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v

 Patellofemoral pain and instability can be challenging to treat, especially in 
the athlete. We are pleased to present this reference with contributions from 
the leaders in the fi eld and have included topics that are critical to the treat-
ment of patellar pathology. 

 We begin with chapters on the anatomy and function of the patellofemoral 
joint followed by the pertinent physical exam fi ndings and imaging studies. 
Since many of these problems can be addressed nonoperatively, we have 
included a comprehensive chapter on rehabilitation. Next, we review the surgical 
treatments for the spectrum of patellar problems, including instability in both 
skeletally immature and mature athletes, cartilage procedures, osteotomies, and 
patellofemoral resurfacing. Finally, we have included a surgical decision-making 
chapter that will help to guide the orthopedic surgeon’s treatment. 

 We believe that this book provides a comprehensive text on the treatment of 
patellofemoral disorders in the athlete and will become your “one-stop” guide.  

    Pittsburgh ,  PA, USA         Robin     V.     West     
      New York ,  NY, USA         Alexis     C.     Colvin    
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     Abbreviations 

   RF    Rectus femoris   
  VL    Vastus lateralis   
  VLO    Vastus lateralis obliquus   
  VM    Vastus medialis   
  VMO    Vastus medialis obliquus   
  LPFL    Lateral patellofemoral ligament   
  MPFL    Medial patellofemoral ligament   
  MPTL    Medial patellotibial ligament   
  LPTL    Lateral patellotibial ligament   
  ITB    Iliotibial band   
  IPB    Iliopatellar band   
  FCL    Fibular collateral ligament   
  ACL    Anterior cruciate ligament   
  PCL    Posterior cruciate ligament   
  MCL    Medial collateral ligament   
  QT    Quadriceps tendon   
  PT    Patellar tendon   
  AMT    Adductor magnus tendon   

          Introduction 

 The patellofemoral joint is a very complex and 
often misunderstood region of the knee. The anat-
omy consists of a variety of important  structures—
such as the numerous muscles, bones, ligaments, 
tendons, blood vessels, nerves, and bursa sacs—
that contribute to the functionality of the knee 
joint. Comprehensive joint functionality is criti-
cal for athletes, and each structure has a very 
important role in allowing for a stable knee and 
preventing patellofemoral-related pain [ 1 ,  2 ].    

 Knowledge about the anatomy of this joint is 
still constantly evolving [ 3 – 5 ], and this knowl-
edge is extremely important for fi nding improved 
methods to better treat patients with patellofemo-
ral joint pathology and to prevent pain from 
developing in the fi rst place. The surgically rele-
vant anatomy for these patellofemoral joint struc-
tures will be discussed.  

    Anatomy 

    Primary Supporting Muscles 
of the Patellofemoral Joint 

    Rectus Femoris 
 The rectus femoris is the most superfi cial muscle 
of the quadriceps muscle group [ 6 ], and it courses 
over the anterior portion of the thigh deep to the 
sartorius muscle [ 7 ]. It originates from the ileum, 
where it has anterior and posterior attachments [ 7 ], 
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and inserts on the proximal aspect and superior 
third of the anterior surface of the patella after 
joining the quadriceps tendon about 3–5 cm 
proximal to the patella (Fig.  1.1 ) [ 6 – 9 ].

       Vastus Lateralis 
 The vastus lateralis originates from the lateral 
aspect of the femur and centrally unites with the 
vastus medialis to insert into the proximal base of 
the patella (Fig.  1.1 ) [ 9 ]. Laterally, the vastus 
lateralis ends in an aponeurosis that combines 
with the lateral side of the rectus femoris [ 7 ,  9 ]. 
This expansion then becomes part of the lateral 
retinaculum and blends into the quadriceps ten-
don about 3 cm proximal to the superolateral 
region of the patella [ 7 ,  9 ]. The vastus lateralis 
also has an anatomically distinct group of fi bers 
called the vastus lateralis obliquus (VLO) that 
has been reported to be separated from the main 

portion of the muscle by a thin layer of fat or 
 fascia [ 9 ]. Historically, little attention has been 
given to the VLO due to the diffi culty in identify-
ing the divergent fi bers [ 9 ]. These fi bers attach 
more laterally to the patella than the longitudinal 
vastus lateralis fi bers [ 9 ].  

    Vastus Medialis 
 The vastus medialis originates from the supero-
medial region of the femur and centrally unites 
with the vastus lateralis to insert into the base of 
the patella just posterior to the insertion of the 
rectus femoris (Fig.  1.1 ) [ 9 ]. Medially, the vastus 
medialis ends in an aponeurosis that combines 
with the rectus femoris to both attach to the super-
omedial aspect of the patella and reinforce the 
medial retinaculum with its distal fi bers [ 9 ]. The 
vastus medialis also contains the vastus medialis 
obliquus (VMO), which has obliquely oriented 
fi bers and is the most distal portion of the vastus 
medialis (Fig.  1.2 ) [ 6 ,  7 ,  9 ]. The VMO originates 
from the adductor magnus tendon and ends on the 
medial patellofemoral ligament [ 6 ,  10 ]. The VMO 
has considerable variability in regard to the pres-
ence of a thin layer of fat, fascia, or nerve branch 
that separates the VMO from the longitudinal 
head of the vastus medialis, and therefore, it can 
be diffi cult to discriminate between the two [ 9 ].

  Fig. 1.1    A photograph of a  left knee  depicting the vastus 
medialis (VM)/vastus medialis obliquus (VMO) ( left ), 
rectus femoris (RF) ( center ), and vastus lateralis (VL) 
( right ) combining to form the quadriceps tendon, which 
then inserts into the patella. The attachment of the medial 
patellofemoral ligament (MPFL) is also seen in the photo       

  Fig. 1.2     Arrows  defi ne the outline of the vastus medialis 
obliquus (VMO), and its obliquely orientated muscle 
fi bers can be seen in this intact  left knee . The relation of 
the quadriceps tendon (QT) to the VMO and end of the 
VMO at the medial patellofemoral ligament (MPFL) is 
also seen       
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       Vastus Intermedius 
 The vastus intermedius lies deep to the other 
quadriceps muscles. It attaches proximally to the 
anterolateral upper two-thirds of the femur and 
runs anterior to the femur until its tendinous 
fi bers combine with the vastus medialis and vas-
tus lateralis to insert distally into the superior 
border of the patella [ 7 ].   

    Pertinent Bony Anatomy 
of the Patellofemoral Joint 

    Patella 
 The patella is the largest sesamoid bone in the 
body [ 6 ,  11 ,  12 ] and provides a mobile attach-
ment for the quadriceps tendon and patellar ten-
don [ 6 ]. The patella is triangular, and it has a 
rounded and superior base that attaches to the 
quadriceps tendon [ 6 ]. It also has an inferior apex 
that points inferiorly and attaches to the patellar 
tendon [ 6 ]. The articular surface of the patella 
(Fig.  1.3 ) has been reported to have up to seven 
facets and is on the proximal two-thirds of the 
posterior aspect of the bone [ 7 ,  11 ]. Three medial 
facets (superior, middle, and inferior) and three 
lateral facets (superior, middle, and inferior) 
articulate with the femoral trochlear groove dur-
ing knee fl exion. The last medial facet, or odd 

facet, articulates with the medial femoral condyle 
in deep knee fl exion [ 7 ,  11 ]. The medial facets 
are slightly smaller than the lateral facets [ 7 ,  11 ].

   The articular cartilage covering the patella is 
one of the thickest in the body (Fig.  1.4 ), and the 
cartilage on the medial facet is thicker than the 
cartilage on the lateral facet [ 6 ]. The thickest part 
of the patellar articular cartilage has been reported 
to be about 6.4-mm thick and is on the median 
ridge of the patella [ 6 ].

   Wiberg created a classifi cation system for dif-
ferent patella shapes based on a generalized com-
parison of the medial facets to the lateral facets 
[ 13 ]. Type I has a prevalence of about 10 % and 
has equally sized, concave medial and lateral fac-
ets [ 7 ,  11 ]. Type II has normal lateral facets with 
considerably smaller medial facets that are 
mostly fl at [ 7 ,  11 ]. This type accounts for approx-
imately 65 % of patella types [ 7 ,  11 ]. Type III 
comprises the remaining 25 %, and it has normal 
lateral facets with smaller and convex medial 
facets [ 7 ,  11 ].  

  Fig. 1.3    The articular surface of the patella ( black arrow ) 
refl ected from a  left knee  is shown. The medial and lateral 
facets are present on the posterior aspect of the patella. 
The adductor magnus tendon is shown with the  white 
arrow , and the VMO is also labeled       

  Fig. 1.4    A photograph demonstrates the cross section of 
a  right knee  patella. The thickness of the articular carti-
lage (about 6 mm) can be seen with the ruler       
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    Trochlea and Femoral Condyles 
 The other major articular surface of the patello-
femoral joint is the trochlea, which consists of 
the lateral and medial facets of the femoral sulcus 
and is on the anterior, distal end of the femur [ 6 , 
 11 ]. The anteroposterior trochlear groove is in 
the middle of the trochlea and divides it into the 
medial and lateral facets [ 6 ]. The lateral facet is 
larger and has a greater radius than the medial 
facet [ 6 ]. The trochlea deepens from proximal to 
distal, and it is not aligned perpendicular to the 
axis of femur to refl ect how the distal articular 
surfaces of the femur are valgus in relation to the 
axis of the femur [ 8 ,  11 ]. This allows for the tib-
iofemoral joint to be horizontal to the ground 
while standing [ 8 ]. 

 The trochlea joins the articular surface of the 
femoral condyles to help provide patellar track-
ing during knee fl exion, and each femoral con-
dyle is separated from the trochlea by a slight 
groove [ 11 ]. The sulcus terminalis separates the 
lateral femoral condyle from the trochlea 
(Fig.  1.5 ), while the medial femoral condyle has 
a less distinct notch (Fig.  1.6 ) [ 7 ]. The femoral 
condyles protrude only slightly anteriorly of the 
femoral shaft but protrude signifi cantly posteri-
orly, and both anterior regions of the condyles are 
part of the articular area for the patella [ 6 ]. The 
femoral condyles are asymmetric with the lateral 
femoral condyle higher than the medial femoral 
condyle to help prevent lateral subluxation and 

keep the medial femoral condyle from extending 
further distally [ 7 ].

        Tibial Tubercle 
 The tibial tubercle is the insertion point of the 
patellar tendon [ 14 ]. The tibial tubercle is a trac-
tion apophysis for the patellar tendon, and sepa-
ration of the apophysis from the proximal end of 
the tibia results in the Osgood–Schlatter disease 
in adolescents (Fig.  1.7 ) [ 15 ].

        Pertinent Ligaments and Tendons 
of the Patellofemoral Joint 

   Patellar Ligament (Tendon) 
 Although the patellar ligament is commonly 
referred to as the patellar tendon, its bone-to- 
bone attachments would classify it as a ligament. 
It courses from the lowest point of the patella to 
the tibial tubercle (Fig.  1.7 ) [ 7 ]. Multiple studies 
have determined the length of the patellar tendon 
to be between 40 and 55 mm [ 7 ,  14 ]. At its tibial 
tubercle insertion, it has been reported to have a 
width of 26.1 ± 2.8 mm [ 14 ].  

   Lateral Patellofemoral Ligament 
 Another important contributor to patellar stabil-
ity is the lateral patellofemoral ligament (LPFL). 
The LPFL is a noticeable thickening of the lateral 
joint capsule, which connects the lateral edge of 

  Fig. 1.5    The location of the sulcus terminalis, which 
separates the trochlea from the lateral femoral condyle, is 
shown with a hemostat in a  left knee        

  Fig. 1.6    A photograph illustrates a groove (forceps) that 
separates the trochlea from the medial femoral condyle in 
a  left knee        
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the patella to the femur [ 16 ], and increased 
 tension of the LPFL can cause patellar sublux-
ation or lateral dislocation [ 16 ]. The LPFL resides 
in the deep layer of the lateral retinaculum [ 16 ], 
but it is smaller and more diffi cult to defi ne than 
the medial patellofemoral ligament (MPFL) [ 9 ]. 
Some studies report that the LPFL might not be 
present in all knees [ 9 ,  17 ,  18 ], including reports 
of its presence in only two-thirds of knees [ 18 ]. 
The width of the LPFL has been reported to be an 
average of about 16 mm, and the length has been 
reported to be an average of about 42.1 mm [ 16 ]. 
A correlation between the length of the LPFL and 
the width of the lateral patellar facet has been 
reported, with shorter LPFLs correlating with 
wider lateral patellar facets [ 16 ].  

   Medial Patellofemoral Ligament 
 One of the most important and critical structures 
within the patellofemoral joint is the medial 

patellofemoral ligament (MPFL). Contrary to the 
presumption that the MPFL attaches at the femo-
ral medial epicondyle, LaPrade et al. [ 10 ] pro-
vided measurable locations of the MPFL 
attachment in relation to the medial epicondyle 
and adductor tubercle (Fig.  1.8 ). They reported 
that the attachment site was an average of 
10.6 mm proximal and 8.8 mm posterior to the 
medial epicondyle and 1.9 mm anterior and 
3.8 mm distal to the adductor tubercle [ 10 ]. To 
improve noninvasive identifi cation of the MPFL, 
a radiographic study reported on anteroposte-
rior radiographs that the MPFL attached 
13.3 ± 2.4 mm proximal to the medial epicon-
dyle, 6.2 ± 1.5 mm distal to the adductor tubercle, 
3.1 ± 1.0 mm proximal to the gastrocnemius 
tubercle, and 42.3 ± 2.1 mm proximal to the fem-
oral joint line [ 19 ]. Through the use of two-
dimensional lateral radiographs, the MPFL was 
determined to be 15.9 ± 3.2 mm from the medial 
epicondyle, 8.9 ± 2.0 mm from the adductor 
tubercle, 12.5 ± 3.0 mm from the gastrocnemius 
tubercle, 8.8 ± 5.3 mm anterior to the posterior 
femoral cortex extension line, and 2.6 ± 2.1 mm 
proximal to the perpendicular line at the posterior 
aspect of the Blumensaat’s line [ 19 ]. The MPFL 
has an average length of 65.2 mm and attaches at 
the superomedial aspect of the medial border of 

  Fig. 1.7    The patellar tendon (PT) in a  left knee  is shown 
in relation to the patella. A bony protuberance due to 
Osgood–Schlatter disease can be seen near its insertion 
into the tibial tubercle ( arrow )       

  Fig. 1.8    The MPFL is shown ( top ) in relation to the 
attachments of the adductor magnus tendon (AMT) ( left ) 
and proximal superfi cial medial collateral ligament 
(sMCL) ( right )       
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the patella [ 8 ,  10 ]. The proximal edge is bounded, 
without tight adhesion, by the distal aspect of the 
VMO (Fig.  1.9 ) [ 10 ,  20 ]. The distal aspect is 
more or less a thickening within the fascial layer 
with some of the distal fi bers intertwined with the 
deep layer of the medial retinaculum, which 
attaches to the patellar ligament [ 10 ,  20 ].

       Medial Patellotibial Ligament 
 The medial patellotibial ligament (MPTL) helps 
to resist lateral translation of the patella. It origi-
nates inferiorly and medially on the patella and 
courses obliquely, as a condensation of the medial 
retinaculum, to its insertion approximately 
1.5 cm distal to the joint line on the anteromedial 
region of the tibia (Fig.  1.10 ) [ 1 ,  21 ,  22 ].

      Lateral Patellotibial Ligament 
 The lateral patellotibial ligament (LPTL) origi-
nates from the inferior aspect of the iliopatellar 
band and inserts anterior to Gerdy’s tubercle 
(Fig.  1.11 ) [ 23 ]. The LPTL forms an anterior 
boundary for the superfi cial layer and connects 
the iliopatellar band and iliotibial tract [ 23 ].

      Ligamentum Mucosum 
and Infrapatellar Fat Pad 
 The ligamentum mucosum, or infrapatellar plica 
(the thickened ligamentum mucosum), is another 
ligamentous structure in the patellofemoral joint 
[ 24 ]. It stretches from the top of the intercondylar 
notch of the femur to the infrapatellar fat pad 

anteriorly (Fig.  1.12 ) and lies anterior to the ACL 
[ 24 ,  25 ]. Additionally, some knees also have a 
ligamentum mucosum that is continuous with the 
ACL [ 24 ].

   The infrapatellar, or retropatellar, fat pad is an 
intracapsular, extrasynovial structure of the ante-
rior aspect of the knee. The fat pad attaches to the 
ligamentum mucosum, proximal part of the 
patellar tendon, inferior aspect of the patella, 
anterior intermeniscal ligament, lateral meniscal 
horns, lateral retinaculum, and periosteum of the 
tibia [ 24 ,  26 ]. 

 It can become infl amed in some patients after 
injury, but more commonly, it can become scarred 
and fi brosed after arthroscopic surgery and 
should be examined in all patients as a potential 
cause of anterior knee pain [ 24 ].  

   Quadriceps Tendon 
 The muscles of the rectus femoris, vastus latera-
lis, vastus medialis, and vastus intermedius join 
to form the quadriceps tendon in a trilaminar 

  Fig. 1.9    The medial patellofemoral ligament (MPFL) is 
depicted in relation to the vastus medialis obliquus (VMO) 
and the patella in a  left knee        

  Fig. 1.10    A photograph illustrates the medial patellotib-
ial ligament (MPTL) ( arrow ) in relation to the patella and 
patellar tendon (PT) in a  left knee        
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fashion about 2 cm proximal to the patella 
(Fig.  1.1 ) [ 7 ,  9 ]. The quadriceps tendon extends 
over the anterior surface of the patella and com-
bines distally with the patellar tendon [ 7 ]. The 
quadriceps tendon is reported to be approxi-
mately twice the thickness of the patella tendon 
at a mean length of 7 mm and a mean width of 
27 mm [ 27 ,  28 ]. It also has a broader tendinous 
insertion into the patella [ 28 ]. Additionally, the 
quadriceps tendon is reported to have over 6 cm 
of common tendon length with increasing length 
of up to 2 cm when the rectus femoris and vastus 
intermedius tendons are included [ 27 ].   

    Pertinent Connective Tissue 
of the Patellofemoral Joint 

   Iliotibial Band and Iliopatellar Band 
 The iliotibial band (ITB), or iliotibial tract, is a 
prominent and complex structure on the lateral 
aspect of the knee (Fig.  1.13 ). The ITB originates 
from the tensor fascia femoris, gluteus medius, 
and gluteus maximus and then attaches to the 
linea aspera of the femur [ 23 ]. It then courses dis-
tally towards the knee, where it separates into 

  Fig. 1.11    The lateral patellotibial ligament (LPTL) is 
shown in relation to the patella and patellar tendon (PT) in 
a  left knee . The insertion of the LPTL to Gerdy’s tubercle 
is shown with an  arrow        

  Fig. 1.12    A photograph of the ligamentum mucosum and 
its attachments to the infrapatellar fat pad ( white arrow ) 
and intercondylar notch ( black arrow ) in a  left knee  is 
shown       

  Fig. 1.13    A photograph displays the iliotibial band (ITB) 
refl ected in a  left knee . The vastus lateralis (VL) muscle is 
shown deep       
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two portions: the ITB and iliopatellar band (IPB) 
[ 23 ]. The iliopatellar band connects the anterior 
region of the iliotibial band and femur to the 
patella (Fig.  1.14 ) [ 23 ].

    The iliotibial and iliopatellar bands consist of 
several anatomic layers: the aponeurotic layer, 
superfi cial layer, middle layer, deep layer, and 
capsulo-osseous layer [ 23 ]. The aponeurotic 
layer is the most superfi cial layer and consists of 
arciform fi bers and the fascia that covers the vas-
tus lateralis and biceps femoris [ 23 ]. It crosses 
over both the patella and patellar tendon at the 
anterior aspect and connects with the sartorius 
from the medial side [ 23 ]. 

 Below the aponeurotic layer resides the super-
fi cial layer, which consists of the vastus lateralis, 
iliopatellar band, lateral patellotibial ligament, 
iliotibial tract, and biceps femoris [ 23 ]. The 
superfi cial layer inserts on the tibia at Gerdy’s 
tubercle, and it is bounded anteriorly by the 
patella and lateral patellotibial ligament and pos-
teriorly by the biceps femoris [ 23 ,  29 ]. The mid-
dle layer is rather simplistic and purely identifi ed 
by a different orientation in its fi bers in compari-
son to the superfi cial layer [ 23 ]. 

 The deep layer has a three-dimensional 
 orientation with an anterior border of the vastus 

lateralis and patella, posterior boundary of the 
biceps femoris, and distal boundary of the tibia 
[ 23 ]. It thickens and strengthens the superfi cial 
layer of the iliotibial tract and iliopatellar band 
laterally [ 23 ]. 

 The capsulo-osseous layer originates from the 
fascia covering the plantaris and lateral gastroc-
nemius muscles and inserts just posterior to 
Gerdy’s tubercle on the lateral tibial tubercle 
[ 23 ]. The short head of the biceps femoris muscle 
also inserts into the capsulo-osseous layer during 
its course [ 23 ].  

   Medial Retinaculum 
 The medial retinaculum (Fig.  1.15 ), or medial 
joint capsule, is an aponeurotic expansion from 
the vastus medialis that combines with the super-
fi cial medial collateral ligament (MCL) and the 
medial patellar tendon [ 6 ]. The medial retinacu-
lum is much thinner than the lateral retinaculum 
[ 12 ]. The medial retinaculum consists of three 
ligaments: the medial patellofemoral ligament 
(MPFL), medial patellotibial ligament (MPTL), 
and medial patellomeniscal ligament [ 12 ]. These 
ligaments combine to be the main soft-tissue 
restraint to lateral patellar displacement [ 30 ].

      Lateral Retinaculum 
 The lateral retinaculum is an aponeurotic expan-
sion from the vastus lateralis that has been 

  Fig. 1.14    A photograph is shown of the proximal aspect 
of the iliopatellar band ( arrow ) in relation to the patella 
and patellar tendon (PT) in a  left knee        

  Fig. 1.15    The medial retinaculum ( arrow ) in a  left knee  
is shown in relation to the vastus medialis obliquus 
(VMO), patella, and adductor magnus tendon (AMT)       
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reported to be richly innervated [ 6 ]. It consists of 
two main layers: the superfi cial oblique layer and 
the deep transverse layer [ 6 ,  12 ]. The superfi cial 
oblique layer is comprised of the combination of 
the patellar tendon, vastus lateralis, and iliotibial 
band [ 12 ] and provides minimal support to patel-
lar stability [ 6 ]. The deep transverse layer has 
three main structures: the lateral patellofemoral 
ligament (LPFL), the lateral patellotibial ligament 
(LPTL), and the patellotibial band [ 6 ,  12 ]. The 
LPFL is in the superior border of the deep trans-
verse layer and connects the patella to the lateral 
epicondyle to provide superolateral support to the 
patella [ 6 ,  12 ]. The LPTL is located in the inferior 
border of the deep transverse layer and anchors 
the patella to the anterolateral tibia to provide lat-
eral support to the patella [ 6 ,  12 ]. The patellotibial 
band is the deepest part of the deep transverse 
layer and runs obliquely from the distal lateral 
patella to the tibia, while parallel to the patella, to 
provide inferolateral support to the patella [ 6 ].   

    Primary Bursa of the Patellofemoral 
Joint 

   Deep Infrapatellar Bursa 
 The deep infrapatellar bursa is located posterior 
to the patellar tendon and just proximal to the 
tibial tubercle [ 14 ]. The bursa is slightly wider 
than the patellar tendon at its insertion site [ 14 ]. 
The deep infrapatellar bursa consists of two main 
portions: the posterior compartment and an 
apron-like projection of fat (Fig.  1.16 ) [ 14 ]. The 
posterior compartment is deeper and forms a 
trapezoidal shape between the proximal part of 
the tibial tubercle and the distal attachment of the 
retropatellar fat pad to the proximal tibia [ 14 ]. 
The lateral side of the base is wider than the 
medial side [ 14 ]. The apron-like projection of fat 
is anterior to the posterior compartment of the 
deep infrapatellar bursa and covers most of the 
posterior compartment [ 14 ].

