some rare cases, distalization 
and centralization of the patella are performed 
when the physis is closed [ 17 ]. However, the 
authors have rarely performed osteotomy and 
distalization of the ATT in soccer players. The 
results are good and in agreement with other 
authors [ 18 ] (Fig.  35.7 ).

   Post surgery, the extremity is immobilized in 
extension for 3–4 weeks. The rehabilitation pro-
gram has the objective of good ROM, hamstring 
and quadriceps strengthening to achieve and 
maintain a well-balanced patella, and then 
 readaptation and progressive return to playing 
soccer. 

 In conclusion, after clinical and radiological 
examination, considering that the soccer player 
 morphotype is genu varus and that the injury is 
often at the MPFL femoral insertion between the 
adductor magnus insertion and the epicondyle 
where the MCL attaches, rather than at the patella, 
surgery is advised on soft tissue: capsule, medial 
retinaculum, insertion of the vastus medialis 
obliquus, and lateral retinaculum lengthening.      

  Fig. 35.7    Calcifi cation of the medial retinaculum       
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            The postoperative rehabilitation of  patellofemoral 
joint is dependent on many factors that must be 
known by the specialist of rehabilitation:
•    Type of surgery  
•   Site of lesion  
•   Previous surgery and pathologies  
•   Characteristics of the patient (age, sex, func-

tional level and expectations)  
•   Compliance with a rehabilitation programme 

(social and psychological aspects)    
 Following the indications of the surgeon, the 

rehabilitation programme can start the day after 
surgery and can be resumed in the progression of 
the fi ve rehabilitation phases:
   Phase 1: Resolution of swelling and infl ammation  
  Phase 2: Recovery of range of motion and muscle 

fl exibility  
  Phase 3: Recovery of muscle strength and 

resistance  
  Phase 4: Recovery of neuromuscular control and 

coordination  
  Phase 5: Recovery of specifi c gestures    

 The time needed to complete the recovery 
process can be different for each patient. 
Rehabilitation however progresses by a func-
tional rather than a time criteria approach. 

 This means that patients move through the 
rehabilitation phases depending on functional 
goals which must be reached to allow the recov-
ery of normal walking, running and fi nally sport 
activities. 

 The rehabilitation environments include the 
pool for hydrokinesis therapy (Fig.  36.1 ), particu-
larly useful in the fi rst rehabilitation phases 
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(phases 1–2) when the patient must protect weight 
bearing, the gym (Fig.  36.2 ) for all treatments of 
phases 1–4 and the fi eld (Fig.  36.3 ) to recover 
functional and athletic gestures (phases 4 and 5).

     An example of functional rehabilitation pro-
gression following cartilage surgery in sport sub-
jects is reported in Table  36.1 .

   As in nonoperative treatment the  rehabilitation 
progresses on the responses of the knee joint 
according to the principle of Specifi c Adaptation 
to Imposed Demands (SAID). 

 We want to focus on some specifi cs aspects 
that must be highlighted during the recovery pro-
cess after surgery:
•    Negative effects of immobilization and pas-

sive movement  
•   Biomechanics considerations  
•   Management of pain  
•   Functional aspects     

36.1     Negative Effects 
of Immobilization 
and Passive Movement 

 There is a wide literature on the negative effects 
of prolonged joint immobilization [ 1 ,  2 ]. At the 
same time, the benefi cial use of passive move-
ment to help joint homeostasis and the adapta-
tions of cartilage tissue to proper exercise stimuli 
are well documented [ 2 – 4 ]. 

 Immobilization of synovial joints decreases 
synthetic activities of the chondrocytes and pro-
teoglycan content and reduces water content of 
the cartilage [ 2 ]. Moreover, the diminished 
amount of collagen fi brils and joint lubrication 
reduces cartilage and tendon nutrition, leading to 
joint stiffness and capsular contraction [ 5 ]. 

 Thus, extended immobilization can compro-
mise a normal recovery of strength, ROM and 
patellar position. A proper postoperative reha-
bilitation must minimize these detrimental 
effects while protecting the surgically repaired 
tissue. 