      Pes Anserine Bursa 
 The pes anserine bursa is located between the 
medial aspect of the tibia and the distal attach-
ment of the superfi cial medial collateral ligament 

(MCL) and the conjoined tendons of the  sartorius, 
semitendinosus, and gracilis (Fig.  1.17 ) [ 31 ]. 
This bursa does not communicate with the knee 
joint [ 31 ].

      Semimembranosus Bursa 
 The semimembranosus bursa is located around 
the semimembranosus tendon on the posterome-
dial aspect of the tibia [ 32 ]. Its distal border is 
along the proximal edge of the tibial attachment 
of the direct arm of the semimembranosus tendon 
[ 10 ]. The bursa continues medially to where the 
anterior arm of the semimembranosus tendon 
attaches to the bone on the posteromedial aspect 
of the tibia (Fig.  1.18 ) [ 10 ]. The  semimembranosus 
bursa has both deep and superfi cial pockets that 
connect along their posterosuperior aspect to give 
the shape of an inverted “U” [ 32 ].

  Fig. 1.16    A photograph illustrates the deep infrapatellar 
bursa in relation to the patella and patellar tendon (PT) in 
a  left knee . The apron-like projection of fat can be seen 
inside the bursa (curved hemostat). The  arrow  shows the 
patellar tendon refl ected       
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      Biceps Femoris Bursa 
 The biceps femoris bursa, or fi bular collateral 
ligament (FCL) bursa, is positioned laterally and 
anterior-anteromedially to the distal part of the 
FCL and just proximal to the FCL insertion on 
the fi bular head [ 33 ]. Its lateral wall touches the 
anterior arm of the long head of the biceps femo-
ris muscle [ 33 ]. The biceps femoris bursa forms 
an inverted “J” shape around the lateral, anterior, 
and anteromedial regions of the FCL (Fig.  1.19 ) 
[ 33 ]. The biceps femoris has been reported to 
have a mean length of 18 mm and a mean width 
at its midportion of 8.4 mm [ 33 ].

      Prepatellar Bursa and Superfi cial 
Infrapatellar Bursa 
 The prepatellar bursa is located anterior to the 
patella in the subcutaneous tissue [ 34 ]. It is gen-
erally centered anterior to the patella, and it has 
been reported to have three compartments—
superfi cial, intermediate, and deep—separated 
by two thin septa [ 31 ,  34 ]. The superfi cial com-
partment is located between the subcutaneous tis-
sue and the transverse superfi cial fascia [ 31 ,  34 ]. 

  Fig. 1.17    The pes anserine bursa is shown in relation to 
the patellar tendon (PT) in a  left knee . The attachment of 
the distal insertion of the superfi cial MCL ( arrow ) and the 
refl ection of pes anserine tendons (curved hemostat and 
forceps) can also be seen       

  Fig. 1.18    A photograph shows the semimembranosus 
bursa ( black arrow ) in relation to the adductor magnus 
tendon (AMT) and semimembranosus tendon ( white 
arrow ) in a  left knee        

  Fig. 1.19    A photograph illustrates the biceps femoris 
bursa ( black arrow ) and biceps femoris tendon ( white 
arrow ) in a  left knee . The fi bular collateral ligament (FCL) 
can also be seen inside of this bursal space (held in curved 
hemostat)       
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The intermediate compartment is located 
between the transverse superfi cial fascia and 
intermediate oblique fascia [ 31 ,  34 ]. The deep 
compartment is situated between the intermedi-
ate oblique fascia and the deep longitudinal fi bers 
of the rectus femoris tendon [ 31 ,  34 ]. 

 The superfi cial infrapatellar bursa is located 
anterior to the patellar tendon [ 35 ]. It is situated 
in the soft tissue of the anterodistal third of the 
patellar tendon [ 35 ]. In some cases, the bursa 
can be located directly anterior to the tibial 
 tubercle [ 35 ].   

    Primary Arterial Supply 
for the Patellofemoral Joint 

   Geniculate Arteries 
 The blood supply to the knee is accomplished by 
an anastomosis of fi ve major arteries: the supero-
medial, superolateral, middle, inferomedial, and 
inferolateral genicular arteries [ 7 ,  12 ]. This cir-
cumpatellar anastomosis occurs between the 
anterior tibial recurrent artery and all of the 
genicular arteries, except for the middle genicu-
lar artery [ 12 ]. The circumpatellar anastomosis 
provides a blood supply for the superfi cial and 
deep bone, synovium, capsule, retinaculum, and 
subcutaneous fascia [ 12 ]. 

 The superomedial genicular artery arises from 
the popliteal artery just above the tibial joint line 
and then travels medially and anteriorly to join 
the circumpatellar anastomosis [ 12 ]. It is located 
anterior to the semimembranosus and semitendi-
nosus muscles [ 12 ]. 

 The superolateral genicular artery divides 
from the popliteal artery just above the tibial joint 
line and then travels laterally and anteriorly to 
anastomose with the descending lateral collateral 
femoral artery [ 7 ,  12 ]. The superolateral genicu-
lar artery supplies the vastus lateralis, vastus 
intermedius, and branches of the femoral nerve 
[ 7 ,  12 ]. 

 The middle genicular artery travels anterior to 
the joint line and into the posterior joint capsule, 
where it supplies the anterior cruciate ligament 

(ACL) and posterior cruciate ligament (PCL) 
[ 12 ]. The middle genicular artery is the only 
artery that does not make a contribution to the 
circumpatellar anastomosis [ 12 ]. 

 The inferomedial genicular artery divides 
from the popliteal artery just below the tibial 
joint line and travels anteromedially along the 
side of the tibial metaphysis to provide the medial 
collateral ligament (MCL) with blood supply [ 7 , 
 12 ]. It then anastomoses with the saphenous 
branch of the descending genicular branch and 
anterior tibial recurrent artery [ 7 ,  12 ]. The infero-
medial geniculate artery is the most inferior of 
genicular arteries [ 7 ]. 

 The inferolateral genicular artery arises from 
the popliteal artery just below the tibial joint line 
and travels anteriorly along the lateral joint line 
next to the lateral meniscus [ 7 ]. It then forms an 
anastomosis with the anterior tibial recurrent 
artery and supplies the fi bular collateral ligament 
(FCL) [ 12 ].   

    Primary Sensory Innervation 
of the Patellofemoral Joint 

   Infrapatellar Branch of Saphenous 
Nerve 
 The infrapatellar branch of the saphenous nerve 
is a sensory nerve that innervates the anterior 
aspect of the knee [ 36 ]. The nerve is superfi cial to 
the sartorius and curves anteroinferiorly below 
the patella to supply the skin and fascia over the 
anterior and medial knee [ 37 ]. The nerve has also 
been reported to have two main trunks, the supe-
rior and inferior branches, that are very distinct 
and course laterally and distally after dividing 
from the main saphenous nerve [ 37 ]. In knee 
extension, the superior branch has been reported 
to be a mean of approximately 4.5 cm distal to 
the medial border of the patella and 2.4 cm distal 
to the inferior pole of the patella [ 36 ]. The infe-
rior branch has been reported to be a mean of 
about 7.5 cm distal to the medial border of the 
patella and 5.9 cm distal to the inferior pole of the 
patella [ 36 ].       
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           Introduction 

 Most sports medicine physicians today consider 
lateral patella dislocations in the differential diag-
nosis of an acute knee injury in an athlete. In the 
recent past, this was not necessarily the case. 
Hughston, in 1964, felt that an athlete’s report of a 
knee giving way was almost never attributable to a 
patellar dislocation [ 1 ].    Rather he opined “[these] 
immediate impressions are due to the unfortunate 
and erroneous idea that subluxation of the patella 
occurs predominantly in the female and is absent in 
the athlete.” To this effect, acute fi rst-time [pri-
mary] patellar dislocations have been shown to 
occur nearly equally across sexes, with greater than 
60 % usually attributed to athletic activity [ 2 – 4 ]. 

 Acute, primary lateral patellar dislocations 
occur primarily in the second decade of life [ 4 ,  5 ] 
at a rate of 29 per 100,000 [ 4 ]. They are  associated 
with signifi cant disability including pain or  feelings 
of instability in 30–50 % of people [ 6 ,  7 ]. 
Associated injuries frequently occur,  including 
medial patellofemoral ligament injuries in over 

80 % of patients and associated ligamentous or 
meniscal injury in 31 % [ 8 ]. Though osteochon-
dral fractures in over 50 % [ 7 ,  9 – 11 ] have been 
reported in the literature for primary and recur-
rent dislocations literature, a recent systemic 
review noted 24.7 % of patients had chondral and 
osteochondral damage in primary patella disloca-
tions [ 12 ]. 

 Recurrent patellar dislocation is a signifi cant 
problem, reported in 15–44 % of patients treated 
nonsurgically [ 3 ,  6 ,  13 ,  14 ]. A prior dislocation 
is, in itself, a signifi cant risk factor for having a 
recurrent dislocation, and risk progressively 
increases with subsequent dislocations. Fithian 
reported that patients with multiple dislocations, 
either ipsilateral or contralateral, had more than 
double the incidence of a future instability epi-
sode in comparison to fi rst-time dislocators. Sex 
and positive family history also have a high cor-
relation to recurrence risk. While fi rst-time dislo-
cations occur equally across sexes, recurrent 
dislocators tended to be female and tend to have 
a positive family history of patellar instability 
[ 4 ]. In addition, certain anatomic features have a 
high prevalence in patients with symptomatic 
patellar instability. These include trochlear dys-
plasia (>85 %), an increased tibial tubercle to 
trochlear groove (TT–TG) horizontal distance 
(56 %), patella alta (24 %), and patellar tilt 
(>70 %) of patients with instability [ 3 ,  5 ,  15 ,  16 ]. 

 The history, physical exam, and imaging after 
an acute patellar dislocation should therefore be 
performed with the goals of (1) diagnosing the 
patellar dislocation, (2) recognizing associated 
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injuries, and (3) recognizing any historical, con-
genital, or anatomic risk factors for recurrent 
dislocation.  

    History 

    Mechanism 

 The patient nearly always describes an indirect 
mechanism, where the limb and torso is inter-
nally rotated on a fi xed tibia as the knee is held in 
a position of fl exion and valgus. This knee posi-
tion creates a strong lateral force on the patella. 
Less commonly, patients may report a dislocation 
after a direct blow to the patella [ 6 ,  7 ,  13 ,  17 ]. As 
the patella dislocates, patients experience a sud-
den giving way of the knee. Reduction of the 
patella is usually spontaneous and occurs as the 
patient contracts the quadriceps and straightens 
the knee. A manual reduction, when required, is 
usually accomplished by passively extending the 
knee and manipulating the patella medially. In 
very rare instances, the patella may impact into 
the lateral aspect of the lateral femoral condyle, 
requiring an open reduction [ 18 ].  

    Associated Injuries 

 The location and nature of the pain may help iden-
tify underlying injuries. Though the patella is dis-
located laterally, pain is predominantly medially 
based due to the injury to the medial patella soft 
tissue structures. Pain located medially near the 
adductor tubercle of the distal femur may signify 
MPFL avulsion from its femoral insertion. The 
most common site of injury has varied in the 
 literature; however, a recent review has shown 
the incidence to be patella attachment 54 % 
(range 13–75 %), midsubstance tears 12 % (range 
0–30 %), and femoral attachment site 34 % 
(range 12–66 %) [ 19 ]. Further, pain described 
along either the lateral femoral condyle or medial 
patella may correlate with chondral injury sustained 
 during patella relocation. Mechanical symptoms 

such as locking or catching suggest an obstruction 
to movement, such as loose bodies or a displaced 
meniscal tear.  

    Differential Diagnosis 

 The diagnosis of patella dislocation is most 
apparent when the patient actually describes the 
patella subluxing or dislocating. Other descrip-
tions of the incident may be confounding. For 
example, twisting of the knee with sudden giv-
ing way and swelling is also seen with ACL inju-
ries. Reports of the knee “giving out” is 
nonspecifi c and can be seen with other entities 
such as meniscal pathology, loose bodies or 
chondral injuries, or simply patellofemoral (PF) 
pain with bent knee activities. Patients may 
report feelings of instability with pain and crepi-
tus, such as with descending stairs, without 
movement of the patella from its groove.   

    Physical Exam 

 The focused physical exam of the PF joint should 
be approached with the goal of establishing the 
diagnosis of patellar instability and identifying 
associated injuries and anatomic risk factors for 
instability. One should use a systematic approach 
including inspection; palpation; testing for laxity; 
assessing patellar position, stability, and track-
ing; and identifi cation of cartilage injury. In addi-
tion to the PF exam, a comprehensive knee exam 
should also be performed (meniscal provocative 
maneuvers, measurement of range of motion, and 
varus-valgus, anterior-posterior knee stability, 
extensor mechanism integrity) to rule out con-
comitant injuries. 

    Inspection 

 Inspection of the knee should be performed in a 
standing, seated, and supine position. In the 
standing position, note whether the knees are 
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directed straight forward. Knees turned inward 
may represent an underlying internal femoral 
 torsion or external tibial torsion, one or both 
which may contribute to lateral tracking of the 
patella. Coronal plane alignment such as exces-
sive  genu valgum  may also be observed, though 
is better evaluated with long leg standing align-
ment radiographs. 

 In a seated position, calculate the tubercle- 
sulcus angle, a measure of the relationship 
between the tibial tubercle and the trochlear sul-
cus. Described by Kolowich et al., the test 
assesses the distal force vector acting on the 
patella. With the knee fl exed at 90°, a vertical line 
drawn downward from the center of the patella 
(which represents the center of the trochlear 
groove) should intersect the tibial tubercle in 
asymptomatic individuals. Though an exact 
upper value of normal has not been establish, a 
tibial tubercle lateral to this line, particularly if 
greater than 10°, may contribute to an increased 
lateral pull on the patella [ 20 ]. 

 In a supine position, evaluate the skin for prior 
incisions and signs of trauma. The presence of an 
effusion is important to note. Typically a primary 
lateral patella dislocation is associated with dra-
matic swelling with disruption of the medial cap-
sule and extracapsular extension.  

    Palpation 

 In systematic fashion, palpate all relevant patel-
lofemoral joint structures and stabilizers, includ-
ing the MPFL, tibial tubercle, patellar tendon, 
quadriceps tendon, and the patella itself. Pain or 
palpable defects should be correlated with injury 
mechanism and imaging fi ndings. Next, apply 
compressive force to the patella, at different 
angles to concentrate the force on various regions 
of the patella and trochlea. Feel anteriorly for 
patellar crepitus during knee fl exion and exten-
sion. Pain and/or crepitus, though not exacting in 
its relationship to underlying pathology [ 21 ,  22 ], 
should be correlated with imaging to rule out 
localized chondral injury.  

    Patellar Stability and Tracking 

 Patellar Apprehension Test: The patellar appre-
hension test is typically performed with the knee 
in full extension. A lateral directed force is applied 
to the patella. A positive test is confi rmed by the 
presence of patient verbal reported apprehension 
and pain or a strong quadriceps muscle contrac-
tion resisting lateral patella translation. This is 
always compared to the contralateral (usually 
uninvolved) side for comparison. Ahmad modi-
fi ed the apprehension test and renamed it the 
“moving patellar apprehension test” (MPAT), 
where the second portion of the exam involved 
medial-directed pressure (rather than lateral), with 
a positive result defi ned as the patient expressing 
a sense of relief. He compared his results to the 
ability to dislocate the same patellae under anes-
thesia. He found a positive MPAT to be highly 
sensitive (100 %) and specifi c (88.4 %) for detect-
ing patellar instability under anesthesia [ 23 ,  24 ]. 

 Patellar Glide: Restraint of the patella to lateral 
translation is dependent on both bony and soft 
tissue structures as well as the degree of knee 
fl exion (dictating patellar position in the troch-
lea) [ 17 ,  25 ,  26 ]. Of the soft tissue structures, the 
MPFL was found to provide 53 % and 60 % of 
the total restraint to lateral patellar translation in 
two biomechanical studies [ 25 ,  26 ]. The high rate 
of MPFL tears after patellar dislocations war-
rants evaluation of the medial restraints via lat-
eral patellar glide. The exam is performed by 
grasping the patella and shifting it laterally, quan-
tifying the maximum translation in number of 
patellar quadrants that are lateral to the lateral 
trochlear ridge (Fig.  2.1 ) [ 20  ]. 

 Translation less than two quadrants is consid-
ered normal while two or more quadrants repre-
sent laxity of the medial restraints. When this is 
unilateral and associated with an acute injury, it 
likely represents an MPFL injury. More impor-
tant than the absolute translation is the compari-
son to the opposite (uninjured) knee, whether 
there is a fi rm or soft endpoint, and the presence 
of an apprehension sign with this test. 
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 Medial translation is assessed in similar fash-
ion. Less than one quadrant of medial translation 
signifi es a tight lateral retinaculum [ 20 ]. 

 Patellar Tilt: Lateral tilt of the patella as 
assessed on overlapping CT images is seen in 
83 % of patients with symptomatic patellofemo-
ral instability [ 16 ]. On physical exam, the diag-
nosis is made by lifting the lateral patellar edge, 
attempting to manually restore it to a normal hori-
zontal position. Inability to do so signifi es the 
presence of a tight lateral retinaculum [ 27 ]. 

 Patellar Tracking: In a supine position, the 
patient elevates their leg against gravity, then 
actively fl exes and extends the knee slowly. As the 
knee nears full extension, the patella is normally 
seen to track slightly lateral with a smooth pro-
gression. More pronounced lateral movement of 
the patella in terminal knee extension has been 
termed “J-tracking” or the “J-sign.” This phenom-
enon is not clearly understood [ 28 ] but is likely 
due to a combination of factors, most prominently 
the morphology of the trochlea and sagittal posi-
tion of the patella in terminal extension (dictated 
by patella height and trochlear length) [ 29 ].  

    Comprehensive Knee Exam 

 A patellar dislocation may be accompanied by 
additional injuries to the knee; therefore, a  thorough 

physical exam of the knee should include range of 
motion, an evaluation of ligaments, strength test-
ing, and neurovascular assessment.   

    Imaging 

 Imaging studies are obtained to confi rm the diag-
nosis, recognize associated injuries, and identify 
anatomic abnormalities that may have predis-
posed the patient to a patellar dislocation. 
Objective measurements of patella position and 
trochlear morphology are used to guide surgical 
planning. 

    Preferred Studies 

 Standard offi ce radiographs and magnetic reso-
nance imaging (MRI) are usually suffi cient in 
achieving the above stated goals and are the 
mainstay in the workup following a patella 
 dislocation. A combination of radiographs and 
MRI are employed to identify anatomic risk 
factors for dislocation including patellar tilt, 
height and translation, trochlear morphology, 
and tibial tubercle-trochlear groove alignment. 
Computed tomography (CT) is less commonly 
used, though it can be useful when femoral or 
tibial version is suspected as an underlying 
bony risk factor. Importantly, the complexity of 
patellofemoral instability demands that assump-
tions and decisions not be based on any single 
radiologic fi nding or measurement. Rather, a 
combined assessment of all variables, in con-
junction with the history and physical exam, 
will help the clinician better understand the 
injury pattern, risk for re-dislocation, and guide 
further treatment.  

    Radiographs 

 Essential radiographic views include (1) AP of 
bilateral knees, with bilateral hip-to-ankle stand-
ing coronal alignment fi lms; (2) weight-bearing 
true lateral of both knees in 20–30° of fl exion; 
and (3) axial views of both knees in a low fl exion 
angle (20–30°). 

  Fig. 2.1    Patellar glide: greater than two quadrants of lat-
eral patellar translation, in relation to the lateral. Published 
with kind permission of John Wechter 2013. All rights 
reserved       
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    AP Bilateral Knees, AP Hip-to-Ankle 
Alignment Films 
 AP radiographs should be obtained in weight 
bearing. The focused view of the knees may show 
asymmetric patella height or evidence of a patel-
lar dislocation such as a vertical patella fracture, 
though these fi ndings are better seen on other 
views. The long leg hip-to-knee alignment fi lms 
are primarily used for evaluation of coronal knee 
alignment. The method described by Stevens 
et al. [ 30 ] may be the simplest. The mechanical 
axis is drawn from the center of the hip to the 
center of the ankle and should pass through the 
central one-third of the tibial plateau. Deviation 
medially or laterally is deemed  varus  or  valgus  
malalignment [ 30 ]. The  Q -angle, representing 
the lateral vector of pull between the quadriceps 
and patellar tendon, is the angle between a line 
from the anterior–superior iliac spine to the cen-
ter of the patella and a line from the patella to the 
tibial tubercle. Some authors have attributed  genu 
valgum  or increased  Q -angle to recurrent patella 
dislocations or to abnormal patellar congruence 
[ 31 ,  32 ]; however, this has been strongly con-
tested [ 33 – 36 ].  

    Lateral Radiographs 
 The lateral radiograph is typically taken with the 
knee fl exed 30° in full weight bearing, which ten-
sions the patellar tendon and leads to a statisti-
cally signifi cant difference in patellar height 
when compared to non-weight-bearing fi lms [ 37 , 
 38 ]. The bent knee stance is necessary to separate 
the image from the opposite knee. Some have 
chosen to have a single leg stance with the oppo-
site hip fl exed to 90°; this can be useful to deter-
mine patella height in full extension, with 
quadriceps muscle tension fully engaged. 

 The lateral view is helpful for identifying 
trauma incurred during a patellar dislocation, 
such as transverse patellar fractures from a direct 
impact, or proximal/distal patellar pole avul-
sions. It also allows evaluation of patellar insta-
bility risk factors, specifi cally patellar tilt, patella 
alta, and trochlear dysplasia.  

    Patellar Tilt on the Lateral Radiograph 
 Patellar tilt is present in greater than 70 % of 
patients with symptomatic patellar instability 

[ 5 ,  16 ]. While Dejour and Burmann measured 
 patellar tilt on the CT scan, Malghem described a 
classifi cation system based on the lateral radio-
graph, assessing the relationship of the central 
patellar ridge to the lateral facet. With increasing 
patellar tilt, the central patellar ridge will become 
superimposed on, and eventually anterior to, the 
lateral facet [ 39 ] (Fig.  2.2 ).

       Femoral-Based Patellar Height 
Measurement 
 The  Biedert patellotrochlear index  [ 40 ] (Fig.  2.3 ) 
is based on sagittal MR images. It measures the 
percent of patellar articular surface which is 
overlapped by the trochlea cartilage. A trochlea–
patella cartilage engagement of less than 12.5 % 
(index <0.125) signifi es too little overlap and is 
labeled patella alta, while greater than 50 % over-
lap (index >0.5) indicates patella infera.

       Tibial-Based Patellar Height 
Measurement (Fig.  2.4 ) 

     The Insall-Salvati (IS) index  is calculated by 
dividing the patellar tendon length over the great-
est longitudinal dimension of the patella. The 
normal range is 0.8–1.2 with values greater than 
1.2 considered patella alta. Since the IS index 
uses the tibial tubercle, it should not be used in 
patients with prior tibial tubercle osteotomies or 
in preoperative planning for their osteotomy. 
Additionally, the IS index should not be used 
when a long distal non-articular patellar pole is 
present, as this may underestimate the height of 
the  articular  portion of the patella [ 41 ]. 

  The modifi ed Insall-Salvati (MIS) index  [ 41 ] 
describes the location of the articular portion of 
the patella in relation to the tibial tubercle. It is 
useful when a large distal patellar pole is present, 
as the calculation ignores the distal non- 
articulating portion of the patella. Values greater 
than two are deemed patella alta. The cutoff value 
of two, chosen in order to simplify calculation, 
was unfortunately found to miss 22 % of patella 
alta cases when compared to other indices [ 41 ]. 

  The Caton–Deschamps (CD)  index [ 42 ] mea-
sures the distance from the anterior– superior 
 border of the tibia to the distal aspect of the 
 patellar articular surface and divides this by the 
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length of the patellar articular surface. The nor-
mal range is 0.6 and 1.2. Since the measurement 
does not use the tibial tubercle, this index can be 
used to evaluate patella height after a distaliza-
tion of the tibial tubercle. Disadvantages include 
the occasional diffi culty in identifying the 
anterior–superior portion of the tibia or the infe-
rior margin of the patellar articular surface [ 24 ]. 

  The Blackburne–Peel (BP) index  [ 43 ] is calcu-
lated by fi rst drawing a line along the tibial artic-
ular surface. The perpendicular distance from 
this line to the inferior margin of the patellar 
articular surface is divided by the length of the 
articular surface, with the normal range between 
0.5 and 1.0. Dependence on the tibial plateau 
may be a downside, due to measurements being 
affected by tibial slope variations, as well the 

technical diffi culty of obtaining an adequate 
 lateral radiograph [ 24 ]. 

  The most optimal patellar height index  has not 
yet been established; however, certain general-
izations can be made. First, for the sake of sim-
plicity, tibial-based indices are more widely used 
than femoral-based indices, since they can be cal-
culated at any degree of knee fl exion, and calcu-
lations can be made on offi ce acquired imaging. 
Understanding the strengths and limitations of 
these measurements may dictate which indices to 
use. For example, prior  distalization of the tibial 
tubercle or abnormal morphology of the distal 
patellar pole limits the use of the IS ratio. For 
these instances, MIS may be used, though this 
was found to miss 22 % of patella alta as judged 
by other methods [ 41 ]. An overall comparison of 

  Fig. 2.2    Patella tilt evaluation as described by Malghem 
et al. [ 39 ]. ( a ) Position 1 normal position with the lateral 
facet artesior to the crest (median ridge). ( b ) Position 2 is 
mild tilt with the two lines (lateral facet and central ridge) 

superimposed; ( c ) Position 3 is major tilt with the lateral 
facet posterior to the crest; ( d ) Axial view of the patella at 
45° that correcponds to image “c” (major tilt)       
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the tibial-based indices was performed by Seil 
et al. [ 44 ]. He discovered a wide variation 
between the indices in classifying any given 
patella as alta, baha, or normal. He ultimately 
recommended the BP ratio since it was the most 
intermediate ratio in terms of frequency of diag-
nosing patella height as normal, alta, or baha. 
The best measurement may have yet to be devel-
oped. In 2011, Portner introduced a new tibial- 
based technique which may simplify the process 
[ 45 ]. He describes measuring the angle between a 
line drawn along the tibial plateau and the line 
from the inferior patellar articular margin to the 
posterior aspect of the plateau line [ 45 ].  

    Trochlear Dysplasia on the Lateral 
Radiograph 
 A true lateral radiograph of the knee (posterior 
condyles aligned) provides a thorough evalua-
tion of the trochlea [ 37 ,  46 ] but requires an 

  Fig. 2.3     Biedert patellotrochlear index : patellar–troch-
lear overlap (o)/patellar articular surface length ( A ) should 
be greater than 0.125 (12.5 %) [ 40 ].    Published with kind 
permission of John Wechter 2013. All rights reserved       

  Fig. 2.4    Patellar height: measured on the lateral radio-
graph.  Bold line  = tibial surface.  Dot  = anterior–superior 
aspect of tibia. Caton–Deschamps index =  C / D . 

Blackburne–Peel index =  B / P . Insall–Salvati index =  I / S . 
Modifi ed Insall–Salvati =  I ′/ S ′. Published with kind per-
mission of John Wechter 2013. All rights reserved       
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 understanding of the anatomy. With the femoral 
condyles superimposed at their distal and poste-
rior aspects, the examiner follows three key lines 
from posterior to anterior, the lateral condylar 
line, medial condylar line, and trochlear groove 
line (Fig.  2.5 ).

   Abnormal trochlear morphology is prevalent 
in >85 % of patients with symptomatic objective 
patellar instability [ 3 ,  5 ,  15 ,  16 ]. H. Dejour and 
his lyonnaise team were instrumental in describ-
ing markers of trochlear dysplasia as well as a 
classifi cation system. He originally identifi ed 
three classifi cations of trochlear dysplasia based 
on the level of the “crossing sign” on the lateral 
radiograph [ 48 ]. 

 D. Dejour [ 49 ] later used the lateral radio-
graph in combination with the axial CT to intro-
duce a four-grade classifi cation of trochlear 

dysplasia [ 16 ] and ultimately included two new 
signs—the supertrochlear bump and double con-
tour sign within this classifi cation [ 49 ]. 

 Figure  2.5  illustrates some of the radiographic 
signs of trochlea dysplasia, using two- 
dimensional imaging to describe a 3D process. 
These signs include a fl attened or prominent 
trochlear groove, hypoplasia of the medial troch-
lear facet, the “crossing sign,” a “supratrochlear 
spur sign,” the “double contour sign,” and the 
“cliff sign” (Fig.  2.5 ). 

  The crossing sign  is found in 96 % of patients 
with a patellar dislocation and is pathognomonic 
of trochlea dysplasia. It is defi ned by a trochlear 
groove line which meets, or crosses anteriorly to, 
the medial facet line. This signifi es that the troch-
lear groove is fl at or even convex in relation to the 
medial trochlear facet [ 16 ]. 

  Fig. 2.5    Trochlear morphology [ 47 ]: the trochlear groove 
(T) should be posterior to the medial (M) and lateral (L) 
femoral condylar lines. In trochlear dysplasia, the troch-
lear groove is too prominent anteriorly ( anterior arrow ), 
which manifests as a “crossing sign” ( single star ) and 
sometimes a “supratrochlear” bump or “spur” ( triple 

star ). A hypoplastic medial femoral condyle ( posterior 
arrow ) manifests as a “double contour sign” ( double star ). 
A supratrochlear spur plus hypoplastic medial condyle 
creates a steep drop-off or “cliff sign” ( dotted line ) on the 
axial CT/MRI. Published with kind permission of John 
Wechter 2013. All rights reserved       

 

J. Wechter et al.



23

  The trochlear bump, or supratrochlear spur,  is 
found in 66 % of patellar dislocations. It is 
defi ned by a trochlear groove line which is greater 
than 3 mm anterior to a line drawn along the ante-
rior femoral cortex and represents a prominent 
trochlear groove [ 16 ]. This may contribute to 
instability by resisting patellar entrance into the 
proximal trochlea during early fl exion [ 24 ]. 

  The double contour sign  is seen on the lateral 
radiograph as two separate lines, signifying a 
space between the medial and lateral trochlear 
facet lines on sagittal profi le. This corresponds to 
a hypoplastic medial facet and was described by 
D. Dejour as occurring in high-grade trochlear 
dysplasia [ 15 ]. 

 The “cliff sign” is seen on the axial MRI/CT. 
It is named due to the appearance of a prominent 
lateral trochlea in combination with a hypoplastic 
medial facet with a lack of cartilaginous continu-
ity in the steep drop-off between the two con-
dyles [ 47 ].   

    Axial Radiographs 

 Axial radiographs were fi rst reported by Settegast 
in 1921 [ 50 ] and allowed analysis and measure-
ment of patella position in relation to the trochlear 
groove. There are over a dozen methods described, 
with Laurin [ 51 ] and Merchant views [ 52 ] most 
used in the USA. Low angle of knee fl exion 
becomes important when evaluating the trochlea, 
as lesser degrees of fl exion will show the proximal 
portion of the trochlea, where dysplasia of the 
trochlea is most manifest. Axial views on plain 
radiographs have been criticized for image distor-
tion and lack of reproducibility. With the advent of 
serial slicing on axial MRI and CT, which allows 
visualization of the posterior condylar line, more 
precision has been afforded for the measurement of 
tilt. Axial radiographs, however, have remained an 
easy and affordable clinical imaging test to include 
in the outpatient evaluation of PF disorders. 

    Axial Radiograph Techniques 
 Laurin’s technique [ 51 ] describes the knee at 20° 
fl exion, with the X-ray beam aimed proximally, 
parallel to the patellofemoral joint. The cassette 

is held 12 cm proximal to the knee, perpendicular 
to the X-ray beam, and is pushed into the thigh. 
In obese or muscular patients, the cassette may 
need to be moved more proximally or pushed 
more fi rmly into the thigh. 

  Merchant’s technique  [ 52 ] was originally 
described with the knee fl exed at 45°, with the 
X-ray beam aimed distally and elevated 30° from 
the femur. The cassette is held over the anterior 
tibia, perpendicular to the beam. More recently, 
30 and 60° of knee fl exion with a similar beam 
angle have been analyzed and normal parameters 
of patella position described.  

    Patellar Tilt on Axial Radiograph 
  Laurin’s lateral patellofemoral angle  [ 53 ] 
(Fig.  2.6 ) is calculated on the 20° fl exion view and 
consists of the angle between a line drawn across 
the anterior aspects of the trochlear facets and a 
second line drawn along the lateral patellar facet. 
Laurin found that 97 % of normal patients had lat-
eral diversion of the lines, whereas all patients with 
patellar subluxation had either parallel or converg-
ing lines, implying increased lateral  patellar tilt. 
A meta-analysis by Smith [ 54 ] found high hetero-
geneity across studies in the ability for this mea-
surement to distinguish between normal controls 
and patients with patellar instability.

  Fig. 2.6    Laurin’s lateral patellofemoral angle [ 51 ]. 
Laterally, the anterior trochlear line should diverge from 
the lateral facet line ( line a ). With lateral patellar tilt, the 
two lines become parallel ( line b ) or converge laterally 
( line c ). Published with kind permission of John Wechter 
2013. All rights reserved       

 

2 Lateral Patella Dislocations: History, Physical Exam, and Imaging



24

       Patellar Translation on Axial 
Radiograph 
  Merchant’s congruence angle  [ 52 ] (Fig.  2.7 ) is the 
angle between two lines drawn upward from the 
sulcus apex, one which bisects the sulcus angle 
and the other connecting to the central patellar 
ridge. Lateral and medial translation of the patellar 
ridge in relation to the sulcus is labeled in positive 
and negative degrees, respectively. Merchant found 
the average congruence angle in normal controls to 
−6° (SD 11°) compared to patellar instability 
patients who averaged +23°. Smith’s meta-analy-
sis [ 54 ], however, was unable to determine the reli-
ability or validity of this measure, due to “recurrent 
methodologic limitations” across studies.

    Lateral patellar displacement  (Fig.  2.8 ) was 
defi ned by Laurin [ 51 ] as the relationship of the 
medial edge of the patella to the summit of the 
medial trochlear facet. They found that the medial 
patellar edge was lateral to the medial facet 

 summit in 50 % of patients with lateral patellar 
instability compared to only 3 % of the normal 
controls.

    Stress radiographs  may be useful when there 
is a high clinical suspicion of lateral patellar 
 instability despite the standard axial radiographs 
being normal. Teitge [ 55 ] applied 16 lb of later-
ally directed force to the patella and found that 
lateral patellar excursion > 4 mm more than the 
contralateral knee was correlated with recurrent 
patellar dislocations.  

    Trochlear Morphology on Axial 
Radiograph 
  The sulcus angle  is calculated as the angle 
between the apices of the medial and lateral troch-
lear facets and the deepest portion of the trochlear 
groove. Merchant, with the knee in 45° of fl exion, 
found normal subjects to have a mean sulcus 
angle of 138° with a standard deviation of 6° [ 52 ]. 
Values greater than 144° represent a fl attened 
trochlea groove. In a meta-analysis by Smith et al. 
[ 54 ], sulcus angle was able to discriminate well 
between healthy controls and patients with 
 patellar instability. Another study showed higher 
sulcus angles (fl atter sulcus) correlated well with 
other markers of trochlear dysplasia, in particular 
increased patellar tilt and patella alta [ 56 ].   

  Fig. 2.7    Merchant’s congruence angle [ 52 ]: quantifi es 
medial (−) and lateral (+) patellar translation. The sulcus 
angle is drawn from the apices of the medial ( M ) and lat-
eral ( L ) trochlear facets to the lowest point of the trochlear 
sulcus ( S ). Two lines are drawn upward from the sulcus 
apex, one which bisects the sulcus angle ( B ) and the other 
connecting to the central patellar ridge ( P ). The angle 
between  B  and  P  is the congruence angle. Normal ( N ) is 
−6° ± SD 11°. Published with kind permission of John 
Wechter 2013. All rights reserved       

  Fig. 2.8    Laurin’s lateral displacement [ 51 ]. The medial 
edge of the patella ( dot ) should be even with or medial to 
the medial trochlear apex ( T ). Published with kind permis-
sion of John Wechter 2013. All rights reserved       
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    Magnetic Resonance Imaging 

    Identifying Trauma 
 Evaluation of the trochlear cartilage, patellar 
 cartilage, and medial and lateral aspects of the 
femoral condyles is performed on both the axial 
images and the coronal/sagittal reconstructions. 
The  presence of reciprocal lesions of the lateral 
femoral condyle and medial patellar facet imply 
an impaction injury sustained during patellar relo-
cation and are pathognomonic for a lateral patella 
dislocation. Evaluate the mid-substance of the 
MPFL as well as its patellar and femoral inser-
tions to identify the site of injury. Sagittal and 
coronal images are inspected to identify injuries to 
the meniscus, tibio-femoral joint, cruciate liga-
ments, and tibial–collateral and fi bular–collateral 
ligaments.  

    Trochlear Analysis on MRI 
 D. Dejour’s four-grade classifi cation was origi-
nally based upon radiographs and CT; however, 
today, MRI is widely used in place of CT. A 2012 
study by Lippacher and D. Dejour comparing the 
MRI and lateral radiograph found fair inter- and 
intra-observer reliability in classifying dysplasia 
as A, B, C, or D and excellent reliability in clas-
sifying dysplasia as low grade (Type A) or high 
grade (Types B, C, D) [ 57 ]. 

 Increasing emphasis is being placed on a more 
detailed description of trochlear morphology. 
Several measurements are used, all of which essen-
tially examine the relationship of the height of the 
medial and lateral trochlea to the sulcus. These 
MRI measurement schemes include the following:
    Trochlear groove depth  (Fig.  2.9 ): A shallow 

trochlear groove is a radiographic characteris-
tic of trochlear dysplasia and patellar  instability 
[ 16 ,  58 ]. On MRI, groove depth is measured on 
the axial sequence. First, a line is drawn along 
the posterior aspect of the  femoral condyles. 
Then, at a level 3 cm proximal to the tibio-
femoral joint, three perpendicular lines are 
drawn extending anteriorly from the posterior 
condyle line, to the apices of the medial and 
lateral trochlear facets, and to the deepest 
point of the trochlear groove. The length of 
the trochlear groove line is subtracted from the 

average length of the facet lines, to yield the 
trochlear depth. A trochlear groove depth less 
than 3 mm on the MRI is highly correlative 
with the presence of trochlear dysplasia on the 
lateral radiograph [ 59 ,  60 ].

      Lateral trochlear inclination  measures the angle 
of the lateral trochlear facet in relation to the 
posterior condylar line, while the  trochlear 
facet ratio  compares the widths of the medial 
and lateral trochlear facets at a level 3 cm prox-
imal to the tibio-femoral joint. MRI studies by 
Diederichs and Pfi rrmann found lateral troch-
lear inclination <11° and a disproportionately 
small medial trochlear facet (medial:lateral 
facet ratio <40 %) to correlate well with a 
trochlear bump >3 mm and a positive crossing 
sign, both which are established radiographic 
markers of trochlear dysplasia [ 59 ,  60 ].  

  The  sulcus angle  (Fig.  2.7 ), measured on radio-
graphs as the high points of the trochlear facets 
to the deepest point of the sulcus, has an 
unclear role in MRI evaluation. While it has 
been found to correlate with patellar instability 
[ 10 ], one study found inconsistency between 
radiographic and MRI measurements of sulcus 
angle [ 61 ] and another found poor intra and 
inter-observer reliability [ 62 ]. Technique may 
play a factor, as the sulcus angle was found to 
be larger (fl atter trochlea) when measurements 
were made along the articular cartilage as 
opposed to the subchondral bone [ 63 ].      

  Fig. 2.9    Trochlear groove depth: (( L  +  M )/2) −  T .  P —
posterior condylar line;  L —lateral facet height;  M —medial 
facet height;  T —trochlear groove height. Published with 
kind permission of John Wechter 2013. All rights reserved       
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    Alignment Evaluation on MRI 

    Tibial Tubercle to Trochlear Groove 
Distance (Fig.  2.10 ) 
    Increased TT–TG distance is a risk factor for 
patellar instability [ 16 ]. The measurement is 
made on a CT or MRI, using superimposed 
images. It is defi ned as the horizontal distance 
from the anterior aspect of the tibial tubercle to 
the deepest part of the proximal trochlear groove 
on the fi rst axial image showing a complete carti-
laginous trochlea [ 9 ,  64 ]. TT–TG values as low 
as 12.6 on MRI [ 9 ] and 14.4 on CT [ 64 ] and as 
high as 20 mm [ 16 ] have been deemed pathologic 
cutoffs, correlating with symptomatic patellar 
instability. One reason for this wide variation 
may be the wide heterogeneity in soft tissue and 
bony landmarks used for measuring the TT–TG 
distance [ 65 ]. One study found improved inter- 
and intra-observer reliability when using the cen-
ter of the patellar tendon as the tibial landmark, 
rather than the anterior aspect of the tibial tuber-
cle [ 65 ]. Patient body size should also be taken 
into account when interpreting TT–TG, since it is 
a distance rather than a ratio.   

    Patellar Position on MRI 

   Patellar Tilt (Fig.  2.11 ) 
    Lateral patellar tilt greater than 20° has been found 
to be disproportionately present in patients with 

symptomatic lateral patellar instability, when 
compared to normal controls [ 5 ,  16 ]. The angle is 
measured between a line drawn along the poste-
rior condyles and a line through the patellar axis. 

 Referencing off the posterior condyles may be 
superior to the radiographic technique, where 
patellar tilt is measured in relation to a line drawn 
anteriorly across the trochlear facet apices. This 
is an area prone to variation in trochlear dyspla-
sia, such as a hypoplastic facet or a prominent 
trochlear bump. 

  Patella Alta : A high riding patella is established 
as a contributing factor in lateral patellar instabil-
ity and is typically calculated using the above 
described radiographic techniques: IS, CD, BP, 
and femoral-based indices (Figs.  2.3  and  2.4 ). 
These same indices can potentially be applied to 
the lateral MRI, with the advantage that anatomic 
landmarks, particularly the distal insertion of the 
patellar tendon, and the distal extent of the patel-
lar articular surface, can be visualized better on 
the MRI. Interpretation should consider, how-
ever, that full knee extension and a relaxed quad-
riceps could cause the patellar tendon to “sag” 
[ 66 ] and potentially effect the measurement. One 
study compared the IS ratio using radiographs 
and MRI and found no signifi cant difference 
[ 66 ]; however, another study found a small but 
signifi cant decrease in patellar height when using 
MRI and CT, as compared to radiographs. 

  Fig. 2.10    Tibial tubercle to trochlear groove distance 
(TT–TG) [ 16 ]: the horizontal distance ( double asterisk ) 
between two perpendicular lines extended from the poste-
rior condylar line ( P ); one to the anterior aspect of the 
tibial tubercle (TT) and the other to the deepest portion of 
the trochlear groove (TG). Published with kind permis-
sion of John Wechter 2013. All rights reserved       

  Fig. 2.11    Patellar tilt (MRI/CT): the angle between a line 
drawn along the posterior condyles and another drawn 
through the patellar axis. Published with kind permission 
of John Wechter 2013. All rights reserved       
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They recommended that when using the IS ratio, 
0.13 and 0.10 should be added for the MRI and 
CT, respectively. For the BP ratio, 0.09 should be 
added for the MRI only [ 67 ].    

    Conclusion 

 Acute lateral patellar dislocations carry 
 signifi cant morbidity, due to pain and associated 
injuries, as well as the risk for recurrence. The 
history and physical exam are used in conjunc-
tion with radiographs and MRI to confi rm the 
diagnosis and identify injuries to the patellofem-
oral joint and adjacent structures. Anatomical 
measurements, made on physical exam and via 
imaging studies, are helpful for predicting recur-
rence risk and for planning surgical treatment.     

   References 

       1.    Hughston JC, Stone MM. Recurring dislocations of 
the patella in athletes. South Med J. 1964;57:
623–8.  

    2.    Atkin DM, Fithian DC, Marangi KS, Stone ML, 
Dobson BE, Mendelsohn C. Characteristics of 
patients with primary acute lateral patellar dislocation 
and their recovery within the fi rst 6 months of injury. 
Am J Sports Med. 2000;28:472–9.  

      3.    Cash JD, Hughston JC. Treatment of acute patellar 
dislocation. Am J Sports Med. 1988;16:244–9.  

       4.    Fithian DC, Paxton EW, Stone ML, Silva P, Davis 
DK, Elias DA, White LM. Epidemiology and natural 
history of acute patellar dislocation. Am J Sports 
Med. 2004;32:1114–21.  

        5.    Burmann R, Locks R, Pozzi J, Konkewicz E, Souza 
M. Avaliation of predisposing factors in patello-
femoral instabilities. Acta Ortop Bras. 2011;19:
37–40.  

      6.    Hawkins RJ, Bell RH, Anisette G. Acute patellar 
 dislocations: the natural history. Am J Sports Med. 1986;
14:117–20.  

      7.    Sallay PI, Poggi J, Speer KP, Garrett WE. Acute dis-
location of the patella. A correlative pathoanatomic 
study. Am J Sports Med. 1996;24:52–60.  

    8.    Kirsch MD, Fitzgerald SW, Friedman H, Rogers LF. 
Transient lateral patellar dislocation: diagnosis with 
MR imaging. AJR AM J Roentgenol. 1993;161:
109–13.  

      9.    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 pro-
nounced in women who dislocate the patella. Am J 
Sports Med. 2010;38:2320–7.  

    10.    Balcarek P, Walde TA, Frosch S, Schuttrumpf JP, 
Wachowski MM, Sturmer KM, Frosch KH. Patellar 
dislocations in children, adolescents and adults: a 
comparative MRI study of medial patellofemoral liga-
ment injury patterns and trochlear groove anatomy. 
Eur J Radiol. 2011;79:415–20.  

    11.    Hawkins RJ, Switlyk P. Acute prosthetic replacement 
of severe fractures of the proximal humerus. Clin 
Orthop Relat Res. 1993;289:156–60.  

    12.    Stefancin J, Parker R. First-time traumatic patellar 
dislocation: a systematic review. Clin Orthop Rel Res. 
2007;455:93–101.  

     13.    Cofi eld RH, Bryan RS. Acute dislocation of the 
patella: results of conservative treatment. J Trauma. 
1977;17:526–31.  

    14.    MacNab I. Recurrent dislocation of the patella. J Bone 
Joint Surg Am. 1952;34:957–67.  

      15.   Dejour D, Reynaud P, Lecoultre B. Douleurs et insta-
bilite rotulienne. Essai de classifi cation. Medecine et 
Hygiene 1998.  

               16.    Dejour H, Walch G, Nove-Josserand L, Guier C. 
Factors of patellar instability: an anatomic radio-
graphic study. Knee Surg Sports Traumatol Arthrosc. 
1994;2:19–26.  

     17.    Arendt EA, Fithian DC, Cohen E. Current concepts of 
lateral patella dislocation. Clin Sports Med. 2002;21:
499–519.  

    18.    Hackl W, Benedetto KP, Fink C, Sailer R, Rieger M. 
Locked lateral patellar dislocation: a rare case of irre-
ducible patellar dislocation requiring open reduction. 
Knee Surg Sports Traumatol Arthrosc. 1999;7:352–5.  