 An early mobilization that can be performed in 
a selected ROM, depending on biomechanical site 
and type of surgery, is therefore indicated. 
Continuous passive movement (CPM) and inter-
mittent movement may protect and stimulate the 
repair process of the articular cartilage matrix. In 
the fi rst 1–3 weeks after surgery, the use of CPM 
for 6–8 h per day in the ROM allowed by the sur-
geon is generally recommended; a gradual 
increase in the ROM (i.e. 5°/day) is normally sug-
gested. At the same time rehabilitation treatments 

  Fig. 36.1    Pool session       

  Fig. 36.2    Gym session       

  Fig. 36.3    On fi eld session       
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of phases 1 and 2 (treatment modalities, manual 
therapy, fl exibility and ROM assisted exercises) 
must be gradually introduced to enhance the 
recovery process and delay the negative effects of 
prolonged immobilization. 

36.1.1     Biomechanics Considerations 

 The knowledge of patellofemoral joint biome-
chanics is important to introduce proper exer-
cises during the rehabilitation programme. In 
fact, there is no contact between the patella and 
the femur with a fully extended knee; thus 
straight leg raise exercises are normally safe 
and well tolerated early after surgery. 
Depending on the site and type of surgery, pro-
gressive exercises in closed kinetic chain 

(CKC) and open kinetic chain (OKC) can be 
introduced. In CKC exercises, the safest range 
of fl exion is between 0° and 45°, especially if 
the site of treatment is on the proximal portion 
of the patella. Exercises performed in a deeper 
angle of fl exion can overstress the patellofemo-
ral joint and must be introduced gradually in a 
pain-free ROM. For OKC exercises the safest 
ROM is between 0 and 20° degrees and more 
than 90°, because the peak of stress contact for 
patellofemoral joint is at a mid- range of motion 
(30–60°) [ 2 ,  6 ].  

36.1.2     Management of Pain 

 Pain is usually referred in patellofemoral disor-
ders and may delay the process of recovery. The 

   Table 36.1    Example of functional rehabilitation progression following cartilage surgery in sport subjects   

 Phase  Goals  Criteria to progress 

 Phase 1: recovery of walk  Protect the site of surgery  Full active knee extension 
 Decrease pain and effusion  Knee fl exion >120° 
 Increase range of movement  No swelling 
 Retard muscle atrophy  No pain during weight bearing 
 Recovery of a correct gait pattern  Correct walk pattern 

 Adequate muscle recruitment 
(quadriceps) 

 Phase 2: recovery of running  Recovery of full range of motion  Running without pain/swelling at 
8 km/h for 10′ 

 Increase of muscular strength  Adequate recovery of coordination 
and neuromuscular control 

 Increase of neuromuscular control  Recovery of strength >80 % 
contralateral limb 

 Recovery of a correct running pattern  Single leg hop test: >80 % 
contralateral limb 

 Phase 3: athletic recovery  Stimulate the cartilage tissue 
by exercise with progressive 
resistance 

 Go up and down stairs and for athletes 
running without pain/effusion at 
10 km/h for 15′ without a signifi cant 
increase of blood lactic acid 
concentration above resting value 

 Sustain high loads and impact activities  Correct execution of sport-specifi c 
skills
Recovery of strength: 100% of 
contralateral limb
Single leg hop test: 100% of 
contralateral limb 

 Prepare the athlete for a return to 
competition with good recovery of the 
aerobic endurance 
 Recovery of sport specifi c skills 

 Phase 4: athletic maintaining 
 and return to sport 

 Maintain a good quality of life and a 
good physical condition 
 Avoid excess of body fat 
 Prevent risk of reinjury 
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persistence of pain can have negative effects on 
the ability to perform exercises. Pain inhibits 
the quadriceps muscle making diffi cult the 
recovery of muscle tone and mass [ 7 ]. This can 
provoke a vicious cycle that maintains an alter-
ation of normal biomechanics, loss of muscle 
function and pain with progressive psychologi-
cal complications. 