    19.    Sillanpaa PJ, Maenpaa HM. First-time patellar dislo-
cation: surgery or conservative treatment? Sports Med 
Arthrosc. 2012;20:128–35.  

      20.    Kolowich PA, Paulos LE, Rosenberg TD. Lateral 
release of the patella: indications and contraindica-
tions. Am J Sports Med. 1990;18:359–65.  

    21.    Hand CJ, Spalding TJ. Association between anatomi-
cal features and anterior knee pain in a “fi t” service 
population. J R Nav Med Serv. 2004;90:125–34.  

    22.    Johnson LL, van Dyk GE, Green 3rd JR, Pittsley AW, 
Bays B, Gully SM, Phillips JM. Clinical assessment 
of asymptomatic knees: comparison of men and 
women. Arthroscopy. 1998;14:347–59.  

    23.    Ahmed AD. Radiological assessment of the patella 
position in the normal knee joint of adult Nigerians. 
West Afr J Med. 1992;11:29–33.  

       24.    Zaffagnini S, Dejour D, Arendt E. Patellofemoral 
pain, instability and arthritis: clinical presentation, 
imaging, and treatment. Berlin: Springer; 2010.  

     25.    Conlan T, Garth WP, Lemons JE. Evaluation of the 
medial soft-tissue restraints of the extensor mecha-
nism of the knee. J Bone Joint Surg Am. 1993;75A:
682–93.  

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

    27.    Fulkerson JP, Shea KP. Disorders of patellofemoral 
alignment. J Bone Joint Surg Am. 1990;72:1424–9.  

    28.    Sheehan FT, Derasari A, Fine KM, Brindle TJ, Alter 
KE. Q-angle and J-sign: indicative of maltracking 

2 Lateral Patella Dislocations: History, Physical Exam, and Imaging



28

subgroups in patellofemoral pain. Clin Orthop Relat 
Res. 2010;468:266–75.  

    29.    Post WR. Clinical evaluation of patients with patello-
femoral disorders. Arthroscopy. 1999;15:841–51.  

     30.    Stevens PM, Maguire M, Dales MD, Robins AJ. 
Physeal stapling for idiopathic genu valgum. J Pediatr 
Orthop. 1999;19:645–9.  

    31.    Kwak JH, Sim JA, Kim NK, Lee BK. Surgical treat-
ment of habitual patella dislocation with genu val-
gum. Knee Surg Relat Res. 2011;23:177–9.  

    32.    Omidi-Kashani F, Hasankhani IG, Mazlumi M, 
Ebrahimzadeh MH. Varus distal femoral osteotomy in 
young adults with valgus knee. J Orthop Surg Res. 
2009;4:15.  

    33.    Cooney AD, Kazi Z, Caplan N, Newby M, St Clair 
Gibson A, Kader DF. The relationship between quad-
riceps angle and tibial tuberosity-trochlear groove dis-
tance in patients with patellar instability. Knee Surg 
Sports Traumatol Arthrosc. 2012;20:2399–404.  

   34.   Kummel B. Tibiofemoral incongruity in association 
with patellar instability. Clin Orthop Relat Res. 
1981:97–104.  

   35.    Sanfridsson J, Arnbjornsson A, Friden T, Ryd L, 
Svahn G, Jonsson K. Femorotibial rotation and the 
Q-angle related to the dislocating patella. Acta Radiol. 
2001;42:218–24.  

    36.    Smith TO, Hunt NJ, Donell ST. The reliability and 
validity of the Q-angle: a systematic review. Knee 
Surg Sports Traumatol Arthrosc. 2008;16:
1068–79.  

     37.    Fulkerson JL, Hungerford DS. Patellar tilt/compres-
sion and the excessive lateral pressure syndrome 
(ELPS). In: Fulkerson JL, Hungerford DS, editors. 
Disorders of the patellofemoral joint. Baltimore, MD: 
Williams & Wilkins; 1990. p. 102–23.  

    38.    Yiannakopoulos CK, Mataragas E, Antonogiannakis 
E. The effect of quadriceps contraction during weight- 
bearing on four patellar height indices. J Bone Joint 
Surg Br. 2008;90:870–3.  

     39.    Malghem J, Maldague B, Lecouvet F, Koutaissoff S, 
Vande Berg B. [Plain radiography of the knee: the 
articular surfaces]. J Radiol. 2008;89:692–7. 
quiz708-10.  

     40.    Biedert RM, Albrecht S. The patellotrochlear index: a 
new index for assessing patellar height. Knee Surg 
Sports Traumatol Arthrosc. 2006;14:707–12.  

       41.   Grelsamer RP, Meadows S. The modifi ed Insall- 
Salvati ratio for assessment of patellar height. Clin 
Orthop Relat Res. 1992;170–6.  

    42.    Caton J, Deschamps G, Chambat P, Lerat JL, Dejour 
H. [Patella infera. Apropos of 128 cases]. Rev Chir 
Orthop Reparatrice Appar Mot. 1982;68:317–25.  

    43.    Blackburne JS, Peel TE. A new method of measur-
ing patellar height. J Bone Joint Surg Br. 1977;59:
241–2.  

    44.    Seil R, Muller B, Georg T, Kohn D, Rupp S. Reliability 
and interobserver variability in radiological patellar 
height ratios. Knee Surg Sports Traumatol Arthrosc. 
2000;8:231–6.  

     45.    Portner O, Pakzad H. The evaluation of patellar 
height: a simple method. J Bone Joint Surg Am. 2011;
93:73–80.  

    46.    Dejour H. La dysplasie de la trochlee femorale. Rev 
Chir Orthop. 1990;76:45.  

     47.   Dejour H. La trochleoplastie creusement dans le trait-
ement de l'instabilite rotulienne a propos de 33 cases. 
Lyon; 1994.  

    48.   Dejour H. Terminologie classifi cation des affections 
femoro-patellairet. In Journees Lyonnaise de chirur-
gie du Genou. Lyon; 1987.  

     49.    Dejour D, Le Coultre B. Osteotomies in patello- 
femoral instabilities. Sports Med Arthrosc. 2007;15:
39–46.  

    50.    Settegast J. Typische roentgenbilder von normalen 
meschen. Lehmanns Med Atlanten. 1921;5:211.  

        51.    Laurin CA, Dussault R, Levesque HP. The tangential 
X-ray investigation of the patellofemoral joint: X-ray 
technique, diagnostic criteria and their interpretation. 
Clin Orthop. 1979;144:16–26.  

        52.    Merchant AC, Mercer RL, Jacobsen RH, Cool CR. 
Roentgenographic analysis of patellofemoral congru-
ence. J Bone Joint Surg Am. 1974;56:1391–6.  

    53.    Laurin CA, Levesque HP, Dussault RG, Labelle H, 
Peides JP. The abnormal lateral patellofemoral angle: 
a diagnostic roentgenographic sign of recurrent 
 patellar subluxation. J Bone Joint Surg Am. 1978;60:
55–60.  

      54.    Smith TO, Davies L, Toms AP, Hing CB, Donell ST. 
The reliability and validity of radiological assessment 
for patellar instability. A systematic review and meta- 
analysis. Skeletal Radiol. 2011;40:399–414.  

    55.    Teitge RA, Faerber W, Des Madryl P, Matelic TM. 
Stress radiographs of the patellofemoral joint. J Bone 
Joint Surg Am. 1996;78:193–204.  

    56.    Davies AP, Costa ML, Shepstone L, Glasgow MM, 
Donell S. The sulcus angle and malalignment of the 
extensor mechanism of the knee. J Bone Joint Surg 
Br. 2000;82:1162–6.  

    57.    Lippacher S, Dejour D, Elsharkawi M, Dornacher D, 
Ring C, Dreyhaupt J, Reichel H, Nelitz M. Observer 
agreement on the Dejour trochlear dysplasia classifi -
cation: a comparison of true lateral radiographs and 
axial magnetic resonance images. Am J Sports Med. 
2012;40:837–43.  

    58.    Malghem J, Maldague B. Depth insuffi ciency of the 
proximal trochlear groove on lateral radiographs of 
the knee. Radiology. 1989;170:507–10.  

     59.    Diederichs G, Issever AS, Scheffl er S. MR imaging of 
patellar instability: injury patterns and assessment of 
risk factors. Radiographics. 2010;30:961–81.  

     60.    Pfi rrmann CW, Zanetti M, Romero J, Hodler J. 
Femoral trochlear dysplasia: MR fi ndings. Radiology. 
2000;216:858–64.  

    61.    Salzmann GM, Weber TS, Spang JT, Imhoff AB, 
Schottle PB. Comparison of native axial radiographs 
with axial MR imaging for determination of the troch-
lear morphology in patients with trochlear dysplasia. 
Arch Orthop Trauma Surg. 2010;130:335–40.  

J. Wechter et al.



29

    62.    Nicolaas L, Tigchelaar S, Koeter S. Patellofemoral 
evaluation with magnetic resonance imaging in 51 
knees of asymptomatic subjects. Knee Surg Sports 
Traumatol Arthrosc. 2011;19:1735–9.  

    63.    Toms AP, Cahir J, Swift L, Donell ST. Imaging the 
femoral sulcus with ultrasound, CT, and MRI: reli-
ability and generalizability in patients with patellar 
instability. Skeletal Radiol. 2009;38:329–38.  

     64.    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;13:26–31.  

     65.    Wilcox JJ, Snow BJ, Aoki SK, Hung M, Burks RT. 
Does landmark selection affect the reliability of 
tibial tubercle-trochlear groove measurements 
using MRI? Clin Orthop Relat Res. 2012;470:
2253–60.  

     66.    Miller TT, Staron RB, Feldman F. Patellar height on 
sagittal MR imaging of the knee. AJR Am J 
Roentgenol. 1996;167:339–41.  

    67.    Lee PP, Chalian M, Carrino JA, Eng J, Chhabra A. 
Multimodality correlations of patellar height mea-
surement on X-ray, CT, and MRI. Skeletal Radiol. 
2012;41:1309–14.    

2 Lateral Patella Dislocations: History, Physical Exam, and Imaging



31R.V. West and A.C. Colvin (eds.), The Patellofemoral Joint in the Athlete, 
DOI 10.1007/978-1-4614-4157-1_3, © Springer Science+Business Media New York 2014

        Patellofemoral pain is one of the common 
 conditions presenting to clinicians involved in 
the management of sports injuries, accounting for 
2–30 % of all presentations [ 1 – 8 ]. As patellofem-
oral pain is a multifactorial problem, the mecha-
nism of symptom production is not always 
clear to the clinician. Thus, management of patel-
lofemoral symptoms requires a thorough under-
standing not only of the anatomy and 
biomechanics of the patellofemoral joint but also 
the neural innervation of the various soft tissue 
structures around the knee and the effect of pain 
on muscle activation, so the clinician can effec-
tively minimize the patient’s symptoms and 
improve the lower limb mechanics. 

 This chapter will examine the relevant anat-
omy and biomechanics of the patellofemoral 
joint, outline the signs and symptoms of condi-
tions of patellofemoral origin to assist in differ-
ential diagnosis, and provide assessment 
procedures and intervention strategies for the 
clinician. 

    Anatomy 

 The patellofemoral joint is essentially a soft 
 tissue joint, very much reliant on the soft tissue 
structures to determine the position of the patella 
on the femur. In fact, the patella has been likened 
to a tent with the surrounding soft tissue struc-
tures being the guy ropes [ 9 ].  

    Factors Infl uencing the Passive 
Stability of the Patellofemoral Joint 

    Femur 

    The Shape of the Trochlea 
 The lateral aspect of the femoral trochlea extends 
further anteriorly than the medial aspect, provid-
ing inherent stability once the patella is within 
the confi nes of the trochlea (from 20 to 30° knee 
fl exion) [ 10 ,  11 ]. In a study on fresh frozen 
cadavers, Amis and colleagues found that abnor-
mal trochlear geometry reduced the lateral stabil-
ity of the patella by 70 % at 30° fl exion. Trochlear 
dysplasia, which is a combination of decreased 
trochlear depth with a low lateral femoral con-
dyle, is seen as an important risk factor for patel-
lar instability as the patella cannot engage 
properly in the trochlea [ 12 ,  13 ]. The incidence 
of trochlear dysplasia in patellofemoral pain suf-
ferers reported in the literature ranges from 0.7 to 
2 % [ 13 ,  14 ].  
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    Femoral Anteversion 
 Femoral anteversion is associated with numerous 
abnormalities in the spine and lower limb includ-
ing spondylolisthesis, acetabular labral tears, and 
patellofemoral instability [ 15 – 17 ]. Femoral ante-
version alters the position of the femur relative to 
the patella such that the patella starts in a rela-
tively more laterally displaced position. The 
amount of anteversion can be estimated clinically 
by examining hip rotation range as well as mea-
suring the  Q  angle. The  Q  angle, which  represents 
the line of pull of the rectus femoris muscle, is 
infl uenced by both femoral and tibial positions, 
where external tibial torsion and/or lateral dis-
placement of the tibial tubercle also increases the 
 Q  angle. A  Q  angle of >20°, which is more com-
mon in females, is associated with patellofemoral 
instability [ 9 ,  11 ]. Often individuals with an 
increased  Q  angle have “squinting” patellae and 
slight tibia vara because knee motion is occurring 
about a medially rotated axis.   

    The Patella 

    The Shape and Size of the Patella 
 The patella is a sesamoid bone located within the 
patellar ligament. Its posterior surface has fi ve 
facets, which articulate with the femur: superior, 
inferior, medial, lateral, and odd. The geometry 
of the articular facets of the patella varies among 
individuals and may affect patellar tracking [ 18 –
 20 ]. The inferior part of the posterior surface, 
representing 25 % of the patellar height, does not 
articulate with the femur but lies in close rela-
tionship to the highly nociceptive infrapatellar fat 
pad (IPFP) [ 9 ,  21 ,  22 ]. The articular cartilage of 
the central portion is the thickest in the body, 
reaching 4–5 mm [ 21 ]. Yet, despite the depth of 
the articular cartilage, it is susceptible to failure 
because of poor distribution of force through the 
joint. 

 The lateral facet is almost fl at and lies at an 
angle of approximately 130° to the medial facet 
so it fi ts well with the lateral femoral condyle 
[ 23 ]. It is usually longer and broader than the 
medial facet. Radiographic and cadaveric studies 

have classifi ed patellae into four types based on 
the size and shape of the medial and lateral facets 
[ 24 ,  25 ]. Type II is the most common patella 
shape while type III is the least common. Type III 
and type IV tend to be unstable, so are more 
likely to dislocate [ 26 ].  

    The Position of the Patella 
 The relationship between patella height and 
patella tendon length can determine how the 
patella seats in the trochlea. If an individual has a 
high sitting patella (patella alta), the patella will 
be unstable, as the patella will not engage well in 
the trochlea [ 27 ]. Patella alta is more common in 
females.   

    The Noncontractile Soft Tissue 
Structures 

 In the fi rst 20° of knee fl exion, there is no bony 
support for the patella, so passive stability is pro-
vided by the medial and lateral retinaculum and 
the joint capsule. Anteriorly, the capsule is very 
thin and loose to accommodate the large range of 
normal fl exion. It stretches medially to laterally 
across the anterior surface to contribute to the 
patellar retinaculum [ 28 ]. Proximal excursion of 
the patella from the tibia is limited inferiorly by 
tension in the patellar tendon. The peripatellar 
retinaculum interdigitates with the tendon medi-
ally and laterally [ 9 ]. 

 The lateral side of the knee is made up of vari-
ous fi brous layers, forming the superfi cial and 
deep lateral retinaculum. The anterior portion of 
the superfi cial layer of the lateral retinaculum 
consists of the fi brous expansion of the vastus 
lateralis, running longitudinally along the lateral 
border and inserting into the patellar tendon [ 28 ]. 
Fibers from the iliotibial band interdigitate with 
fi bers from the vastus lateralis and the patellar 
tendon to form the superfi cial oblique retinacu-
lum (Fulkerson). 

 The deep layer, or deep transverse retinacu-
lum, consists of three major components: the epi-
condylopatellar band (lateral patellofemoral 
ligament), which provides superolateral static 
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support for the patella; the midportion, which is 
the primary support structure for the lateral 
patella, courses directly from the iliotibial band 
to the patella; and the patellotibial band which 
provides inferolateral stability for the patella [ 9 ]. 
As most of the lateral retinaculum arises from the 
iliotibial band, tightness of the band, which has 
its greatest infl uence at 20° of knee fl exion, will 
contribute to lateral tracking and tilt of the patella. 
The retinacular support is stronger on the lateral 
side than it is on the medial side. 

 The medial retinaculum is thinner than the lat-
eral retinaculum and was thought to play a lesser 
role in infl uencing patellar position or tracking. 
However, a recent study on eight cadaveric knees 
found that a ruptured medial retinaculum caused 
49 % reduction in lateral stability at 0° fl exion 
[ 29 ]. Three ligaments, the patellofemoral, patel-
lomeniscal, and patellotibial, lie beneath the reti-
naculum and are palpable thickenings in the joint 
capsule [ 30 ,  31 ]. The medial patellofemoral liga-
ment (MPFL) forms the primary restraint to lat-
eral patellar translation, particularly at full 
extension, while the medial patellomeniscal and 
patellotibial ligaments are thought to be less 
important [ 32 – 35 ]. The MPFL is approximately 
55 mm long and is reported to range from 3 to 
30 mm in width, but although it is quite thin it has 
a tensile strength of 209 N. The distal part of the 
vastus medialis obliquus overlays MPFL where 
its fi bers merge deep into the muscle. The medial 
and lateral retinacula are therefore affected by the 
active stabilizers; whereby not only the MPFL 
merges with the vastus medialis oblique (VMO) 
but a large proportion of the lateral retinaculum 
arises from the iliotibial band which provides 
both active, through the tensor fascia latae    and 
gluteus maximus origins, and passive stabiliza-
tion of the patella [ 35 ]. 

 The anterior soft tissues around the hip can 
contribute to increasing the internal rotation of 
the hip, which can adversely affect the stability of 
the patellofemoral joint. These structures include 
the anterior hip joint capsule, iliofemoral and 
pubofemoral ligaments, and tendons of tensor 
fascia latae, rectus femoris, psoas, and adductor 
muscles.  

    Factors Infl uencing the Active 
Stabilization of the Joint 

    Local Stabilizers: Quadriceps 
 The primary active stabilization of the patella 
comes from the quadriceps. The main function of 
the quadriceps is to extend the knee and to control 
the rate of knee fl exion during weight bearing. 
The most effi cient extensor is the vastus interme-
dius, which is the deepest, inserting into the base 
of the patella, posterior to the other quadriceps 
insertions but anterior to the capsule. Acting 
alone it provides 12 % greater mean extensor 
force than the other quadriceps heads [ 36 ]. 

 As the passive medial stability of the patella is 
poor, a great deal of medial patellar stability is 
obtained actively through the muscular attach-
ment of the medial quadriceps into the patella. 
The vastus medialis is commonly divided into the 
oblique portion, the VMO, and the more vertical 
component, the vastus medialis longus (VML) 
[ 36 – 40 ]. While there is often diffi culty accurately 
distinguishing the VMO and VML as separate 
entities, most authors agree that they act as two 
distinct functional units due to their fi ber orienta-
tion and attachments and thus angle of force on 
the patella. The VMO is more obliquely aligned 
(50–55° medially in the frontal plane) than the 
VML (15–18° medially in the frontal plane) [ 36 , 
 37 ,  41 ]. 

 On the lateral side, the VL is oriented 12–15° 
laterally in the frontal plane with the obliquity of 
the distal fi bers being greater. In a study by 
Hallisey and colleagues [ 42 ], it was noted that 
there was an anatomically distinct group of VL 
fi bers separated from the main belly of the vastus 
lateralis by a thin layer of fat. They found that 
this part interdigitated with the lateral intermus-
cular septum before inserting into the patella. 
Vastus lateralis obliquus provides a direct lateral 
pull on the patella because of its interdigitation 
with the lateral intermuscular septum. 

 The vastus medialis obliquus (VMO) opposes 
the lateral vector force of the vastus lateralis 
(VL), allowing a more effi cient extensor moment 
at the knee. In a recent cadaver study, Senavongse 
and Amis found that relaxation of VMO caused a 
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30 % reduction in lateral stability of the patella 
[ 29 ]. This is supported by studies of muscle fi ber 
type, which indicate that vastus medialis func-
tions more as a stabilizer than the VL. The 
mechanical advantage gained by the fi ber orien-
tation is required to counter the relatively larger 
cross-sectional area and thus force producing 
capacity of the VL. Although the VMO does not 
extend the knee, it is active throughout knee 
extension to keep the patella centered in the 
trochlea of the femur, thus enhancing VL effi -
ciency during knee extension [ 36 ,  41 ,  43 ]. 

 Thus, the synergistic relationship between the 
medial and lateral vastii is important in maintain-
ing the alignment of the patella within the femo-
ral trochlea. Electromyographic (EMG) studies 
have demonstrated that the muscle activity of 
VMO and VL in the normal population is rela-
tively balanced in terms of activation magnitude 
and timing in a wide variety of static, dynamic, 
weight-bearing, and non-weight-bearing activi-
ties [ 44 – 49 ]. If the attachment points of VMO 
and VL are changed anatomically, then the retro-
patellar surface area of contact can be dramati-
cally changed [ 50 ]. This has signifi cant 
implications for patients undergoing plication and 
realignment procedures for patellofemoral prob-
lems. Symmetrical displacement of the insertion 
points of the VMO and the VL tendons, either 
proximally or distally, results in greater changes 
at larger fl exion angles (>60°). If the insertion 
points are shifted in an asymmetrical manner, 
then the effect is greater at low fl exion angles 
(<60°). At lower fl exion angles the effect of a lat-
eral imbalance manifests itself as a rotation of the 
patella in the coronal plane, while at higher fl ex-
ion angles, the imbalance is more likely to pro-
duce a tilt of the patella in the sagittal plane [ 50 ]. 

 The location and the orientation of the pres-
sure zone on the retropatellar surface are particu-
larly sensitive to the magnitude and direction of 
tension in the VMO [ 50 ]. A 50 % decrease in ten-
sion in the VMO may result in a signifi cant dis-
placement of the patella laterally, by 5 mm. If the 
VMO is deactivated or the tension in the VL is 
twice that of the VMO, then the pressure zone is 
almost entirely on the lateral facet. Pressure on 
the lateral facet will adversely affect the nutrition 

of the articular cartilage in the central and medial 
zones of the patella. Degenerative change will 
occur more readily in these areas. Therefore one 
of the aims of management of patellofemoral 
problems is to facilitate a balance between medial 
and lateral structures, so the load through the 
joint is distributed as evenly as possible.  

    The Proximal Stabilizers: The Gluteals 
 The control of the proximal segment, i.e., the 
thigh, by the pelvic muscles, particularly the 
 gluteals, is critical for dynamically positioning 
the femur and hence the orientation of the troch-
lea. Subjects with patellofemoral pain have a 
delayed onset of gluteus medius relative to con-
trol subjects [ 51 ]. Strength of the gluteal muscles 
is also decreased in patellofemoral sufferers 
where hip abductor and external rotator strength 
is 26–36 % lower in females with patellofemoral 
pain than age and activity matched controls [ 52 ].    

    Functions of the Patella 

 The patella links the divergent quadriceps muscle 
to a common tendon. Its major function is to 
increase the extensor moment of the quadriceps 
muscle. The patella also protects the tendon from 
compressive stress and minimizes the concentra-
tion of stress by transmitting forces evenly to the 
underlying bone [ 9 ,  51 – 53 ]. 