 Therefore it is necessary to avoid pain during 
rehabilitation exercises, especially in phase 3. 
The control of pain can be done in phases 1 and 2 
with analgesic and anti-infl ammatory medicines, 
ice and other treatment modalities, manual ther-
apy and progressive recovery of ROM and func-
tion, taking care of instructing properly the 
patient in the management of activities of daily 
living. The physiatrist and physiotherapist must 
strictly supervise the rehabilitation process, look-
ing daily at knee responses to the imposed reha-
bilitation stimuli.   

36.2     Functional Aspects 

 Functional aspects are really important in the 
recovery after patellofemoral pathologies. The 
goal of rehabilitation is to recover a correct 
knee function for ADL and for sport activi-
ties depending on patient expectations. 
Strengthening, proprioceptive and dynamic 
exercises (phases 3, 4 and 5) are crucial for a 
complete recovery of the patient. CKC exercises 
are normally preferred and emphasized as more 
functional compared to OKC exercises. The 
control of knee valgus and hip rotation must be 
trained and supervised. Step up-down exercises, 

proprioceptive pathways, eccentric movements 
and plyometrics are useful methods to regain a 
better control of knee functional movements as 
already explained in the nonoperative section 
for patellofemoral disorders. 

 To achieve a complete recovery of the 
patient, it is suggested to measure clinical and 
functional parameters by clinical examination 
(i.e. full range of motion, no pain, symmetric 
tight circumferences, good muscle fl exibility, 
symmetric squat test), muscle knee strength 
tests (i.e. isokinetic knee test) and dynamic and 
neuromuscular tests (i.e. single and triple leg 
hop test, functional sport specifi c tests on 
the fi eld).     
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37.1            Introduction 

 Disorders of the patellofemoral joint include a 
wide array of anatomic disorders, overuse inju-
ries, instability, trauma, and pain disorders. The 
etiology of many of these disorders is not well 
understood. Patients with patellofemoral pain 
and instability are diffi cult for clinicians to man-
age because of diffi culty with accurate diagnosis 
and reproducible treatments. Caring for patients 
with patellofemoral disorders has been a chal-
lenge for orthopedic surgeons. 

 Complications in patellofemoral surgery can be 
attributed to a variety of sources. Incorrect diagno-
sis, poor patient selection, insuffi cient preoperative 
physical therapy, incorrect choice of intervention, 
technical error, and incorrect postoperative physi-
cal therapy can all lead to failures and complica-
tions. The goal of this review is to summarize 
prevention and management strategies of common 
complications that occur in the most frequently 
performed procedures of the patellofemoral joint. 
The content of this review includes tibial tubercle 
osteotomy, medial patellofemoral ligament sur-
gery, soft tissue procedures of the lateral patella, 
trochleoplasty, and patellofemoral arthroplasty.  

37.2     Tibial Tubercle Osteotomy 

 The “quadriceps vector,” or lateral offset of the 
patella tendon insertion on the tibial tubercle, is 
implicated in issues of the patellofemoral joint 
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[ 1 ]. Patellofemoral surgical procedures can 
involve moving the tibial tubercle anterior, 
medial, distal, or a combination of these direc-
tions. Many different procedures have been 
described involving osteotomy of the tibial 
tubercle [ 2 ]. 

 There are a variety of complications that can 
occur after tibial tubercle osteotomy. 
Anteromedialization (AMZ) osteotomy aims to 
unload the inferior and lateral patellar facets. 
Overcorrection in the medial or anterior direction 
can lead to increased pressure on the lateral and 
superior facets. This complication can be avoided 
if the surgeon considers the location of the chon-
dral lesion on the patella [ 2 ]. Skin closure com-
promise or necrosis is more common in the 
Maquet procedure, and this technique should 
therefore be avoided if possible [ 3 ]. Hardware- 
related symptoms can be reduced with the use of 
cortical screws with low profi le heads. 
Countersinking the screw head helps, but the sur-
geon should avoid sinking the screw past the cor-
tical margin because this can lead to bicortical 
fi xation loss. Patella infera can be prevented by 
utilizing precise imaging preoperatively. The dis-
tal cut must be completed as well and secure fi xa-
tion with a minimum of two bicortical screws is 
mandated. Postoperatively, look for quick return 
of the quadriceps muscle tone because prolonged 
inactivation of the quadriceps muscle can pro-
mote patella infera. The risk of nonunion can be 
minimized by obtaining adequate fi xation, and 
the surgeon should perform bicortical screw fi xa-
tion with screws angled 90°. Smoking cessation 
prior to the surgery can help optimize healing 
factors. Avoiding overaggressive compression of 
bicortical fi xation can minimize the risk of tuber-
cle fracture, and the surgeon should also be cog-
nizant to avoid creating an osteotomy fragment 
that is too thin. Diaphyseal tibial fractures can be 
prevented if the surgeon avoids the creation of a 
stress riser at the time of osteotomy [ 2 ]. It is rec-
ommended to use an oscillating saw for deep cuts 
rather than an osteotome [ 4 – 6 ]. As you proceed 
distally on the tibia, thin out the osteotomy cut 
[ 2 ]. One author suggested avoiding full weight- 
bearing, but there is not a consensus postopera-
tive protocol for this procedure [ 6 ].  