 The patella acts like a balance beam, adjusting 
the length, direction, and force of each of its 
arms, the quadriceps tendon and the patella ten-
don, at different degrees of fl exion [ 18 ,  51 ,  54 , 
 55 ]. When the knee is extending, the patellofem-
oral contact area moves from proximal to distal 
on the patella surface, so at terminal knee exten-
sion when the quadriceps muscle is at a mechani-
cal disadvantage, it is functioning with a longer 
lever, thus minimizing the need to increase the 
muscle demand. 

    Patellar Excursion 

 The movement of the patella over the femoral 
trochlea and condyles is controlled by the 
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 complex geometries of all the surfaces, the 
 muscles, and the soft tissue structures. As the 
patella glides cephalad and caudad on the femur 
during fl exion and extension of the knee, it rotates 
about three orthogonal axes [ 23 ].  

    Sagittal Plane Movement 

 The prime movement of the patella is in the sagit-
tal plane where the patella courses a proximal to 
distal path relative to the femoral condyles during 
fl exion. The total excursion of the patella in this 
plane throughout the range of knee fl exion is 
between 5 and 7 cm [ 56 ]. At full extension, the 
patella is not in contact with the femur but rests 
on the supratrochlear fat pad, so there is little 
compressive load [ 9 ,  26 ]. Between 0 and 10°, the 
inferior third of the patella starts to come in con-
tact with the trochlea, whilst the superior two 
thirds remains in the supratrochlear fossa [ 26 ]. 
With increasing fl exion, 10–20°, the articular sur-
face of the patella comes into contact with the 
lateral femur through a small band of contact on 
the inferior patellar surface [ 23 ,  56 ]. In this posi-
tion the patellofemoral joint is relatively unstable, 
as the tibia has de-rotated allowing the patella to 
move medial to be in contact with the trochlea. 

 From 30 to 60° the middle surface of the 
patella comes in contact with the middle third of 
the trochlea, with a broader band of contact. By 
60–90°, the upper third of the patella has a broad 
band of contact deep within the trochlea [ 56 ]. 
Thus with increasing knee fl exion, there is 
increased contact of the patella on the femur, 
which increases joint stability and decreases 
pressure experienced through the joint. 

 By 90° of fl exion, the patella moves lateral 
again so the contact areas split into two smaller 
areas medially and laterally on the upper patellar 
surface, corresponding to areas of contact on the 
medial and lateral condyles of the femur. 
Although the patellofemoral contact area has 
diminished by this stage, there is extensive con-
tact of the posterior surface of the quadriceps ten-
don with the trochlea. It is not until 135° of 
fl exion that the medial (odd) facet of the patella 
makes contact with the trochlea. So at full fl exion 

the lateral femoral condyle is completely covered 
by the patella, and the medial condyle is almost 
completely exposed [ 56 ].  

    Frontal Plane Movement 

 In the frontal plane the patella courses a concave 
lateral “C-”shaped curve. At full extension the 
patella sits lateral to the trochlea and rests on the 
supratrochlear fat pad. The “screw home” mech-
anism of the tibiofemoral joint during terminal 
extension causes the tibia to externally rotate in 
relation to the femur, thus lateralizing the tibial 
tubercle [ 9 ,  11 ]. When the knee is fully extended 
and the quadriceps are contracted, a valgus vector 
is produced as the patella is free from the con-
fi nes of the trochlea. Lateral force at this stage is 
resisted by the medial retinaculum and the VMO. 
In the relaxed extended position, there is a mean 
displacement of the patella of approximately 
22 mm, 12 in the medial direction and 10 in the 
lateral direction [ 57 ]. 

 During the fi rst 20° of fl exion, the tibia dero-
tates and the patella is drawn into the trochlear 
notch. The patella then remains in the trochlear 
notch until the knee has fl exed to 90°. Beyond 90° 
the patella moves laterally over the lateral condyle 
so that at full fl exion the lateral femoral condyle is 
completely covered by the patella and the medial 
condyle is, except for the lateral border, completely 
exposed. At this degree of fl exion, the patella 
rotates around its vertical axis and shifts laterally, 
as it slips into the intercondylar notch [ 58 ]. 

 Patellar motion during knee extension has 
been documented from cadaveric studies [ 58 ]. 
From 120° to 30° of knee fl exion, there is a grad-
ual medial shift of the patella reaching a maxi-
mum of 20 mm at 30°. Extension between 30 and 
0° produces a slight lateral glide of the patella 
(2 mm). When the knee is fl exed, slight changes 
in the rotation of the tibia have a signifi cant effect 
on patellar rotation, because the patella is con-
fi ned to the trochlea and the patellotibial band of 
the retinacula are taut. Small changes distally to 
the retinacula will affect patellar rotation [ 59 ]. 

 The patella also has a pitching movement, 
which occurs around a transverse axis. As the 
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knee fl exes the contact area on the patella 
migrates proximally and the inferior pole of the 
patella rocks anteriorly in the sagittal plane [ 23 ]. 
As the knee extends, the inferior pole rocks pos-
teriorly. Excessive posterior rocking of the infe-
rior pole may irritate the IPFP and become a 
potent source of symptoms.   

    Biomechanical Considerations 

 The patellofemoral joint reaction force (PFJRF) 
is equal and opposite to the resultant of the quad-
riceps tendon tension and the patellar tendon ten-
sion. This force is a compressive force increasing 
with fl exion, as the angle between the patellar 
tendon and the quadriceps becomes more acute. 
It changes from 0.5 × body weight during level 
walking, to 3–4 × body weight during stair ascent 
and descent, 7–8 × body weight when squatting, 
and 20 × body weight when jumping [ 9 ,  11 ,  51 ]. 
The increase in the PFJRF with knee fl exion 
offers an explanation for the aggravation of patel-
lofemoral symptoms experienced by individuals 
during bent knee activities. Joints are designed to 
handle compressive stress, by maximizing the 
surface area of contact. The therapist’s objective 
should be to optimize the area of contact, rather 
than to decrease the force, as it will promote bet-
ter nutrient exchange to the articular cartilage. 
Optimizing the area of contact will decrease the 
pressure experienced by the joint for the same 
amount of force, as pressure is proportional to 
force and inversely proportional to the area.  

    Sources of Pain 

 It has also been suggested that individuals with 
patellofemoral pain are outside their envelope of 
function and no longer in homeostasis [ 60 ]. 
These individuals demonstrate a failure of the 
intricate balance of the soft tissue structures 
around the joint, such that there may be an altera-
tion of the pressure distribution from the patella 
to the femur. Many different causes of patello-
femoral pain have been cited in the literature, but 
the mechanism of pain production is not fully 
understood. 

 The structures that may be the possible source 
of the actual PF pain are the synovium, lateral 
retinaculum, subchondral bone, and the IPFP, 
with the articular cartilage as it is aneural, provid-
ing only an indirect source, perhaps either through 
synovial irritation or increasing subchondral bone 
stress. Interestingly enough there is no correla-
tion between amount of articular cartilage degen-
eration and pain experienced by patients with 
osteoarthritis (OA) of the knee, with many OA 
knee patients having episodic bouts of pain for 
years before requiring surgical intervention. The 
severity of OA knee pain is associated with bone 
marrow lesions (edema) with subarticular bone 
attrition [ 61 ,  62 ], synovitis/effusion, and degen-
erative meniscal tears, but it is not associated with 
presence of osteophytes or reduction in joint 
space [ 61 ,  63 ]. Hill and colleagues    [ 61 ] followed 
270 subjects with tibiofemoral (TF) and PF OA 
for 30 months fi nding no correlation between 
baseline synovitis and baseline pain score, but a 
decrease in synovitis at follow- up correlated with 
a reduction in pain. These investigators found 
synovitis in three locations, superior, medial, and 
inferior patella, with infrapatellar synovitis being 
most strongly correlated with pain severity. The 
synovitis was not associated with cartilage loss in 
either the TF or PF compartments [ 63 ]. 

 Free nerve endings (IVa) are present in the 
synovium, [ 64 ] so peripatellar synovitis is a pos-
sible source of patellofemoral pain. Despite the 
evidence supporting the synovium as a potential 
pain source, histological changes in the synovium 
of patients with patellofemoral pain are only 
moderate [ 64 ]. However, there is evidence of his-
tological changes in the lateral retinaculum with 
increased numbers of myelinated and unmyelin-
ated nerve fi bers, neuroma formation, and nerve 
fi brosis being found in some patients with patel-
lofemoral pain [ 64 – 67 ]. Additionally, increased 
intraosseous pressure of the patella has been 
found in patients with PF pain who complain of 
pain when sitting with a bent knee (“movie goers 
knee”), possibly secondary to a transient venous 
outfl ow obstruction [ 67 ]. However, the structure 
that until recently has largely been ignored by the 
orthopedic community, even though it was fi rst 
identifi ed as a potent source of pain by Hoffa in 
1904, is the IPFP [ 68 ]. 
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 The fat pad covers extra-articular part  posterior 
patellar surface, merges superiorly with the peri-
patellar fold, extends into the ligamentum muco-
sum posteriorly, and is lined by synovium [ 69 ]. It 
attaches to the proximal patellar tendon, inferior 
pole of the patella, transverse meniscal ligament, 
medial and lateral meniscal horns, the retinacu-
lum, and the periosteum of the tibia [ 69 ]. The fat 
pad is highly vascular and richly innervated, so is 
one of the most pain sensitive structures in the 
knee [ 21 ,  22 ]. The innervation of the fat pad is 
linked to the entire knee joint structure, so the fat 
pad may be affected by pathology in various knee 
joint components [ 22 ]. To simulate early knee OA 
change, Clements and colleagues [ 70 ] injected 
monoiodoacetate into the right knee of 150 rats 
and after 21 days of weight-bearing asymmetry 
found marked infl ammatory changes in the fat 
pad, concluding that the IPFP contributed to the 
pain in the early stages of knee OA. Experimentally 
induced chemical irritation of the fat pad in 
asymptomatic individuals confi rms that the pain 
is not just confi ned to the infrapatellar region but 
can refer to the proximal thigh as far as the groin 
[ 22 ]. In fact, the fat pad and medial retinaculum 
of PF pain patients contain a higher numbers of 
substance P nerve fi bers than the same structures 
of individuals without PF pain [ 71 ,  72 ]. 

 The fat pad facilitates distribution of synovial 
fl uid, stabilizes the patella in the extremes of 
knee motion (that is less than 20° and greater 
than 100° of knee fl exion), and increases tibial 
external rotation [ 73 ]. A total resection of the fat 
pad decreases patellofemoral contact area [ 73 ]. 
Infl ammatory changes in the fat pad seen on MRI 
are most commonly the consequence of trauma 
and degeneration, with the commonest traumatic 
lesions following arthroscopy, where in 50 % of 
cases fi brous scarring can still be present 12 
months later [ 74 ]. Impingement of the fat pad 
with diffuse edema occurs following patellar dis-
location, often mimicking a loose body [ 75 ].  

    Effect of Pain 

 The presence of pain will certainly decrease 
 muscle activity, timing, and endurance as well as 
alter movement patterns [ 76 ]. However, pain is a 

cortical experience, so extrinsic factors such as 
fear of pain, stress, and anxiety [ 77 ,  78 ] can 
amplify the pain experience for the patient, and 
the contribution of these factors must be under-
stood if we are to satisfactorily improve the reha-
bilitation of individuals with PF pain. Hodges 
et al. [ 76 ] have found that inducing pain in the 
knee of asymptomatic individuals decreases both 
VMO and vastus lateralis (VL) activity, but when 
a painful electric shock is randomly and intermit-
tently applied to the knee of the same individuals, 
mimicking the fear of pain state experienced by 
PF pain patients, only VMO activity is decreased. 
Exposure to fear and stress initiates the secretion 
of several hormones, including  corticosterone/
cortisol, catecholamines, prolactin, oxytocin, and 
renin, as part of the survival mechanism. Such 
conditions are often referred to as “stressors” and 
can be divided into three categories: external 
conditions resulting in pain or discomfort, inter-
nal homeostatic disturbances, and learned or 
associative responses to the perception of 
impending endangerment, pain, or discomfort 
[ 78 ]. Release of cortisol can be detrimental to a 
patient’s recovery. In fact it has been found that 
stress-related hormones can alter inner ear fl uid 
homeostasis and auditory function [ 77 ]. This 
could have implications for the balance of indi-
viduals exhibiting fear/avoidance behavior.  

    Factors Predisposing Individuals 
to PF Pain 

 Several factors predisposing an individual to 
patellofemoral pain have been identifi ed, ranging 
from overuse and training errors to faulty biome-
chanics. Structural causes of patellofemoral pain 
are divided into intrinsic and extrinsic causes. 
Intrinsic structural factors are uncommon and 
relate to dysplasia of the patella or femoral troch-
lea and the position of the patella relative to the 
trochlea. Extrinsic structural faults are reported 
to cause a lateral tracking of the patella or an 
increase in the dynamic valgus vector force [ 9 , 
 11 ,  58 ]. The extrinsic factors include increased  Q  
angle, hamstrings and gastrocnemius muscle 
tightness, abnormal foot pronation, and quadri-
ceps and gluteal muscle dysfunction. 
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 The  Q  angle, representing the line of pull of 
the rectus femoris muscle, has long been the 
benchmark of orthopedic surgeons to indicate PF 
function. Its value is widely debated in the litera-
ture, with many authors questioning the diagnos-
tic relevance of the static  Q  angle, suggesting the 
dynamic  Q  angle has greater relevance [ 9 ,  79 , 
 80 ]. The dynamic  Q  angle is affected by the posi-
tion of the hip from above and the foot below dur-
ing weight-bearing activities. The alignment of 
the hip and the foot is particularly critical at 30° 
of knee fl exion when the patella should be engag-
ing in the trochlea. 

 Many individuals with patellofemoral pain 
have “squinting” patellae and an associated inter-
nal rotation of the femur, which has been hypoth-
esized to cause tightness in the tensor fascia latae 
(TFL) muscle and weakness of the gluteus 
medius muscle. The pelvic muscle imbalance 
will cause faulty gait patterns, where these indi-
viduals demonstrate excessive medial rotation of 
the hip during the stance phase of gait, resulting 
in the pelvis dropping on the opposite side, giv-
ing a Trendelenburg appearance [ 80 ]. This 
altered hip movement will increase the dynamic 
 Q  angle [ 80 ] and hence increase the potential for 
patellofemoral pain. Subjects with patellofemo-
ral pain have a delayed onset of gluteus medius 
relative to control subjects [ 51 ]. Strength of the 
gluteal muscles is also decreased in patellofemo-
ral sufferers where hip abductor and external 
rotator strength is 26–36 % lower in females with 
patellofemoral pain than age and activity matched 
controls [ 52 ]. 

 Soft tissue fl exibility of various structures in 
the lower limb such as ITB, hamstrings, gastroc-
nemius, and anterior hip structures have also 
been implicated as being causative factors in PFP 
syndrome. A tight TFL, through its attachment 
into the ITB, will cause a lateral tracking of the 
patella, particularly at 20° of knee fl exion when 
the band is at its shortest, affecting the engage-
ment of the patella in the trochlea. Hamstrings 
and gastrocnemius tightness cause a lateral 
tracking of the patella, by increasing the dynamic 
 Q  angle [ 11 ,  80 ]. When individuals with tight 
hamstrings run, they land with greater knee 

 fl exion, so an increased amount of dorsifl exion is 
required to position the body over the planted 
foot. If the range of full dorsifl exion has already 
occurred at the talocrural joint, further range is 
achieved by pronating the foot, particularly at the 
subtalar joint. This causes an increase in the val-
gus vector force and hence increases the dynamic 
 Q  angle. 

 Abnormal foot biomechanics such as exces-
sive, prolonged, or late pronation which alters 
tibial and even entire lower limb, rotation at 
varying times through range, has been proposed 
to adversely affect patellofemoral joint mechan-
ics [ 81 – 84 ]. There are intrinsic and extrinsic 
causes of abnormal foot position. The intrinsic 
causes relate to static foot postures such as fore-
foot and rearfoot varus and valgus. The extrinsic 
causes relate to the foot being lateral to the 
weight- bearing line, such as genu valgus and 
internal rotation of the femur, or the weight being 
borne on the lateral aspect of the foot, such as 
tibial varum. 

 The most common cause of PFP cited in the 
literature is quadriceps muscle weakness particu-
larly of the VMO. Ideally, the synergistic rela-
tionship between the VMO and VL should 
maintain the alignment of the patella in the femo-
ral trochlea especially in the fi rst 30° of knee 
fl exion, before the patella is fully engaged in the 
trochlea. It has been proposed that this balanced 
activation of the VMO and VL is disrupted in 
patients with PFPS. The issue of whether the dis-
ruption is in part a motor control dysfunction has 
been investigated by Mellor and Hodges [ 85 ] 
who found that synchronization of motor unit 
action potentials is reduced in PFP subjects 
(38 %) compared with controls (90 %). However, 
the evidence to support an imbalance in the acti-
vation of the vastii (either decreased activation of 
VMO or enhanced activation of VL) is conten-
tious [ 45 ,  86 – 93 ]. Differences in methodology 
(particularly with respect to the use of EMG) and 
the inherent heterogeneity in the PFPS popula-
tion may account for some of the inconsistencies 
in study results. 

 While there is inconclusive evidence to sup-
port or refute an imbalance in the magnitude of 
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vastii activation in patients with PFPS, disrupted 
activation of the vastii may take the form of 
delayed activation of the VMO relative to the VL. 
It has been hypothesized that the VMO, which 
has a smaller cross-sectional area than the VL, 
must receive a feedforward enhancement of its 
excitation level in order to track the patellar opti-
mally [ 86 ,  87 ]. Many studies that have examined 
individuals with PFPS have supported this 
hypothesis, by demonstrating that the EMG 
activity and refl ex onset time of the VMO relative 
to the VL is delayed, when compared with 
asymptomatic individuals [ 44 ,  87 ,  90 ,  91 ]. 
However, the issue is still controversial in the lit-
erature with some studies demonstrating no dif-
ferences in EMG onsets [ 45 ,  48 ,  88 ,  89 ], but a 
more extensive study by Cowan and colleagues 
[ 44 ] found that although the majority of patello-
femoral sufferers have a delayed onset of VMO 
relative to VL on a stair-stepping task (67 % con-
centrically, 79 % eccentrically), there were still 
some whose VMO preceded VL activation. 
Additionally, these investigators found that some 
of the control subjects (no history of PF pain) 
exhibited a delayed onset of the VMO relative to 
the VL (46 % concentrically and 52 % eccentri-
cally) on the stair-stepping task. The study by 
Cowan et al. [ 44 ] may clarify some of the dis-
crepancies found in the literature with regard to 
timing. The stratifi cation of the groups only 
occurs when there are suffi cient subject numbers 
to tease out the difference. Some of the earlier 
studies may not have a statistical signifi cance 
because the power calculations had not been 
done and there were too few subjects. 

 Individuals with PFP not only demonstrate a 
delay in the onset of VMO relative to the VL but 
also relative to the prime mover (tibialis ante-
rior) following postural perturbation where sub-
jects were required to rock back on their heels in 
response to a light stimulus [ 91 ]. In control sub-
jects the VMO preceded the prime mover and 
was activated with the VL [ 91 ]. This feedfor-
ward strategy used by the central nervous sys-
tem to control the patella can be restored by 
physical therapy rehabilitation strategies 
directed at altering muscle recruitment in func-
tional movements [ 92 ].  

    Examination 

    History 

 The initial part of the examination of the patient 
involves obtaining a detailed history, so a differ-
ential diagnosis can be proposed. The diagnosis 
is later confi rmed or modifi ed by the physical 
fi ndings. In the history, the clinician needs to 
elicit the area of pain, the type of activity precipi-
tating the pain, the history of the onset of the 
pain, the behavior of the pain, and any associated 
clicking, giving way, or swelling. This gives an 
indication of the structure involved and the likely 
diagnosis; for example, if the type of activity that 
precipitated the patient’s pain is one that involves 
eccentric loading, such as jumping in basketball 
or increased hill work during running, patellar 
tendinopathy would be suspected [ 11 ,  69 ,  80 ]. 
On the other hand, if the athlete reports pain fol-
lowing tumble turning or vigorous kicking in the 
pool or on delivery of a fast ball in cricket, an 
irritated fat pad would be suspected [ 69 ]. In both 
these conditions the athlete complains of inferior 
patellar pain. The patient with an irritated fat pad 
is aggravated by straight leg raise exercises, so it 
is essential that the therapist recognizes the con-
dition so appropriate management can be imple-
mented to enhance, rather than impede, recovery. 
The clinical diagnosis of fat pad irritation may be 
confi rmed on MRI on a T2-weighted image 
where infl ammation of the fat pad may be visual-
ized. Patellar tendinopathy can be confi rmed on 
diagnostic ultrasound, particularly using color 
doppler or with MRI.  

    Symptoms of Patellofemoral Pain 

 The patient usually complains of a diffuse ache in 
the anterior knee, which is exacerbated by stair 
climbing [ 9 ,  11 ,  80 ]. For many, the knee will ache 
when they are sitting for prolonged periods with 
the knee fl exed—the movie sign. However, 
patients with an irritated fat pad irritation have 
pain with prolonged standing rather than pro-
longed sitting. 
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 Some patients will have crepitus, which is 
often a source of concern for them because they 
feel that the crepitus is indicative of “arthritis.” 
However, the crepitus is mostly due to tight deep 
lateral retinacular structures and can be improved 
with treatment. Abernathy et al. [ 93 ] examined 
the knees of fi rst year medical students ( n  = 123) 
and found that asymptomatic patellofemoral 
crepitus was present in 62 % of the students. 

 Some patients may experience “giving way” 
or a buckling sensation of their knee. This occurs 
during walking or stair climbing, i.e., movements 
in a straight line, and is a refl ex inhibition of the 
quadriceps muscle. It must be differentiated from 
the giving way experienced when turning, which 
is indicative of an anterior cruciate defi cient 
knee. Locking is another symptom, which must 
be differentiated from intra-articular pathology. 
Patellofemoral locking is usually only a catching 
sensation where the patient can actively unlock 
the knee, unlike loose body or meniscal locking, 
where the patient either is unable to unlock or can 
only passively unlock the knee [ 9 ,  11 ]. 

 Mild swelling due to synovial irritation may 
also occur with patellofemoral problems. Mild 
swelling causes an asymmetric wasting of the 
quadriceps muscle, whereby the VMO is inhib-
ited before the VL and RF [ 94 ,  95 ]. So an athlete, 
who has primary intra-articular pathology, such 
as a meniscal or ligamentous injury, may have 
great diffi culty resolving the subsequent second-
ary patellofemoral problem, particularly if it is 
not identifi ed. 

 When considering the possible differential 
diagnoses, the clinician must remember that the 
lumbar spine and the hip can refer symptoms to 
the knee. For example, the prepubescent male 
with a slipped femoral epiphysis may present 
with a limp and anterior knee pain so can ini-
tially be misdiagnosed as having patellofemoral 
pain [ 9 ]. 

 Neural tissue may also be a source of symp-
toms around the patellofemoral joint. Lack of 
mobility of the L5 and S1 nerve roots and their 
derivatives can give rise to posterior or lateral 
thigh pain. Symptoms from neural tissue can be 
fairly easily differentiated from patellofemoral 
symptoms because the pain will be exacerbated 

in sitting, particularly when the leg is straight 
rather than in the classic movie sign position of 
a fl exed knee. The slump sitting test will quickly 
verify the neural tissue as being a source of the 
symptoms [ 96 ]. Similarly, a peripheral nerve 
may scar down or become entrapped following 
arthroscopic surgery. The most common exam-
ple is the infrapatellar branch of the saphenous 
nerve. Symptoms are sharp pain inferomedially 
with/without slightly altered sensation laterally. 
The symptoms are reproduced on deep bend and 
jumping so they are frequently confused with 
patellar tendonitis symptoms because of the 
proximity to the tendon. Pain is reproduced with 
the patient prone, fl exing the knee, and exter-
nally rotating the tibia, to put the nerve on 
stretch [ 97 ].   