37.3    Medial Patellofemoral 
Ligament (MPFL) Surgery 

 Recurrent patellar instability is a disabling 
 condition that usually affects younger people [ 7 ]. 
The primary soft tissue restraint for lateral 
 subluxation of the patella near full extension is 
the medial patellofemoral ligament. The consen-
sus surgical technique to treat recurrent patellar 
dislocation is not established. However, the 
reconstruction of the MPFL has become a popu-
lar procedure to treat these patients [ 8 ]. This pro-
cedure is associated with a high complication 
rate. A systematic review by Shah et al. [ 9 ] 
reported a pooled complication rate of 25.7 % 
across all studies. Common complications include 
restricted knee range of motion [ 10 ], arthrofi bro-
sis [ 11 ], recurrent lateral instability [ 11 ], medial 
instability [ 12 ], patellofemoral arthrosis [ 13 ], 
patellar fractures [ 14 ], hemarthrosis [ 15 ], wound 
complications [ 16 ], and implant pain [ 15 ,  17 ]. 

 In order to help insure successful surgery and 
to reduce complication rates, a particular focus 
should be applied to patient selection and the use 
of good technique. MPFL reconstruction should 
be reserved for lateral instability of the patella 
and should be regarded as a stabilization proce-
dure, specifi cally. Symptoms of excessive lateral 
patellar pressure, maltracking, and arthrosis 
would be better addressed by a distal realignment 
procedure to unload the lateral patellofemoral 
cartilage. Patellofemoral pain alone must be care-
fully differentiated from patellofemoral instabil-
ity in the history and physical. Medial instability 
is a contraindication to MPFL reconstruction and 
is especially likely to occur after overly aggres-
sive lateral release. 

 Patellar fracture is a rare but dreaded compli-
cation of MPFL surgery. Type I fractures follow a 
transverse fracture pattern through the patellar 
tunnel or drill hole. A transverse bone tunnel that 
traverses the entire width of the patella from the 
medial to lateral border is biomechanically strong 
[ 18 ], but it is recommended that this technique 
only be used with caution. The anterior cortex of 
the patella must also be preserved to avoid the 
risk of fracture [ 19 ]. These are customarily 
treated with tension-band wiring. 
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 The risk of a fracture can be decreased by 
avoiding transverse patellar tunnels that traverse 
the entire patellar width, minimizing the tunnel 
size, using a single bone tunnel, maintaining an 
adequate bone bridge, avoiding devascularization 
of the superior pole of the patella, and using ana-
tomic tunnel placement in the femur and the 
patella [ 21 ]. Because of the pathologic nature of 
any patellar fracture and the weakness of the 
patellar bone, immobilization of the knee is rec-
ommended for the fi rst 6 weeks after fracture 
fi xation. This leads to stiffness, especially since 
most fractures occur relatively early (within 
3 months) in the postoperative period following 
MPFL reconstruction [ 22 ]. Once the patellar 
fracture shows signs of healing, aggressive physi-
cal therapy should begin. 