    Patellofemoral Instability 

 Patellofemoral instability or recurrent patello-
femoral subluxation is a variant of patellofemoral 
pain syndrome, where there is actual subluxation 
of the patella. It is more common in females and 
tends to be associated with patella alta, a  Q  angle 
>20°, a high attachment of the VMO into the 
patella and dysplasias of the trochlea and patella 
[ 9 ,  11 ,  98 ]. Patients with patellofemoral instabil-
ity will complain of a sensation of giving way on 
certain movements. This usually occurs when the 
femur internally rotates on a fi xed externally 
rotated tibia [ 98 ]. When this happens acutely, 
there is usually swelling which appears within 
12 h of the injury and if the fl uid is aspirated, it is 
serosanguineous [ 98 ]. Whereas, with an acute 
rupture of the anterior cruciate ligament, which is 
often injured with the same cutting action as 
described above for patellofemoral subluxation, 
the swelling occurs within the fi rst couple of 
hours and a hemarthrosis would be aspirated. It is 
important to image all acute knee problems to 
ensure that there has been no disruption to the 
lateral femoral condyle during the subluxation. 

 Patients with patellofemoral instability have 
the same predisposing factors as patellofemoral 
pain syndrome. They exhibit apprehension and 
sometimes pain on lateral movement of their 
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patella. The apprehension sign confi rms the 
 diagnosis. Treatment is based on the same princi-
ples as those for patellofemoral pain management.  

    Other Causes of Knee Pain 

    Iliotibial Band Friction Syndrome 

 The athlete, particularly the distance runner and to 
a lesser extent the skier and the cyclist, who has 
increased the mileage or altered the terrain of the 
training or changed footwear can complain of 
quite specifi c knee pain over the lateral femoral 
epicondyle, where the iliotibial band is being fric-
tioned [ 9 ,  11 ]. Iliotibial band friction syndrome 
accounts for 21 % of knee injuries in runners [ 2 , 
 5 ]. These patients will have a tight iliotibial band 
as confi rmed on a modifi ed Ober’s test, performed 
in side lying with the pelvis in a stable position. 
The test consists of hip extension, adduction, and 
slight external rotation; the knee is then fl exed and 
extended where pain, and sometimes a clicking, is 
elicited. The individuals with iliotibial friction 
syndrome have faulty biomechanics, which pre-
disposes them to the condition, so correction of the 
faulty biomechanics as well as correction of any 
training errors must be addressed in treatment.  

    Plica Syndrome 

 Anterior knee pain, particularly along the medial 
edge of the patella, may be due to an infl amed 
synovial plica [ 99 – 101 ]. The synovial plica is a 
redundant fold in the synovial lining of the knee 
joint, extending from the fat pad medially under 
the quadriceps tendon, superiorly to the lateral 
retinaculum. The plica is an embryonic remnant. 
The patients with an infl amed plica complain of 
pain in sustained fl exed positions, which progres-
sively improves with increased activity. Some 
patients may be aware of a signifi cant pop or snap 
as they fl ex and extend their knee and present with 
a palpable thickening. It has been reported that as 
many as 60 % of examined knees have a palpable 
plica, but the large majority are asymptomatic 
[ 99 ,  101 ]. Plica problems are not common but are 

seen more often in elite cyclists. Arthroscopic 
resection of a thickened, infl amed plica in an ath-
lete, who has failed conservative management, 
may be necessary at times [ 100 ,  101 ].  

    Apophysitis in the Adolescent Knee 
Pain Sufferer 

 The tibial tubercle or the inferior pole of the 
patella may be tender to palpation in the active, 
rapidly growing, usually male, adolescent, indi-
cating that there is an excessive traction on the 
soft tissue apophysis at the proximal or distal 
attachment of the patellar tendon [ 102 ]. If pain is 
elicited on palpation of the tibial tubercle, the 
patient is diagnosed as having an Osgood–
Schlatter disease, which is a more common con-
dition than inferior pole apophysitis 
(Sinding–Larsen–Johansson syndrome). The 
diagnosis is a clinical diagnosis, so an X-ray is 
usually not necessary. However, X-ray may be 
indicated to exclude bony tumor, in cases, where 
the anterior knee pain is severe, and there is a 
large amount of associated swelling. Bone tumors 
are rare, but, in the 10–30-year-age-old group, 
the knee is the site of osteogenic sarcoma [ 9 ]. 

 Both Osgood–Schlatter disease and Sinding–
Larsen–Johansson syndrome are regarded as 
self-limiting conditions, that is, the pain subsides 
at the time of bony fusion which most clinicians 
suggest takes up to 2 years [ 9 ,  102 ]. The tradi-
tional treatment approach is modifi ed activity 
and in extreme circumstances rest from sport [ 9 , 
 102 ]. This is very diffi cult for active adolescents 
to do, because they are thoroughly enjoying their 
sport. Two years is a long time in the life of the 
adolescent and much skill development and mat-
uration can be lost through lack of participation 
and practice. There is a great deal the therapist 
can do for these individuals such as decreasing 
the concentration of stress at the tibial tubercle by 
taping or use of a strap, specifi c muscle training, 
and ensuring adequate fl exibility of the quadri-
ceps, hamstrings, ITB, and gastrocsoleus. All 
these treatment strategies are aimed at reducing 
the symptoms while still allowing the adolescent 
to participate in sport.  
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    Osteochondritis Dissecans in the 
Adolescent Knee Pain Sufferer 

 The patient with osteochondritis dissecans usu-
ally presents with intermittent pain and swelling 
of gradual onset. It must be differentiated from 
juvenile rheumatoid arthritis (Still’s disease) and 
a partial discoid meniscus. In the acute situation, 
the patient with osteochondritis dissecans may 
have an extremely painful, locked, swollen knee. 
The swelling is a hemarthrosis and the locking is 
due to a loose body from a defect at the lateral 
aspect of the medial femoral condyle [ 9 ]. This is 
confi rmed on X-ray and the patient requires an 
immediate orthopedic referral for either fi xation 
of the loosened fragment or removal of the 
detached fragment [ 9 ,  102 ].   

    Physical Examination 

 The physical examination confi rms the diagnosis 
and helps determine the underlying causative fac-
tors of the patient’s symptoms so the appropriate 
treatment can be implemented. By examining the 
patient’s standing position, the therapist has fair 
indication of how the patient will move. The ther-
apist should observe the patient from the front, 
the side, and from behind. From the front, the 
therapist examines the femoral position, which is 
easier to see when the patient has the feet together 
(Fig.  3.1 ). A position of internal rotation of the 
femur is a common fi nding in patients with 
 patellofemoral pain. The internal femoral rota-
tion often causes a squinting of the patellae. The 
internal rotation of the femur is usually associ-
ated with a tight iliotibial band and poor func-
tioning of the posterior gluteus medius muscle. 
This gives rise to poor control of the pelvis, caus-
ing an increase in the dynamic  Q  angle and 
increases the potential for patellofemoral pain. 
Moving down the leg to the knee the therapist can 
observe the bulk of the different heads of the 
quadriceps muscle, the tightness of the ITB 
attachment, and any swelling or puffi ness about 
the knee. An enlarged fat pad, for example, is 
indicative that the patient is standing in hyperex-
tension or a “locked back” position of their knees. 

From this the clinician can infer that the 
 quadriceps control, particularly eccentric control, 
in inner range (0–20° fl exion) will be poor. The 
position of the tibia relative to the femur (valgus/
varus) is noted, and the presence or absence of 
torsion of the tibia is determined, as these bony 
malalignments can affect the way the foot hits the 
ground as well as the patellofemoral position.

   The clinician should palpate the talus on the 
medial and lateral sides to check for symmetry of 
position. In relaxed standing, equal amounts of 
talus should be palpable on the medial and lateral 
sides of the foot. This is the mid-position of the 
subtalar joint. If the talus is more prominent 
medially (which is a common fi nding), then the 
patient has a midfoot collapse so their foot will 
remain pronated for too long a period of time, 

  Fig. 3.1    Typical biomechanical alignment of an individ-
ual with PF pain—internally rotated femurs giving the 
squinting patellae appearance       
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which increases the dynamic valgus vector force. 
The position of the talus from the front is corre-
lated with the position of the calcaneum from 
behind. If the talus is prominent medially, the cal-
caneum should be sitting everted. If the calca-
neum is sitting straight or inverted then the 
clinician can infer that the patient has a stiff sub-
talar joint and will pronate not at heel strike, but 
at mid-stance, thus exhibiting a midfoot collapse. 
The great toe and fi rst metatarsal are examined 
for callus formation as well as position. If the 
patient has callus on the medial aspect of the fi rst 
metatarsal or the great toe, or has a hallux valgus, 
then the therapist should expect the patient to 
have an unstable push-off in gait, which increases 
pelvic rotation. When examined prone, this 
patient will have a forefoot deformity. 

 From the side, the clinician checks the pelvic 
and lumbar spine position, to determine whether 
the pelvis has an anterior or a posterior tilt or 
whether the patient has a “sway back” posture. 
The pelvic position will affect the amount of 
available hip extension and rotation in walking. 
Knee hyperextension or a “locking back” is also 
seen from the side. From behind, the level of the 
PSIS is checked, to determine any leg length dis-
crepancies, gluteal bulk is assessed, and the posi-
tion of the calcaneum is observed.  

    Dynamic Examination 

 The aim of the dynamic examination is primarily 
to reproduce the patient’s symptoms so the clini-
cian has an objective reassessment activity to 
evaluate the effectiveness of the treatment. 
Additionally, the effect of muscle action on the 
limb mechanics can be evaluated. Any deviations 
from the anticipated give a great deal of informa-
tion about the muscle control of the activity. The 
fi rst dynamic activity examined is walking, as it 
is the least stressful activity for the PF joint. For 
example, if an individual stands in hyperexten-
sion of the knees, the quadriceps will not func-
tion well in inner range due to lack of practice, so 
the initial shock absorption at heel strike will be 
minimal. Initial shock absorption occurs with 

knee fl exion of 10–15°, because the foot is 
 supinated when the heel fi rst strikes the ground. 
As soon as the heel hits the ground, the foot rap-
idly pronates, so if that same individual has a stiff 
subtalar joint, shock absorption must come from 
higher up in the body, in this case the pelvis. This 
patient will demonstrate a pelvic instability, 
which, depending on the tilt of the pelvis, will 
cause either an increase in pelvic and ultimately 
trunk rotation or lateral fl exion. If the pelvis is 
anteriorly tilted, then the patient will exhibit an 
increase in pelvic rotation when walking, because 
that individual has a lack of hip extension and 
external rotation. If the pelvis is posteriorly tilted, 
the patient will present with a “Trendelenburg- 
like” gait, indicating weak gluteal musculature. 
The individual with a sway back posture walks 
with a combination of increased tilt and rotation. 
The optimal amount of pelvic movement is 
reported to be 10° for rotation, 4° for lateral tilt, 
and 7° for anteroposterior tilt [ 103 ]. 

 The initial response, when evaluating a patient 
with abnormal pelvic motion, is to give that 
patient pelvic stability work to control the exces-
sive motion. However, if this is the case, the 
patient, who is not shock absorbing at the knee or 
the foot and, now, no longer shock absorbing at 
the pelvis, must shock absorb even higher up, 
perhaps at the cervical spine. If stabilization work 
is given to a patient, the therapist must make sure 
the patient has some scope for movement else-
where, so asking the patient to walk with the 
knees slightly fl exed will improve the shock 
absorption and decrease the need for the exces-
sive movement at the pelvis. 

 If the patient’s symptoms have not been pro-
voked in walking, then evaluation of more stress-
ful activities, such as stair climbing, is performed. 
If symptoms are still not provoked, then squat 
and one leg squat may be examined and used as a 
reassessment activity. With athletes, however, 
these clinical tests are not strenuous enough to 
reproduce their symptoms, as longer duration 
activities, such as running 15 km, provoke symp-
toms. In this situation the clinician can evaluate 
the control of the one leg squat to determine the 
effect of treatment outcome.  
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    Supine Examinatiovn 

 With the patient in supine lying, the clinician 
gains an appreciation of the soft tissue structures 
and begins to confi rm the diagnosis. Gentle but 
careful palpation should be performed on the soft 
tissue structures around the patella. The joint 
lines are palpated to exclude obvious intra- 
articular pathology. The retinacular tissues are 
palpated to determine the parts of the retinacu-
lum that are under chronic recurrent stress. If 
pain is elicited in the infrapatellar region on pal-
pation, the clinician should shorten the fat pad by 
lifting it towards the patella. If on further palpa-
tion, the pain is gone, then the clinician can be 
relatively certain that the patient has a fat pad 
irritation. If the pain remains, then the patient has 
a patellar tendinopathy. The knee is passively 
fl exed and extended with overpressure applied so 
the clinician has an appreciation of the quality of 
the end feel. If any of these maneuvers reproduce 
pain, they can be used as a reassessment sign 
[ 95 ]; for example, the symptoms of fat pad irrita-
tion can be produced with an extension overpres-
sure maneuver. 

    Soft Tissue Flexibility 

 The hamstrings, iliopsoas, rectus femoris, tensor 
fascia latae, gastrocnemius, and soleus muscles 
are tested for length. Tightness of any of these 
muscles has an adverse effect on patellofemoral 
joint mechanics and will have to be addressed in 
treatment. The iliopsoas, rectus femoris, and ten-
sor fascia latae may be tested using the Thomas 
test [ 45 ,  90 ]. To perform the Thomas test, the 
patient is standing with the ischia touching 
the end of the plinth. One leg is pulled up to the 
chest, to fl atten the lumbar lordosis, then 
the patient lies down on the plinth, keeping the 
fl exed leg close to the chest. The other leg should 
be resting such that the hip is in a neutral position 
(i.e., on the plinth, at the same width as the pel-
vis) and the knee should be fl exed to 90°. If the 
hip is in neutral position, but the knee cannot be 
fl exed, the rectus femoris is tight. If the hip is 

fl exed, but lying in the plane of the body, the 
 iliopsoas is tight. But if the hip remains fl exed 
and abducted, the TFL is tight. Lack of fl exibility 
of the TFL can be further confi rmed in side lying 
by Ober’s test. Thomas test needs to be per-
formed on both legs, so a comparison between 
legs can be made. Hamstrings fl exibility may be 
examined by a passive straight leg raise, once the 
lumbar spine is fl attened on the plinth and the 
pelvis is stable. Normal length hamstrings should 
allow 80–85° of hip fl exion, when the knee is 
extended and the lumbar spine is fl attened.  

    Patellar Position 

 One of the most essential parts of patellofemoral 
evaluation in supine is assessing the orientation 
of the patella relative to the femur because the 
clinician is aiming to maximize the surface area 
of contact, so that for the same amount of force 
there is less pressure being distributed through 
the overloaded part of the joint. In order to maxi-
mize the area of contact of the patella with the 
femur, the patellar position should be optimal 
before the patella enters the trochlea. The clini-
cian needs to consider the patellar position not 
with respect to the normal, but with respect to the 
optimal, because articular cartilage is nourished 
and maintained by evenly distributed, intermit-
tent compression. An optimal patellar position is 
one where the patella is parallel to the femur in 
the frontal and the sagittal planes, and the patella 
is midway between the two condyles when the 
knee is fl exed to 20°. The position of the patella 
is determined by examining four discrete compo-
nents, glide, lateral tilt, anteroposterior tilt, and 
rotation, in a static and dynamic manner. An opti-
mal position involves the patella being parallel to 
the femur in the  sagittal plane.  

    Anteroposterior Tilt 

 A most common fi nding is a posterior displace-
ment of the inferior pole of the patella 
(Fig.  3.2 ). This will result in fat pad irritation 
and often manifests itself as inferior patella 
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pain, which is  exacerbated by extension maneu-
vers of the knee. A dynamic posterior tilt 
 problem can be determined during an active 
contraction of the quadriceps muscle as the 
inferior pole is pulled posteriorly, particularly 
in patients who hyperextend.

       Glide 

 Determination of the glide component involves 
measuring the distance from the midpole of the 
patella to the medial and lateral femoral epicon-
dyles. The patella should be sitting equidistant 
(±5 mm) from each epicondyle when the knee is 
fl exed 20°. In some instances, the patella may sit 
equidistant to the condyles, but moves lateral, out 
of the line of the femur, when the quadriceps con-
tracts, indicating a dynamic problem. The 
dynamic glide examines both the effect of the 
quadriceps contraction on patellar position as 
well as the timing of the activity of the different 
heads of quadriceps. The VMO and the VL 
should be activated simultaneously or slightly 
even earlier for the VMO.  

    Tilt 

 If the passive lateral structures are too tight, then 
the patella will tilt so that the medial border of the 
patella will be higher than the lateral border and 
the posterior edge of the lateral border will be 
diffi cult to palpate. This is a lateral tilt and if 
severe can lead to excessive lateral pressure syn-
drome. When the patella is moved in a medial 
direction, it should initially remain parallel to the 
femur. If the medial border rides anteriorly the 
patella has a dynamic tilt problem, which indi-
cates that the deep lateral retinacular fi bers are 
too tight, affecting the seating of the patella in the 
trochlea.  

    Rotation 

 To complete the ideal position, the long axis of 
the patella should be parallel to the long axis of 
the femur. In other words, if a line was drawn 
between the medial and lateral poles of the 
patella, this line should be perpendicular to the 
long axis of the femur. If the inferior pole is 

  Fig. 3.2    Posterior tilt of the inferior pole of the patella. The inferior pole of the patella is embedded in the infrapatellar 
fat pad       
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 sitting lateral to the long axis of the femur, the 
patient has an externally rotated patella. If the 
inferior pole is sitting medial to the long axis of 
the femur, then the patient has an internally 
rotated patella. The presence of a rotation com-
ponent indicates that a particular part of the reti-
naculum is tight.   

    Side Lying 

 In side lying the clinician assesses the fl exibility 
of the lateral retinaculum—superfi cial and deep 
fi bers, by gliding and tilting the patella medially. 
Any tightness of these structures can be addressed 
by soft tissue work as well as an injection of local 
anesthetic into the tight band to facilitate loosen-
ing of the structures.  

    Prone 

 Examination of some of the contributory factors 
to the patellofemoral problem is best performed 
in prone. In this position the clinician can exam-
ine foot position, anterior hip fl exibility and, if 
necessary, palpate the lumbar spine and sacroil-
iac joints. The fl exibility of the anterior hip struc-
tures can be examined with the patient in a 
fi gure-of-four position, where the bent leg is 
placed under the straight leg with the malleolus at 
the level of the tibial tubercle (Fig.  3.3 ). This 
position tests the available hip extension and 

external rotation, which is often limited because 
of chronic adaptive shortening of the anterior 
structures as a result of the underlying femoral 
anteversion. The distance of the ASIS from the 
plinth is measured, so the clinician has an objec-
tive measure of change.

       Treatment 

 Most patellofemoral conditions are successfully 
managed with nonoperative treatment. The aims 
of the treatment are twofold: fi rst, to unload the 
painful structures around the PF joint by optimiz-
ing the patellar position and second, to improve 
the lower limb mechanics, which, if executed 
well, will signifi cantly decrease the patient’s 
symptoms. 

    Patellar Taping 

 Patellar taping is unique to each patient, as the 
component/s corrected, the order of correction 
and the tension of the tape is tailored for each 
individual based on the assessment of the patellar 
position. The worst component is always cor-
rected fi rst and the effect of each piece of tape 
on the patient’s symptoms should be evaluated 
by reassessing the painful activity. It may be 
 necessary to correct more than one component. 
After each piece of tape is applied, the symptom 
producing activity should be reassessed. The tape 
is kept on all day every day until the patient has 
learned how to activate his/her VMO at the right 
time, that is, the tape is like trainer wheels on a 
bicycle and is discontinued once the skill is 
established. 

 If a posterior tilt problem has been ascertained 
on assessment, it must be corrected fi rst, as tap-
ing over the inferior pole of the patella will aggra-
vate the fat pad and exacerbate the patient’s pain. 
The posterior component is corrected together 
with a glide or a lateral tilt with the non-stretch 
tape being placed on the superior aspect of the 
patella, either on the lateral border to correct lat-
eral glide or in the middle of the patella to correct 
lateral tilt. This positioning of the tape will lift 

  Fig. 3.3    Assessment of anterior structure hip tightness. 
This is done in prone fi gure 4 with the lateral malleolus of 
the bent leg at the level of the tibial tubercle. Ideally the 
patient’s hip should be fl at on the table       
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the inferior pole out of the fat pad and prevent 
irritation of the fat pad. 

 Tape should immediately decrease the symp-
toms by at least 50 %. If the tape cannot change 
the patient’s symptoms immediately or even 
worsens them, then one of the following must be 
considered:
    1.    The patient requires additional taping to fur-

ther unload the infl amed IPFP.   
   2.    The tape was poorly applied.   
   3.    The assessment of patellar position was 

inadequate.   
   4.    The patient has an intra-articular primary 

pathology which was inappropriate for taping.      

    Unloading 

 The principle of unloading is based on the prem-
ise that infl amed soft tissue does not respond 
well to stretch. For example, if a patient presents 
with a sprained medial collateral ligament, 
applying a valgus stress to the knee will aggra-
vate the condition, whereas a varus stress will 
decrease the symptoms. The same principle 
applies for patients with an infl amed fat pad, an 
irritated iliotibial band, or a pes anserinus bursi-
tis   . The infl amed tissue needs to be shortened or 
unloaded. To unload an infl amed fat pad, for 
example, a “V” tape is placed below the fat pad, 
with the point of the “V” at the tibial tubercle 
coming wide to the medial and lateral joint lines. 
As the tape is being pulled towards the joint line, 
the skin is lifted towards the patella, thus short-
ening the fat pad. If this is not suffi cient to 
decrease the patient’s symptoms, a fi rm pull for-
ward of the tibia just below the popliteal fossa is 
usually suffi cient to decrease the pull on the fat 
pad created by the sag of the gastrocnemius 
(Fig.  3.4 ).

   The patient should never train with or through 
pain or effusion, as it has been shown quite con-
clusively that effusion has an inhibitory effect on 
muscle activity [ 94 ,  95 ,  104 ]. If the patient 
 experiences a return of the pain, then the patient 
should readjust the tape. If the activity is still 
painful, the patient must cease the activity imme-
diately. The tape will loosen quickly if the lateral 

structures are extremely tight or the patient’s job 
or sport requires extreme amounts of knee 
fl exion. 

 Tape has been found to
    1.    Decrease pain [ 105 – 109 ]   
   2.    Increase quadriceps muscle torque [ 108 ]   
   3.    Increase loading knee fl exion response [ 106 ]   
   4.    Alter VMO timing [ 105 ,  107 ]   
   5.    Alter joint position [ 110 ]      

    Other Taping to Enhance Muscle 
Activation 

 Frequently, the gluteal muscles are not fi ring 
well, so the patient exhibits adduction and inter-
nal rotation of the femur during weight-bearing 
activities, so taping the gluteal muscles can 
improve the stability of the pelvis. This tape is 
applied once a week for a couple of weeks, 
because improved gluteal activation occurs rela-
tively quickly. Kilbreath and coworkers [ 111 ] 
demonstrated improved hip extension in a group 
of stroke patients following gluteal taping. The 
subjects who had experienced a stroke between 2 
and 11 years ago walked at two different speeds 
(self-selected and fast) under three different con-
ditions (control, therapeutic, and placebo tape). 
With the therapeutic tape in situ subjects went 

  Fig. 3.4    Unloading the fat pad with tape. The patella is 
tipped out of the fat pad and then a muffi n top is created 
with the soft tissues lifting them from the tibial tubercle 
up towards the patella. For the recalcitrant fat pad prob-
lem, a fi nal piece of tape may be added. This commences 
posteriorly just below the popliteal fossa to pull the tibia 
forward and further unload the fat pad       
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from 3° of hip fl exion in the control situation to 
11° extension in self-selected walking speed and 
8° in fast walking. No difference was found with 
placebo tape. 

 If the patient is unable to control the femoral 
position, tape may be used to externally rotate the 
femur giving a proprioceptive reminder to the 
patient, not to internally rotate (Fig.  3.5 ). 
Unfortunately, this tape is not as well tolerated 
because it causes a skin pull on the thigh and the 
sacrum during sitting. However, it usually only 
needs to be applied for a short period of time 
while the motor recruitment pattern changes.

   If the patient is having diffi culty recruiting the 
VMO or the VMO activity is less than the VL, 
the VL can be inhibited, by applying fi rm tapes 
from mid-thigh across the lateral aspect of the 
thigh. A recent within-subject placebo-controlled 
trial on asymptomatic individuals found that this 
inhibitory tape signifi cantly reduced the EMG 
activity of VL compared with no tape or placebo 
tape in a stair descent task [ 112 ].   

    Stretching Tight Soft Tissue 
Structures 

 The deep lateral retinacular structures may 
require stretching. This can be done in side lying 
(as shown in Fig.  3.6 ). The anterior hip structures 
are usually tight as these individuals often have 
anteverted femurs. These structures may be 
stretched in a “fi gure-of-four” position in prone. 
The malleolus of the bent leg is placed under the 
straight leg at the level of the tibial tuberosity. 
The patient elongates the thigh towards the wall. 
The stretch is usually held for 5 s and repeated 
fi ve times. If there is a pull anteriorly, the patient 
can hold the anterior soft tissues, lifting the 
adductors fi rmly towards the head to take the ten-
sion off these structures. The patient can also be 
given stretches for other soft tissues, such as 
hamstrings, gastrocnemius, rectus femoris, and 
TFL/ITB, which were found to be tight on the 
examination.

  Fig. 3.5    ( a ) Externally rotating the femur. The patient 
keeps the feet anchored and turns the body away to create 
an external rotation of the femur ( b ). The tape commences 

on the  middle  of the anterior aspect of the thigh and 
 fi nishes at the sacrum       
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        Muscle Training 

 Individuals with patellofemoral pain need to 
 up- train the VMO and the gluteal musculature to 
improve the dynamic stability of the patellofemo-
ral joint. How is this achieved? 

 Before progressing further into exercise pre-
scription, some discussion is required on the 
importance of training specifi city. A recent study 
by Jensen and colleagues [ 113 ] comparing 4 
weeks of strength training versus visuomotor 
skill training of the biceps brachii demonstrated 
statistically signifi cant changes as measured by 
transcranial magnetic stimulation in corticospi-
nal excitability in the skill training group but not 
in the strength training group. This study  confi rms 
what has been previously established in the liter-

ature about the importance of specifi c training to 
facilitate skill improvement [ 114 – 116 ]. It is pos-
sible to identify at least four aspects of strength 
training specifi city:
    1.    Strength training effects are largely muscle 

specifi c [ 114 ].   
   2.    The training effect is joint angle specifi c, that 

is, if a muscle is trained isometrically at one 
angle or dynamically through a limited range, 
then the increases in strength occur where the 
training has taken place with limited increases 
at other joint angles [ 116 ].   

   3.    The training response is specifi c to the type 
of contraction and the velocity of the contrac-
tion [ 115 ].   

   4.    Training is specifi c to limb position [ 114 ], that 
is, there is a postural specifi city to training, so 
we are training synergistic muscle activation 
patterns.    
  For the patellofemoral joint, there is increas-

ing evidence that weight-bearing or closed-
chain training is more effective than open-chain 
exercises. Stensdotter and colleagues [ 117 ] 
found in asymptomatic subjects that closed-
chain knee extension promoted a more simulta-
neous onset of EMG activity of the four different 
muscle portions of the quadriceps compared 
with open chain. In open chain, rectus femoris 
had the earliest EMG onset while the VMO was 
activated last with smaller amplitude than in 
closed chain. These authors concluded that 
closed kinetic chain exercise promotes a more 
balanced initial quadriceps activation than open 
kinetic chain exercise. This supports the previ-
ous fi nding of Escamilla and coworkers [ 118 ], 
who found that open kinetic chain exercises 
produced more rectus femoris activity with 
closed-chain exercises producing more vastii 
activity. Closed kinetic training allows simulta-
neous training not only of the vastii but also the 
gluteals and trunk muscles to control the limb 
position in weight bearing. A dual channel bio-
feedback with electrodes placed on the VMO 
and VL helps the patient to optimize the fi ring 
patterns of the VMO and VL, which signifi -
cantly enhances the muscle training particularly 
in weight bearing. 

  Fig. 3.6    Weight bearing gluteal exercise which simulates 
walking. The patient turns 45° into the wall, and puts the 
knee of the inside leg against the wall for balance. The 
knee of the standing leg is slightly fl exed; the pelvis is 
tucked under and the weight is back through the heel. The 
patient turns the standing thigh out without moving the 
hip or the foot       
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    Improving Local Control 

 Patients with patellofemoral pain usually have 
poor inner range quadriceps control, so small- 
range weight-bearing activities in front of a mir-
ror are commenced early in the retraining 
program to ensure an optimal alignment of the 
lower limb. This must be performed in the pain- 
free range, in the fi rst 30° of knee fl exion, where 
the patellar position has been controlled by tape, 
and the patient can control the femoral position, 
by keeping the hip, knee, and foot aligned. The 
essential aspect of training in early stages of 
rehabilitation is that emphasis should be given to 
the timing and intensity of the VMO contraction 
relative to the VL. The patient starts with the feet 
positioned pelvis-width apart, facing forward, 
and with the weight distributed either equally on 
both feet or partially through the symptomatic 
limb. The patient is instructed to maintain the 
pelvis, hips, knees, and feet in a forward-facing 
alignment by squeezing the gluteals, while the 
knees are slowly fl exed to 30° and then returned 
to full extension without locking the knees back. 

 VMO retraining can progress to small-range 
fl exion and extension movements in the walk 
stance position, with the VMO constantly active. 
This position not only simulates the motion of the 
knee during the stance phase of walking, but it is 
also the position where VMO recruitment is poor 
and the seating of the patella in the trochlea is 
critical. Again, emphasis should be given to the 
timing and intensity of the contraction of VMO 
relative to VL.  

    Improving Proximal Control 

 Training the gluteal musculature to improve 
stance phase of gait is required to decrease the 
lack of femoral control in weight bearing and 
improve the stability of the lower extremity. The 
patient stands with the asymptomatic leg closest 
to the wall at a distance of a fi st away from the 
wall. The patient’s whole body is turned 30° into 
the wall and the weight is transferred to the out-
side (symptomatic) leg. The knee of the leg clos-
est to the wall is fl exed to 60° with the knee 

touching, not pushing the wall, for balance pur-
poses. The foot is off the ground. The hips are 
kept in neutral position so the thighs are parallel. 
The patient’s weight is directed through the heel 
of the weight-bearing leg, the pelvis is slightly 
posteriorly tilted, and the knee is slightly fl exed. 
The patient externally rotates the standing leg 
without turning the foot, the pelvis, or the shoul-
ders. The patient should sustain the contraction 
for 20 s, so a burning can be felt in the gluteus 
medius region. The patient can progress this by 
fl exing the hip of the non-weight- bearing leg to 
90°. Again, the knee just touches the wall for bal-
ance while the patient externally rotates the 
standing leg without moving the foot, pelvis, or 
shoulders (Fig.  3.7 ). These positions improve the 
patient’s core control for the single- support phase 
of walking and the strike phase of running. The 
training may be progressed to standing on one leg 
where the pelvis is kept level and the lower 
abdominals and the glutei are worked together 
while the other leg is swinging back and forward, 
simulating the stance phase of gait. This is better 
performed in front of the mirror so the patient 
receives feedback about body alignment and limb 
position. 

 As these exercises require a degree of coordi-
nation, some patients may need to be more stable 
initially, so they can stand parallel to a wall, 
keeping both feet on the fl oor and isometrically 
abduct both legs, with the weight back through 
the heels and the knees slightly fl exed. This trig-
gers a less specifi c gluteal contraction, but it 
improves the patient’s awareness of the gluteal 
musculature. Some patients also benefi t from 
using an elasticized band/tubing around the 
ankles for resistance. The patient stands on the 
symptomatic leg while extending and abducting 
the asymptomatic leg to 45° without rotating or 
tilting the pelvis. The patient aims to do as many 
repetitions as he/she can without losing control 
of the pelvis. The number of repetitions and/or 
the thickness of the tubing can be increased as 
the patient improves. 

 If the patient has poor balance and is not be 
able to perform the weight-bearing exercises 
described above, a more stable position of side 
lying is preferable where the patient has the hips 
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and knees fl exed to 90° and lifts the top knee 
away from the bottom knee while keeping the 
feet together (clam exercise). Once pelvic control 
has improved, step training can be implemented. 

 The patients need to practice stepping up and 
down, initially using a small step. This should be 
performed slowly, in front of a mirror, so that 
changes in limb alignment can be observed and 
deviations can be observed and corrected. Some 
patients may be able to do only a small number of 
repetitions with correct lower limb alignment. 
Since inappropriate practice can be detrimental 
to learning, a small number of exercises with cor-
rect alignment are suffi cient. These exercises 
should be performed frequently throughout the 
day with the number of repetitions being 
increased as the skill level improves. For further 

progression, the patient can move to a larger step, 
initially decreasing the number of contractions 
and then slowly increasing the exercises again. 
As the patellofemoral pain improves, the patient 
can alter the speed of the stepping activity, the 
amount of range used and rate of the change of 
direction. Weights may be introduced in the 
hands or in a backpack. Initially, the number of 
repetitions and the speed of the movement should 
be decreased and slowly built back up again. The 
aim of retraining is to make the transition from 
functional exercises to functional activities. 
Training should be applicable to the patient’s 
activities/sport, so that a jumping athlete, for 
example, should have jumping incorporated in 
the program. Figure-of-eight running, bounding, 
jumping off boxes, jumping and turning, and 

  Fig. 3.7    Manually stretching the tight deep lateral reti-
nacular tissue. Patient is in side lying with the knee fl exed 
to 30°, the clinician pushes on the medial aspect of the 

patella to expose the lateral aspect and put the deep lateral 
retinacular tissues on stretch       
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other plyometric routines are particularly appro-
priate for the high performance athlete. However, 
the patient’s VMO needs to be monitored at all 
times for timing and level of contraction relative 
to the VL. 

 As the VMO plays an important stabilizing 
role for the patellofemoral joint, endurance train-
ing is the ultimate goal. The number of repeti-
tions performed by the patient at a training 
session will depend upon the onset of muscle 
fatigue. Initially, it is important to emphasize 
quality and not quantity, progressing to increase 
the number of repetitions before the onset of 
fatigue. Patients should be taught to recognize 
muscle fatigue or quivering, so that they do not 
train through the fatigue and risk exacerbating 
their symptoms.  

    Improving Distal Control 

 It may be necessary to control the foot position 
with an orthotic. Both rigid and soft orthotics 
have been found to be equally effective for con-
trolling patellofemoral symptoms [ 119 ]. 
Compliance is the biggest issue with orthotics 
but comfort of the orthotic will improve the 
compliance. If the athlete is involved in change 
of direction sport, they are better off in a soft 
orthotic as there will be fewer issues with blisters. 

 Additionally the clinician can help the patient 
train the supinators of the foot, specifi cally tibi-
alis posterior, particularly if the patient demon-
strates prolonged pronation during the 
mid-stance in gait. With the foot supinated, the 
base of the fi rst metatarsal is higher than the 
cuboid, which will allow the peroneus longus to 
work more effi ciently to increase the stability of 
the fi rst metatarsal complex for push-off. The 
therapist can train this action to improve the effi -
ciency of push-off. The position of training is in 
mid- stance; the patient is instructed to lift the 
arch while keeping the fi rst metatarsal head on 
the fl oor and then pushing the fi rst metatarsal 
and great toe into the fl oor. If the patient is 
unable to keep the fi rst metatarsophalangeal 
joint on the ground when the arch is lifted, then 
the foot deformity is too large to correct with 

training alone and orthotics will be necessary to 
control the excessive pronation. If the patient 
has a stiff subtalar joint, the therapist can 
increase the mobility of the subtalar joint by 
mobilizing the calcaneum to increase eversion. 
The mobilization position should simulate the 
position of heel strike. This can be achieved by 
having the patient in side lying with the talocru-
ral joint in a close- packed position and the tibia 
stabilized. The clinician then glides the calca-
neum laterally. Tape can be used to help main-
tain any gains in range.   

    Daily Strategies 

 Patellofemoral pain is not cured but is managed 
by ensuring that the exercise regime is incorpo-
rated into the patient’s daily routine. The exer-
cises should only take 5 min otherwise the patient 
is unlikely to continue with the exercises. The 
patient needs to realize that to keep the knee in 
“good health,” these exercises are like cleaning 
their teeth—essential part of body maintenance. 
No more than four, but preferably three exercises 
should be given and should consist of weight- 
bearing gluteal training, small squats, and ante-
rior hip stretches, where no equipment is needed 
so the patient can do the exercises at any time and 
place. Patients need advice on how to stand and 
how to get out of a chair. The patient should stand 
with the heel of front foot positioned into the 
instep of the back foot, so the legs are slightly 
externally rotated, the knees should be soft, and 
some part of one leg should touch the other leg 
(like third position in ballet—Fig.  3.8 ). This posi-
tion enhances slight gluteal and abdominal acti-
vation, improving femoral control. When getting 
out of a chair, the patient’s tibia should remain 
directly underneath the femur to decrease the val-
gus loading on the knee.

       Evidence 

 It has been found that 6 weeks of 1 session per week 
of physical therapy treatment changes the onset 
timing of VMO relative to VL during stair- stepping 
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and postural perturbation tasks. At baseline in both 
the placebo and treatment groups, the VMO came 
on signifi cantly later than the VL. Following treat-
ment, there was no change in muscle onset timing 
of the placebo group, but in the physiotherapy 
group, the onset of VMO and VL occurred simulta-
neously during concentric activity, and VMO pre-
ceded VL during eccentric activity [ 120 ]. 

 A recent six treatment randomized, double- 
blind, placebo-controlled trial which included 
 specifi c weight-bearing gluteal and VMO train-
ing, as well as anterior hip structure stretches, 
showed that the physical therapy group demon-
strated a signifi cantly better response to treat-
ment and greater improvements in pain and 
functional activities than the placebo group [ 121 ]. 
Hence, physical therapy is effective in improving 
pain and function in patellofemoral pain patients 
as well as altering VMO onset relative to VL.  

    Surgical Intervention 

 In most circumstances, surgical intervention is 
not warranted for patellofemoral pain, and if the 
patient has a surgical procedure to improve pain 
the symptoms often worsen. However, there are 
some recalcitrant problems where surgery may 
be helpful but only after comprehensive nonop-
erative management has been tried.
    1.    Lateral release is indicated if the patient has 

extremely tight lateral retinaculum, particu-
larly the deep fi bers.   

   2.    Chondroplasty ± osteoplasty is indicated if the 
patient is experiencing recurrent effusions and 
locking of the knee. Minimal intervention is 
required here.   

   3.    MPFL reconstruction is indicated for a 
patient with recurrent patellofemoral 
subluxation.   

  Fig. 3.8    ( a ) Ballet third position—an easy standing strategy to activate the gluteals and decrease the stress on the ITB. 
The knees should be soft, not be locked back ( b ) Ballet third position from behind       
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   4.    In extremely rare cases, for recurrent patello-
femoral dislocation a realignment procedure 
may be helpful, but the outcome of these pro-
cedures is extremely variable.      

    Conclusion 

 Management of patellofemoral pain is no longer 
be diffi cult if the clinician can determine the 
underlying causative factors and address those 
factors in treatment. It is imperative that the 
patient’s symptoms are signifi cantly reduced. 
This is often achieved by taping the patella, 
which not only decreases the pain but also pro-
motes an earlier activation of the VMO and 
increases quadriceps torque. Management will 
need to include specifi c VMO training, gluteal 
control work, stretching tight lateral structures, 
and appropriate advice regarding the foot, be it 
orthotics, training, or taping.     
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           Introduction 

 Management of patellofemoral instability in the 
skeletally immature patient has a unique set of 
challenges. These patients are commonly the 
most active group of patients seen in a sports 
practice with several years of participation in 
organized sport ahead of them. On a social level, 
organized athletics creates a peer network and it 
often becomes an “identity meaning” activity for 
the young athlete. Strong peer, coach, and family 
pressure coupled with a strong desire to partici-
pate may reduce compliance with therapy and 
activity restrictions. In addition, children with 
collagen disorders such as Ehlers–Danlos 
 syndrome, Marfan’s disease, and Down syn-
drome commonly present with patellar instabil-
ity. These patients require unique management in 

contrast to the majority of patients where 
 anatomic restoration may be sacrifi ced in the 
name of stability [ 1 ]. 

 From a surgical perspective, the presence of 
open growth plates limits some reconstructive 
options, namely, tibial tubercle osteotomies. In 
addition, the physes can be damaged during soft 
tissue reconstruction and lead to growth distur-
bances with associated disability that may require 
more invasive corrective procedures. Conversely, 
future growth potential leaves open the possibil-
ity of correction of patellar instability due to cer-
tain anatomic malalignments via guided growth 
principles. Surgical treatment of the unstable 
patellofemoral joint in the skeletally immature 
patient follows the same mechanical principles as 
adult treatment: to realign and rebalance the 
extensor mechanism and provide smooth, stable 
patellofemoral motion. Like adults, children may 
need proximal, distal, or combined realignment.  

    Epidemiology 

 Adolescents represent the highest risk group for 
acute traumatic patellar dislocation [ 2 ,  3 ]. 
Reports vary somewhat on incidence. Waterman 
et al. used the National Electronic Injury 
Surveillance System (NEISS) to estimate an inci-
dence rate of approximately 11.19/100,000 
person- years in the 15–19 age group that pre-
sented to an emergency room [ 3 ]. The incidence 
in the 10–14 age group was close to 7/100,000 
person-years [ 3 ]. The authors acknowledged that 
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these numbers might be an underestimation due 
to sampling bias of patients exclusively from 
emergency rooms. Fithian found the incidence in 
patients aged 10–17 to be 29/100,000 (95 % CI 
21–37) in the Kaiser Permanente system in San 
Diego [ 2 ]. Nietosvaara et al. reported an inci-
dence of 43/100,000 for the entire pediatric pop-
ulation and 107/100,000 for the age range of 
9–15 years in Helsinki. The average age for a 
fi rst-time dislocation in Nietosvaara’s group was 
13.3 years (range 9.2–15.9) [ 4 ]. Some have 
reported that the most “at-risk” age for an acute 
patella dislocation is 15 [ 4 ,  5 ]. While several 
studies have found females to have a higher rate 
of patellar instability [ 2 ,  4 ,  6 – 8 ], Waterman found 
no difference in gender [ 3 ]. Fithian reported the 
incidence of patellar instability to be 33/100,000 
(95 % CI 22–44) in females compared to 
25/100,000 (95 % CI 16–34) in males in the 
10–17-year age group [ 2 ]. The incidence of an 
associated osteochondral fracture in the pediatric 
and adolescent age group is thought to be higher 
than adults, and studies have reported rates any-
where from 25 to 75 % [ 9 ].  

    Anatomy 

 The medial patellofemoral ligament (MPFL) is 
the main checkrein to lateral translation of the 
patella from 0 to 30° of knee fl exion [ 10 – 12 ]. An 
elegant cadaver study in adult patients by Baldwin 
has shown the femoral origin of the MPFL is in a 
groove between the medial epicondyle and the 
adductor tubercle and is immediately superior to 
the origin of the superfi cial MCL from which the 
MPFL receives an oblique decussation of fi bers 
[ 11 ]. The MPFL joins with the inferior portion of 
the vastus medialis obliquus (VMO) tendon to 
insert on the upper two-thirds of the medial 
patella [ 11 ]. 

 The distal femoral physis has a characteristic 
undulating structure with relatively proximal 
medial and lateral borders (Fig.  4.1 ) [ 13 – 15 ]. 
Within this macroscopic appearance are smaller 
undulations which increase the surface area of 
the physis [ 13 ]. It is the largest and fastest grow-
ing physis in the body [ 16 ,  17 ]. It contributes 

approximately 70 % of the length of the femur 
and 37 % of the length of the entire limb. On 
average, this physis contributes 1 cm of growth 
per year and from age 7 to skeletal maturity, it 
contributes 1.3 cm of growth per year except the 
last 2 years when it contributes 6 mm each year 
[ 16 ,  17 ]. This growth plate fuses with the metaph-
ysis between 14 and 16 years in females and 16 
and 18 years in males [ 16 ,  17 ].

   The proximal tibial physis has a much more 
fl at macroscopic appearance. 3D modeling shows 
it to have a slight proximally directed biconcave 
structure with a pit located central and posterior 
that corresponds to the epiphyseal attachment of 
the PCL [ 13 ,  14 ]. This physis contributes approx-
imately 55 % of the length of the tibia and 25 % 
of the length of the entire limb. On average it 

  Fig. 4.1    Any illustration of distal femoral physis       
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contributes 0.65 cm of growth per year and from 
age 7 to skeletal maturity, it contributes 9 mm of 
growth per year except the last 2 years when it 
contributes 4–5 mm. This physis fuses with the 
metaphysis between 13 and 15 years in females 
and 15 and 19 years in males [ 16 ,  17 ]. 

 The tibial tubercle apophysis develops as an 
extension of the proximal tibial physis around 13 
weeks gestation and typically develops a second-
ary ossifi cation center around 8 years of age [ 16 , 
 17 ]. This center starts distally and progresses 
proximally towards the proximal tibial epiphysis 
with an average age of fusion of 17 years. The 
apophysis fuses with the underlying metaphysis 
between 13 and 15 years in females and 15 and 
19 years in males [ 16 ,  17 ]. The tibial tubercle 
apophysis is unique from the proximal tibial phy-
sis in that the apophyseal cartilage is fi brocarti-
lage as opposed to columnar, which is seen in the 
epiphysis [ 13 ,  18 ]. 

 The patella is completely cartilaginous at birth 
and begins to ossify between 2 and 4 years of 
age. There are multiple ossifi cation centers that 
coalesce over time. Ossifi cation is typically com-
plete in late adolescence [ 16 ,  19 ]. 

 The articular cartilage-subchondral bone tran-
sition zone is unique in adolescents. In the juve-
nile patient, long interdigitating fi ngers of 
uncalcifi ed cartilage project into the subchondral 
bone. As the child matures, these projections are 
gradually replaced with calcifi ed matrix to form 
the eventual cement line. Both the cement line in 
the adult and the interdigitating uncalcifi ed carti-
lage fi ngers in the juvenile provide adequate 
toughness to the osteochondral region. In the 
adolescent, as these cartilage fi ngers are replaced, 
this zone becomes relatively weak and more sus-
ceptible to shear forces thus increasing the risk of 
an osteochondral fracture during a patella dislo-
cation or in isolation [ 9 ,  20 ,  21 ].  

    Management 

    Primary Dislocation 

 There are few studies looking specifi cally at 
the management of pediatric and adolescent ath-
letes with patellar instability. Thus, while there 

are general recommendations from the adult 
 literature, these may not be directly applicable in 
the skeletally immature population. Most practi-
tioners recommend conservative treatment of a 
primary traumatic patella dislocation in the 
absence of cartilaginous damage warranting 
immediate surgical intervention [ 8 ,  22 ]. Treatment 
focuses on activity restriction, swelling reduc-
tion, lower extremity fl exibility with focus on the 
quadriceps, hamstrings, and iliotibial band, and a 
strengthening program focused on the VMO/
quadriceps, gluteals, and core [ 23 ,  24 ]. Return to 
sports is usually permitted after 3 months given 
appropriate progress in therapy. Even with com-
pliant patients, the redislocation rate in adoles-
cent patients is high with percentages ranging 
from 16 to 70 % [ 8 ,  25 ]. Approximately half of 
patients with recurrent instability will have an 
event in the fi rst 2 years after the initial disloca-
tion [ 8 ]. Recurrent subluxation, which is hard to 
quantitate, is also high in this age group with rates 
ranging from 33 to 91 % [ 8 ,  25 ]. 