37.3.1     Factors for Successful Surgery 

 Correct tunnel positioning is essential to restor-
ing the correct isometry and function of the graft 
[ 23 – 25 ]. The most important point affecting 
isometry is the femoral attachment site of the 
medial patellofemoral ligament [ 26 ]. The tunnel 
should be placed at the anatomic insertion point 
of the ligament between the adductor tubercle 
and the medial femoral epicondyle [ 16 ,  26 ,  27 ]. It 
is most common to incorrectly place the femoral 
tunnel anteriorly or proximally [ 25 ]. Proximal 
malpositioning of the femoral tunnel has been 
shown to increase medial tilt and medial patello-
femoral contact pressures, which can potentially 
lead to medial compartment arthritis [ 28 ]. 
Anterior malpositioning can also result in over-
load of the medial facet. 

 The patellar tunnel should begin at the ana-
tomic insertion of the ligament on the proximal 
half of the medial border of the patella. It should 
extend through the center of the patella in the 
sagittal plane. The ideal position of the patellar 
tunnel has not been elucidated, but the correct 
placement may vary in patients with patella alta. 
Anterior placement of the patellar tunnel can 
result in violation of the anterior cortex. Iatrogenic 
patellar fracture has been reported 6 weeks after 
surgery when a patient arose from a chair without 

support. It was found that violation of the ante-
rior patellar cortex had occurred intraoperatively 
during drilling of the patellar tunnels [ 17 ]. 
Posterior placement of the patellar tunnel can 
violate the articular surface of the patella. Digital 
palpation of the articular surface of the patella 
and use of fl uoroscopy can both aid in guiding 
the tunnel positioning in the patella to avoid this 
complication [ 12 ]. 

 Decisions about graft type and isometry are 
key to a successful surgery. Options for graft 
type include quadriceps tendon, hamstring 
 tendon, adductor tendon, and synthetic grafts. 
A cadaver study showed that hamstring grafts 
are substantially stiffer and stronger than the 
native medial patellofemoral ligament. When 
tensioning a hamstring graft, this fi nding should 
be kept in mind to avoid the risk of overloading 
the medial patellofemoral cartilage [ 29 ]. Graft 
 tensioning is paramount to performing a suc-
cessful medial patellofemoral ligament recon-
struction. Over tensioning of the graft can lead to 
increased medial patellofemoral contact pres-
sures.    A graft that is in the correct position but is 
3 mm too short will lead to increased medial 
pressure. This results in increased medial patel-
lar tilt from overtensioning of the graft, and it 
can lead to medial patellar subluxation. 
Undertensioning of the graft can result in a lack 
of adequate medial restraint and may lead to 
recurrent lateral patellofemoral instability. 
Correct tensioning should approximate the patel-
lar motion in the contralateral extremity. Normal 
patellar motion should allow for two to three 
patellar quadrants of lateral translation. In cases 
of trochlear dysplasia, there is a tendency to ten-
sion the graft too tightly because of the lack of 
normal osseous landmarks [ 23 ]. Patella alta can 
change the normal relationship between the 
patellar and femoral attachments of the MPFL 
because it increases the required length of the 
MPFL graft. 

 Graft fi xation is also important. There are 
multiple methods of femoral fi xation, but a study 
by Mountney et al. found that the through-tunnel 
tendon graft provides the strongest reconstruc-
tion, with a strength equal to that of the native 
ligament [ 18 ]. Implant pain is a common postop-
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erative complication with 57 % of patients with 
staple fi xation and 23 % of patients who had fi xa-
tion with an integrated double staple experienc-
ing pain at the femoral fi xation site [ 16 ]. Ten 
percent of patients may require removal of a 
prominent or painful screw after MPFL recon-
struction [ 15 ]. Selection of a fi xation method that 
has a low profi le and is secure can minimize pain 
at the femoral fi xation site [ 12 ]. A reliable 
method described by Schottle et al. used radio-
graphic landmarks that can easily be found under 
fl uoroscopy. Their point is 1 mm anterior to the 
posterior cortex extension line, 2.5 mm distal to 
the posterior origin of the medial femoral con-
dyle, and proximal to the posterior point of the 
Blumensaat line on the lateral radiograph [ 30 ]. 
There are also many methods of patellar fi xation. 
At least one author recommends the use of a 
docking  anchor- based or suture fi xation tech-
nique because these may be less likely to lead to 
patellar fracture [ 9 ], although the incidence of 
patellar fractures is too low to draw statistical 
conclusions. Implant pain is less common in the 
patella than the femur, but it is possible with 
prominent fi xation methods such as the 
EndoButton [ 31 ]. 

 The need for concurrent or alternate proce-
dures should be recognized. If there is substantial 
malalignment, MPFL reconstruction alone is 
often not enough to correct patellofemoral insta-
bility. Failure to address malalignment when 
reconstructing this ligament can lead to early fail-
ure and recurrence of lateral instability. 
Appropriate identifi cation of the exact pathology 
and utilization of the appropriate treatment 
 algorithm will help defi ne the optimum treatment 
for each patient. More than 25 mm between the 
tibial tubercle and the trochlear groove with a Q 
angle of >14° in males and >17° in females is 
indicative of malalignment. This may require 
tibial tubercle osteotomy. Patella alta, defi ned as 
an Insall-Salvati ratio of greater than 1.2, may be 
better treated with distal advancement of a tibial 
tubercle osteotomy because the MPFL recon-
struction alone could result in increased tension 
on the graft. For lateral tilt and substantial lateral 
retinacular tightness, a concurrent lateral release 
may be indicated.   

37.4     Soft Tissue Procedures 
of the Lateral Patella 

 Lateral patellar hypercompression syndrome 
(LPHS) may be caused by a tight lateral patellar 
retinaculum with lateral patellar tracking, lateral 
patellofemoral joint overload, degeneration, and 
the development of pain [ 32 – 34 ]. After the fail-
ure of nonsurgical therapy, this condition is com-
monly treated with lateral retinacular lengthening 
or release [ 35 ]. The most relevant complications 
of these procedures, often requiring revisions, 
were recurrence of LPHS [ 32 ], patellar instability 
with medial subluxation, quadriceps weakness, 
and severe atrophy caused by muscular detach-
ment [ 36 – 41 ]. The most frequent  complication 
after lateral retinacular release is subcutaneous or 
articular hematoma. These hematomas hinder 
knee motion, may require needle aspiration and 
surgical revision, and may also promote wound 
healing problems, superfi cial or deep infection, 
or pain syndromes. Some authors favor open over 
arthroscopic lateral retinacular release to sim-
plify bleeding control from the superior lateral 
genicular artery [ 42 ]. One author recommended a 
3-cm open approach over the two 1-cm incisions 
performed during arthroscopic lateral retinacular 
release [ 35 ]. Meticulous open hemostasis with a 
defl ated tourniquet may lead to lower complica-
tion rates. 

 Recurrence of pain is a frequent complication 
[ 32 ]. Extensive release and retinacular resection 
has been recommended until lateral patellar tur-
nup of 90° can be performed [ 32 ,  37 ,  43 ]. 
However, some authors have noted that 90° of 
turnup may be too aggressive because extensive 
proximal release may divide the vastus lateralis, 
causing quadriceps atrophy and even tendon rup-
ture [ 41 ,  44 ]. Recurrence may be prevented at the 
expense of medial patellar subluxation. At least 
one author recommends limiting the turnup test 
to 70° to reduce extensive soft tissue release [ 35 ]. 

 Lateral retinacular lengthening is a modifi ca-
tion of the popular lateral retinacular release pro-
cedure. Lateral retinacular lengthening has been 
shown to be a safer surgical method to treat 
symptomatic LPHS when compared with lateral 
retinacular release, in terms of reduced quadri-
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ceps atrophy, reduced incidence of medial patel-
lar subluxation, and improved clinical outcome 
scores at 2 years [ 35 ]. This may be explained by 
the controlled preservation of the lateral patellar 
muscle-capsuloligamentous continuity after reti-
nacular lengthening.  

37.5     Trochleoplasty 

 Trochleoplasty is still an uncommon surgical 
procedure, especially in the United States, 
despite the fact that trochlear dysplasia is a cen-
tral risk factor in patellar instability and patello-
femoral arthritis. Several procedures have been 
described to “reshape” the trochlea to help 
address high- grade dysplasia associated with 
patella instability [ 45 – 47 ] 

 The common complications of trochleoplasty 
surgery are arthrofi brosis, supratrochlear bony 
prominence with catching, worsening pain, and 
over- or undercorrection with patellar incongru-
ence leading to continued instability and pain. 
The risk of all these complications can be reduced 
if the procedure is only performed on patients 
with high-grade trochlear dysplasia. Do not 
use this procedure to treat pain symptoms 
alone. The surgeon should be sure to carefully 
handle the cartilage during the corrective pro-
cess. Given the technical diffi culties of this pro-
cedure, surgeons should consider a referral to a 
patellofemoral surgery expert [ 2 ].  

37.6     Patellofemoral Arthroplasty 

 Isolated patellofemoral arthritis is relatively 
uncommon [ 48 ], and various surgical options 
have yielded only marginal results [ 49 ]. 
Patellofemoral arthroplasty is gaining in popular-
ity [ 50 – 52 ] despite controversy due to inconsis-
tent results and high early failure rates in some 
reports [ 53 – 56 ]. 

 Early postoperative complications of patello-
femoral arthroplasty include persistent anterior 
knee pain, patellar catching or snapping, and 
extensor mechanism disruption. Increased peri-
patellar pain may be an early consequence of 

overstuffi ng of the patellofemoral joint through 
the placement of an implant that is thicker than 
the amount of bone and cartilage that is resected. 
There is a greater increase in patellar thickness 
after surgery in patients who experience poor 
results [ 57 ]. A larger radius of curvature may 
increase the risk of patellar catching or mal-
tracking [ 58 ]. This is particularly problematic 
when the trochlear implant is placed in fl exion or 
in cases in which the patellar prosthesis articu-
lates with the femur proximal to the trochlear 
component in full extension. This risk is 
increased in prostheses with relatively short 
proximal extension on the anterior femoral cor-
tex. Alternatively, narrow implants may increase 
the risk of patellar catching or maltracking. This 
risk is decreased in implants with a relatively 
unconstrained  geometry of the trochlear compo-
nent. With more recent patellofemoral arthro-
plasty designs, the incidence of many early 
complications has decreased [ 59 ]. 

 Poor technique is a major driver of 
 complications in patellofemoral arthroplasty. 
Malpositioning of the femoral prosthesis may 
result in the component overhanging the femoral 
condyle, patellar maltracking, and patellar insta-
bility [ 60 ]. Placing the femoral component in 
internal rotation is associated with a higher risk 
of reoperation [ 61 ]. Malalignment of the extensor 
mechanism and overstuffi ng of the anterior com-
partment are two frequent causes of anterior knee 
pain. Both of these scenarios can cause symp-
toms quite early and lead to high rates of revision 
surgery [ 61 ,  62 ]. Postoperative patellofemoral 
instability is commonly caused by poor soft tis-
sue balancing [ 58 ]. 

 Historically the most frequent late complica-
tion has been patellar maltracking, but this has 
been reduced with the introduction of newer 
prostheses [ 60 ]. Today, the most common late 
complication of patellofemoral arthroplasty is 
progression of tibiofemoral osteoarthritis. One 
study of 103 Avon prostheses showed a 12 % 
revision rate due to progression of tibiofemoral 
osteoarthritis at 7.1 years of follow-up [ 63 ]. This 
complication may not be predicted by the func-
tional results or pain control achieved by the 
prosthesis in the fi rst 2 years following surgery 
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[ 62 ]. Loosening is a rare complication of patel-
lofemoral arthroplasty. Most reports of implant 
loosening have involved uncemented prostheses 
[ 64 ]. Chronic effusion is another late complica-
tion, and one author reported a chronic effusion 
rate of 33 % [ 65 ]. He noted the importance of 
avoiding placement of the femoral prosthesis in 
internal rotation or recurvatum. 

 Success of patellofemoral prostheses is highly 
dependent on selection criteria [ 66 ,  67 ]. This sur-
gery can be offered in cases of isolated PF osteo-
arthritis, posttraumatic patellofemoral arthritis, 
or for patients with patellofemoral arthritis asso-
ciated with trochlear dysplasia and patellar sub-
luxation [ 68 ]. Isolated patellofemoral arthroplasty 
cannot by itself stabilize a patellofemoral joint 
with severe malalignment [ 59 ]. In cases of sig-
nifi cant patellar subluxation or tilt, consider 
medialization of the tibial tubercle with or with-
out lateral release and associated facetectomy. A 
distalization    procedure should be considered in 
cases of severe patella alta if the patella does not 
engage with the trochlea at maximal knee 
extension. 

 Contraindications for patellofemoral arthro-
plasty are numerous and need to be carefully 
considered. They include chondrocalcinosis, 
pain, cartilage defects, evidence of signifi cant 
osteoarthritis in the medial or lateral tibiofemo-
ral compartments [ 69 ]. Obesity with BMI 
greater than 30 kg/m 2  is a relative contraindica-
tion due to potential for the progression of tib-
iofemoral disease [ 68 ]. Some authors limit this 
procedure to patients under 60 years [ 70 ], but 
there is currently no defi nitive evidence that 
this is necessary. There is insuffi cient data to 
determine if chronic anterior laxity leads to 
reduced function and  longevity of the patello-
femoral prosthesis. Infl ammatory joint disease 
remains an absolute contraindication because 
of global involvement of the knee joint [ 71 ]. 
Some authors have proposed combining PF 
prosthesis with cartilage restoration procedures 
in cases of a defect in the load-bearing portions 
of the femoral condyles [ 58 ] or with unicom-
partmental knee arthroplasty in cases of signifi -
cant degenerative disease in an additional 
compartment [ 72 ]. 

 There is some evidence that suggests that 
implant choice is a major driver of outcomes 
[ 73 ]. Similarly, the etiology of arthritis may infl u-
ence outcomes. Patients with arthritis secondary 
to trochlear dysplasia experience better clinical 
outcomes than other groups [ 51 ]. Trochlear dys-
plasia is an ideal indication for patellofemoral 
arthroplasty [ 74 ]. Recently, custom implants that 
match the radius of curvature of PF joint based on 
3D CT reconstructions have been developed. 
These designs may help optimize coverage of 
bone surfaces without causing overconstraint of 
the patella [ 75 ]. There is also renewed interest in 
the combination of medial unicompartmental and 
patellofemoral prostheses [ 72 ,  76 ]. Recent publi-
cations suggest that this option yields good long- 
term results and would extend indications for 
patellofemoral prosthesis, especially in young, 
active patients [ 72 ].  

    Conclusions 

 The patellofemoral compartment of the knee 
has a unique geometry and complex static and 
dynamic stabilizing features. Many procedures 
exist to address varying pathology. The key to 
successful PF surgery is patient selection and 
understanding the goals of the selected proce-
dure. Surgical complications can be minimized 
with meticulous operative technique and atten-
tion to post-operative protocols.     
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  Medicine does not stand still and is in a constant 
state of evolution in order to provide safe, effec-
tive, and benefi cial treatments and techniques to 
improve quality of life. Patellofemoral patholo-
gies are among the most common causes of knee 
pain and disability, and current literature offers a 
plethora of options for assessment and treat-
ments. This book is an effort to help with deci-
sion making and selection of the appropriate 
treatment, putting to rest some of the existing 
controversies. 

 The contributors of  The Patellofemoral Joint , 
 State of the Art in Evaluation and Management  
are internationally recognized orthopedic sur-
geons, basic scientists, sport doctors, and 

 physiatrists that devoted many years studying the 
patellofemoral joint. ISAKOS as international 
scientifi c society offered the opportunity to 
gather the group of experts that contributed to 
this book, initiated by Alberto Gobbi, Norimasa 
Nakamura, and João Espregueira-Mendes. 

 The book offers a comprehensive outlook rang-
ing from basic morphogenesis and anatomy to an 
in-depth discussion about current concepts which 
defi ne the treatment approach, keeping in mind the 
importance of an evidence-based outlook. 

 We would like to thank all the authors from 
across the globe for their valuable contribution to 
this book which we hope will be a guide to many 
surgeons in their practice.     
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