 The few studies that have looked exclusively 
at initial treatment in the pediatric and adolescent 
age group seem to conclude that surgical stabili-
zation for fi rst-time dislocations does not reduce 
the dislocation rate in this age group compared to 
nonoperative treatment [ 8 ,  22 ]. Palmu et al. con-
ducted the largest study to date examining exclu-
sively a pediatric and adolescent age group. They 
carried out a prospective, randomized study 
designed to evaluate nonoperative vs. operative 
treatment of acute, traumatic patella dislocations 
in 62 patients (64 knees) under 16 years of age 
with 14-year follow-up. Operative repair involved 
medial tissue repair directed at the specifi c site of 
injury (i.e., medial patellotibial ligament, mid- 
substance vs. femoral or patellar MPFL insertion 
tears) and lateral release in 25 knees. Four knees 
had medial repair only and seven knees had lat-
eral release only due to an inability to dislocate 
the patella laterally during an exam under anes-
thesia. The dislocation rates were similar amongst 
the two groups: 71 % for the operative group and 
67 % for the nonoperative group [ 8 ]. Fifty-two 
percent of patients experienced a recurrent dislo-
cation within 2 years after their index dislocation. 
Furthermore, the authors reported the only statis-
tically signifi cant predictive factor found for 
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recurrent dislocation in this age group was a 
 positive family history. This held true for patients 
treated operatively or nonoperatively. Factors 
such as trochlear dysplasia, age, gender, and 
patellar height were not shown to increase risk in 
either group [ 8 ]. It should be noted that in the 
patients treated operatively that the authors per-
formed repair “at the site of injury without apo-
neurotic or tendinous augmentation.” We are 
unsure if this statement means that the damaged 
and elongated tissue was not imbricated at the 
time of repair. Other studies have found similar 
results in this age group. Apostolovic et al. con-
ducted a smaller prospective randomized study in 
37 adolescents. Patients were randomized to ini-
tial stabilization if they had a signifi cant loose 
body found on initial imaging studies. With a 
mean follow-up of 6.1 years, the authors noted no 
signifi cant differences in functional outcomes, 
subjective outcomes, or episodes of recurrent 
instability [ 22 ]. Nikku et al. conducted a prospec-
tive study comparing initial nonoperative vs. 
operative treatment in patient group consisting of 
60 % adolescents. While they found no differ-
ences between the two groups regarding subjec-
tive outcomes or recurrent instability, they did 
not separate patients by age group for the reader 
to make a fi rm conclusion regarding outcomes 
for the skeletally immature population [ 26 ]. 

 In the event of an associated osteochondral 
fracture, immediate surgical intervention aimed 
at removal or repair of the fragment is indicated 
[ 9 ]. The decision to perform a concomitant stabi-
lization procedure can be made between patient, 
family, and treating surgeon. Generally, if a small 
loose body is removed arthroscopically, stabiliza-
tion is less likely performed. In the case of a 
sizeable fragment requiring arthrotomy, a stabili-
zation procedure can be performed. There are no 
fi rm recommendations guiding treatment for pedi-
atric and adolescent patients in this situation.  

    Recurrent Dislocation 

 If a patient sustains a second patellar dislocation, 
surgery is more seriously considered. Continued 
nonoperative care can be instituted if that is the 

wish of the patient and family. This decision 
should be reached after appropriate counseling 
regarding risk of further damage to articular car-
tilage with subsequent dislocations and the 
potential need for long-term brace use and/or 
activity modifi cation. The decision to proceed 
with surgery should be made between the patient, 
family, and physician after risks, benefi ts, and 
alternatives are discussed. The type of surgery 
performed should be individualized and take 
each patient’s anatomy into consideration. 
Physical exam fi ndings such as genu valgum, 
 Q -angle, femoral anteversion, external tibial tor-
sion, and generalized ligamentous laxity should 
be noted [ 21 ,  27 – 30 ]. Radiographs should be 
evaluated for patella alta, patellar tilt, lateral 
patellar overhang, open physes, and loose bodies 
[ 7 ,  31 ,  32 ]. Sulcus and congruence angles are 
noted but they rarely affect surgical planning in 
this age group [ 33 ]. If magnetic resonance imag-
ing (MRI) is obtained, the tibial tubercle to troch-
lear groove distance (TT–TG) is recorded and 
any other injuries are noted as well [ 34 ]. Trochlear 
dysplasia, usually better seen on MRI, is noted 
mainly for counseling purposes [ 33 ]. 

 In patients who have growth remaining and 
patellar instability that has failed conservative 
measures, surgical planning must take the physes 
into consideration. Patients who are candidates 
for distal realignment cannot undergo a tibial 
tubercle osteotomy, as the proximal tibial physis 
and tibial tubercle apophysis will be violated and 
result in a recurvatum deformity or possible dis-
tal migration of the apophysis [ 35 ,  36 ]. Soft tis-
sue realignment procedures must be considered. 
Surgical options include the Galeazzi and Roux–
Goldthwait procedures [ 37 – 41 ]. Proximal 
realignment risks damage to the distal femoral 
physis. This is particularly pertinent when con-
sidering certain methods of MPFL reconstruc-
tion. Primary MPFL/medial retinacular plication 
and MPFL reconstruction techniques not requir-
ing femoral bone tunnels are viable options [ 21 , 
 42 – 45 ]. If MPFL reconstruction with a femoral 
bone tunnel is considered, fl uoroscopic assis-
tance is mandatory to avoid physeal disturbance 
in addition to determining appropriate tunnel 
placement [ 46 – 48 ].   
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    Surgical Options 

    Proximal Realignment 

    Senior Author’s Preferred Technique: 
Open Medial Plication 
 It is standard practice for the senior author (MSK) 
to perform proximal realignment with an open 
medial plication with or without lateral release as 
fi rst-line treatment, unless there is compelling 
evidence to add a distal procedure. The proce-
dure closely resembles that of Nam and Karzel 
[ 49 ]. Diagnostic arthroscopy is performed in 
standard fashion. Any internal derangement is 
repaired as indicated. Patellar tracking is visual-
ized and the need for a lateral release is deter-
mined. If performed, the lateral release is 
accomplished with curved Mayo scissors through 
the lateral portal. The soft tissue overlying the 
lateral retinaculum is bluntly dissected off with 
the scissors in the closed position prior to per-
forming the release. Any cut branches of the lat-
eral geniculate artery or other vessels are 
cauterized with an Oratec probe (Oratec 
Interventions, Inc, Menlo Park, CA). The release 
is usually carried proximally to the level of the 
vastus lateralis muscle. A partial release stopping 
short of this level can be performed if adequate 
release is deemed to be achieved as evidenced by 
eversion of the patella beyond neutral. Alternately, 
the lateral release can be performed with an 
underwater electrocautery device. After comple-
tion of arthroscopy and possible lateral release, a 
4-cm medial parapatellar incision is made and 
sharp dissection is carried down to the level of 
the medial retinacular structures. Soft tissue fl aps 
are created laterally over the anterior aspect of 
the patella and medially near the adductor tuber-
cle and medial epicondyle. A longitudinal inci-
sion 1.5 cm medial to the patella is made through 
the retinacular structures down to synovium. This 
incision is typically the length of the patella with 
proximal extension into the inferior fi bers of the 
VMO if advancement is planned. In cases of 
acute traumatic patellar dislocation with an intra- 
articular loose body that requires immediate sur-
gical intervention, the site of the MPFL tear 

should be addressed directly (i.e., repair at the 
site of the MPFL tear: patella, mid-substance, 
femur). In the recurrent dislocator who is having 
elective surgery, the MPFL is typically healed, 
albeit in an elongated fashion, so the standard 
incision 1.5 cm medial to the patella can be made. 
Heavy, nonabsorbable suture such as #2 Fiberwire 
(Arthrex, Naples, FL) is used and is typically 
placed in vertical mattress fashion (Fig.  4.2 ). The 
other senior author (WLH) typically uses a large 
Ethibond (Ethicon, Somerville, NJ). While the 
exact amount of plication can be different, in 
general, about 1 cm of tissue on either side of 
the incision is taken up with the suture. Sutures 
are passed, cut, and tagged and the adequacy of the 
plication is determined prior to defi nitive suture 
tying. Data exist showing MPFL repair to be less 
strong than several reconstruction techniques in 
cadaver models [ 50 ]   . Thus, sometimes the repair 
will overcorrect patellar alignment but not to the 
point of causing medial subluxation. This deci-
sion can be made on a case-by-case basis and 
depends on patient factors such as constitutional 

  Fig. 4.2    Intraop photo of open medial plication       
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fl exibility, shallow trochlear groove, and patella 
alta. Postoperatively, the patient is placed in a 
fl exible brace aimed at medializing the patella. 
Full weight bearing and motion are encouraged 
immediately. Depending on the patient, full 
weight bearing may be best accomplished in full 
extension as this help minimize risks of fl exion 
contracture and quad atrophy. Early motion helps 
the patella settle in the trochlear groove and attain 
a new level of tensioning taking advantage of the 
fact that MPFL repairs sometimes “stretch out” 
postoperatively. Isometric quadriceps exercises 
and straight leg raises are started 1 week after 
surgery and progressed to resistive exercises after 
6 weeks. This procedure differs from Nam and 
Karzel’s technique in that they incised the reti-
nacular structures off the medial border of the 
patella and advanced them onto the anterior 
patellar surface [ 49 ].

       MPFL Reconstruction with Quadriceps 
Tendon Autograft 
 If MPFL reconstruction is deemed appropriate, 
there are a few techniques that do not require 
femoral bone tunnels and, thus, minimize risk 
to the distal femoral physis. Noyes and Albright 
have described a technique using quadriceps 
tendon autograft [ 43 ]. The technique begins 
with standard arthroscopic examination of the 
knee with lateral release as needed and address-
ing any other internal derangement. A 5–6-cm 
longitudinal medial parapatellar incision is made 
centered on the widest aspect of the patella. Skin 
fl aps are raised to allow visualization from the 
medial epicondyle and intermuscular septum to 
the medial half of the patella and distal quadri-
ceps tendon and VMO. An 8 × 70-mm-full-thick-
ness graft is harvested from the medial quadriceps 
tendon, leaving its attachment secure on the 
patella. Two to three millimeters of medial ten-
don adjacent to the VMO is left intact for later 
closure. If more length is needed, the tendon can 
be carefully dissected subperiosteally off the 
patella an additional 1 cm before turning it medi-
ally. A suture anchor can be placed here to rein-
force the transition. Medial dissection along the 
length of the patella between the medial retinacu-
lum and capsule is performed to the medial epi-

condyle, and a soft tissue hole is made at this 
level for graft passage. The graft is passed 
through the hole deep to the medial retinaculum. 
With the knee in 30–45° of fl exion, the medial 
retinaculum is imbricated and the tendon harvest 
site is closed.    Appropriate imbrication is deter-
mined if the patella can be laterally translated 
approximately 25 % of its width and the knee 
fl exed easily to at least 90°. With this amount of 
tension, the tendon graft is sewn to the medial 
intermuscular septum at the level of the medial 
epicondyle and adductor tubercle to recreate 
the MPFL. Suturing the graft to adjacent patellar 
periosteum and overlying imbricated retinacu-
lum also reinforces its attachment on the patella. 
The procedure is displayed in Fig.  4.3  [ 43 ].

   Steensen et al. also reported a similar proce-
dure using quadriceps tendon autograft [ 42 ]. 
While the technique differs only slightly, they 
used a K-wire in the femur to determine graft 
isometry and also secured the graft by passing 
suture through femoral bone tunnels. As already 
discussed, these bone tunnels place the distal 
femoral physis at risk for damage. 

 It must be noted that while the senior authors 
(MSK, WLH) has used this procedure with good 
effect, there are no published studies beyond the 
above case reports examining outcomes in a 
series of patients.  

    MPFL Reconstruction with 
Semitendinosus Autograft 
    Deie et al. described a technique using the semi-
tendinosus to reconstruct the MPFL without bone 
tunnels in four skeletally immature patients (six 
knees) with an average age of 8.5 years (6–10) 
[ 45 ]. The tendon is harvested through an incision 
on the anteromedial tibia using an open tendon 
stripper leaving it attached to the tibia. A second 
2-cm incision is made over the origin of the MCL 
on the femur, and a 1-cm slit is created in the pos-
terior 1/3 of the MCL origin. A third incision is 
created on the medial patella and a tunnel is cre-
ated between the medial retinaculum and the 
knee capsule. The tendon is brought under the 
posterior 1/3 of the MCL origin and through 
the retinacular tunnel to the attachment site of the 
MPFL on the medial patella. With the knee at 30° 
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of fl exion, the graft is sutured to the anterior 
patella after appropriate tensioning has been 
determined (Fig.  4.4 ). At an average of 7.4 years 
of follow-up, the authors reported no recurrent 
instability and a mean Kujala score of 96.3 [ 45 ].

       MPFL Reconstruction with Adductor 
Magnus Tendon Autograft 
 Recently, Sillanpää et al. [ 44 ] described a modi-
fi cation of an earlier technique described by 
Avikainen et al. [ 51 ] to reconstruct the MPFL 
with adductor magnus tendon autograft. After 
diagnostic arthroscopy, a single 3–4-cm longitu-
dinal incision is made midway between the 
medial patellar border and the adductor tubercle. 
Flaps are raised medially and laterally exposing 

the adductor magnus tendon, adductor tubercle, 
and medial patella. A tendon stripper is used to 
harvest the medial 2/3 of the adductor magnus 
tendon for a length of 12–14 cm, leaving it 
attached distally. The graft is tunneled between 
the retinaculum and capsule and fi xed to the 
patella with suture anchors. Appropriate ten-
sioning is done with the knee in approximately 
30° of fl exion. The authors have no experience 
with this technique, and it is unclear why 
12–14 cm of tendon is harvested other than it is 
the approximate length of available tendon. A 
study evaluating outcomes in a series of patients 
undergoing this procedure has yet to be 
published.  

  Fig. 4.3    ( a ) Subcutaneous dissection deep to the medial 
retinaculum posteriorly to the medial epicondyle and the 
medial intermuscular septum; ( b ) puncture of the medial 
retinaculum distal to the VMO, anterior to the intermus-
cular septum, and superfi cial to the medial epicondyle. 
Setting of tension on the medial side with ( c ) imbrication 

of the medial retinaculum and ( d ) tensioning and securing 
of the graft to the medial retinaculum. From Noyes FR, 
Albright JC. Reconstruction of the medial patellofemoral 
ligament with autologous quadriceps tendon. Arthroscopy. 
Aug 2006;22(8):904 e901–907. Reprinted with permis-
sion from Elsevier Limited       
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    MPFL Reconstruction Using Femoral 
Bone Tunnels 
 Various methods for MPFL reconstruction using 
femoral bone tunnels are discussed elsewhere in 
this book. In children, MPFL reconstruction 
using a femoral bone tunnel risks distal femoral 
physeal damage. In adult patients, the MPFL 
femoral origin has been determined in a cadaver 
study and correlated to radiographic landmarks 
on a lateral X-ray by Schöttle et al. [ 46 ] (Fig.  4.5 ). 
The femoral insertion of the MPFL is near the 
distal femoral physis, and there is disagreement 
as to whether the insertion is proximal or distal to 
the physis. Shea et al. determined the femoral 
MPFL insertion to be, on average, 2–5 mm proxi-
mal to the physis by fi nding Schöttle’s point on 
lateral radiographs of skeletally immature 
patients [ 52 ]. This fi nding has been disputed. In a 
similar study by Nelitz et al., Schöttle’s point was 
determined on a lateral radiograph and then 
cross-referenced to the corresponding location on 
the AP view [ 47 ]. This indirect determination 
placed the MPFL origin, on average, 6.4 mm 
(range 4.1–12) distal to the medial physis. The 
authors posited that the portion(s) of the physis 

seen on the lateral radiograph is(are) the central 
portion(s) and the undulating structure of the 
physis produces a more proximal medial location 
(Fig.  4.6 ). Others have also questioned the 
 relation of the MPFL origin to the distal femoral 
physis. Ladd et al. conducted an MRI study using 
the origin of the MCL, an easily identifi able land-
mark, as a surrogate for the MPFL origin. They 
found the MCL origin to be, on average, 1.33 cm 
distal to the physis [ 53 ]. Kepler et al. also con-
ducted an MRI study looking at the MPFL inser-
tion directly. They found 86 % of patients had an 
insertion distal to the physis, while 7 % had an 
insertion directly on the physis and the other 7 % 
inserting proximal to the physis. Relative to the 
physis, the average insertion site was 5 mm distal 
to the physis (range 7.5 mm proximal to 16 mm 
distal) [ 54 ]. Despite the differing results, all of 
these studies suggest that the MPFL insertion is 
very close to the physis and at risk during MPFL 

  Fig. 4.4    Reconstruction of the MPFL.  The semitendino-
sus is transferred to the patella by passing it under the pos-
terior one-third of the proximal aspect of the superfi cial 
MCL and then anchoring on the patella       

  Fig. 4.5    Two perpendiculars to line 1 are drawn, inter-
secting the contact point of the medial condyle and the 
posterior cortex (point 1, line 2) and intersecting the most 
posterior point of the Blumensaat line (point 2, line 3). For 
determination of the vertical position, the distance 
between line 2 and the lead ball center is measured as well 
as the distance between line 2 and line 3. From Schottle 
PB, Schmeling A, Rosenstiel N, Weiler A. Radiographic 
landmarks for femoral tunnel placement in medial patel-
lofemoral ligament reconstruction. Am J Sports Med 
2007;35:801–4. Reprinted with permission from SAGE 
Publications       
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reconstruction. From a mechano-developmental 
standpoint, it seems most logical for the MPFL 
origin to be epiphyseal. An epiphyseal origin 
maintains a constant patellofemoral relationship 
during skeletal growth. If the origin were metaph-
yseal, it seems possible for the MPFL origin to 
always be migrating proximal during growth. At 
the time of this writing, no cadaver study in skel-
etally immature patients has been conducted to 
verify the relation of the MPFL to the distal fem-
oral physis.

         Distal Realignment 

    Modifi ed Roux–Goldthwait Procedure 
 Roux [ 55 ] and Goldthwait [ 56 ] fi rst described a 
medial transfer of the lateral half of the patellar 
tendon for patellar instability in the late nine-
teenth century. This procedure has changed little 
since its inception. Marsh et al. reported on a 
modifi cation in which a lateral release is added in 
20 skeletally immature patients (30 knees) [ 39 ]. 

Fondren et al. also reported on the procedure but 
their patient population was a mix of children and 
adult patients and the procedure was decidedly 
more invasive [ 38 ]. While no fi rm recommenda-
tions exist, this procedure is typically indicated 
for skeletally immature patients with patellar 
instability and an associated increased  Q -angle or 
TT–TG distance [ 34 ,  39 ,  57 ]. The procedure 
begins with diagnostic arthroscopy in which the 
lateral release is performed and any other internal 
derangement is repaired. It is common to include 
a proximal procedure with this. Both proximal 
and distal procedures can be performed through a 
single incision or through separate incisions, at 
the discretion of the treating surgeon. For an iso-
lated lateral tendon transfer, a longitudinal inci-
sion is made on the medial border of the patellar 
tendon. Blunt dissection deep to the subcutane-
ous fat proceeds laterally over the patellar tendon 
and medially to the sartorius insertion. The ten-
don is incised longitudinally at its midpoint and 
the lateral half is detached distally at its insertion 
on the tibial tubercle. The free end is reinforced 

  Fig. 4.6    Intraoperative cross-reference of the physis on 
the lateral view onto an AP view reveals the distance 
between the medial most part of the physis and the central 
part of the physis as seen on the lateral view. From Nelitz 
M, Dornacher D, Dreyhaupt J, Reichel H, Lippacher S. 

The relation of the distal femoral physis and the medial 
patellofemoral ligament. Knee Surg Sports Traumatol 
Arthrosc 2011;19:2067–71. Reprinted with permission 
from Springer       
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with heavy suture and brought underneath the 
intact, medial tendon. With little to no distaliza-
tion, the tendon is translated medially to the 
insertion of the sartorius where it is sutured in 
place (Fig.  4.7 ). Appropriate tension can be 
judged by the presence of any slack in the intact, 
medial portion of the tendon. If slack is present, 
too much distalization of the graft has occurred. 
Care is taken to avoid suturing the tendon to the 
underlying gracilis and semitendinosus. The 
authors immobilized their patients in full exten-
sion for 4 weeks with subsequent progressive 

motion. They did not comment on weight  bearing. 
In Marsh’s study, the average age was 14.2 years 
(3–18) with an average follow-up of 6.2 years 
(3–18).    Of the 20 patients, 10 carried a diagnosis 
of ligamentous laxity, 8 with Nail- Patella syn-
drome, and 1 with Down syndrome. Ten patients 
had unilateral instability and the other 10 had 
bilateral instability that underwent surgical inter-
vention. The authors’ main outcome measures 
were radiographic and physical examination cri-
teria as opposed to subjective outcomes or epi-
sodes of recurrent instability. Nevertheless, they 
noted that 26 knees had an excellent result as 
determined by a  Q -angle of 14° or less. They also 
noted signifi cant improvements in congruence 
angle, lateral patellar deviation, and lateral patel-
lar angle [ 39 ]. While they did not state a redislo-
cation rate, the authors noted that the patient with 
Down syndrome had recurrent instability requir-
ing reoperation and one patient with extreme 
ligamentous laxity had only fair radiographic 
improvement [ 39 ].

   While this procedure may decrease the dislo-
cation rate, it may increase the risk of early 
arthritis in the patellofemoral joint. Sillanpää 
et al. retrospectively reviewed a group of patients 
who underwent either a MPFL reconstruction 
with adductor magnus autograft or a modifi ed 
Roux–Goldthwait procedure for recurrent patel-
lar instability [ 1 ]. Fifteen patients with an aver-
age age at the time of surgery of 20 (range 19–22) 
were reviewed at a median follow-up of 10.1 
years (8–13) in the MPFL reconstruction group. 
Twenty-one patients with an average age at the 
time of surgery of 20.2 (19–22) were reviewed at 
a medial follow-up of 7 years (5–11). All patients 
were male conscripts in the Finnish military and 
had comparable baseline characteristics with 
regard to baseline health, number of prior patellar 
dislocations, and status of articular cartilage at the 
time of surgery [ 1 ]. At the time of follow-up, the 
redislocation rate was similar between both 
groups (6.7 % in MPFL group, 14.3 % in Roux–
Goldthwait group,  p  = 0.52) as were Kujala and 
Tegner scores (88 and 4 in MPFL group, 86 and 5 
in Roux–Goldthwait group). Follow-up MRIs 
showed an equal number of International Cartilage 
Repair Society grade II–IV lesions [ 58 ] in both 

  Fig. 4.7    Modifi ed Roux–Goldthwait technique: patellar 
tendon split and transferred medially onto the tibial inser-
tion of the sartorius muscle (1); modifi cation of the classi-
cal Roux–Goldthwait operation by adding a lateral release 
(2); and medial half of patellar tendon (3). From Marsh 
JS, Daigneault JP, Sethi P, Polzhofer GK. Treatment of 
recurrent patellar instability with a modifi cation of the 
Roux–Goldthwait technique. Journal of pediatric orthope-
dics. Jul-Aug 2006;26(4):461–465. Reprinted with per-
mission from Wolters Kluwer Health       
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groups.    Follow-up radiographs at fi nal follow-up 
revealed at least Ahlbäck grade I arthritic changes 
[ 59 ] in the patellofemoral joint of 5 patients in the 
Roux–Goldthwait group compared with no 
patients in the MPFL group ( p  = 0.04). No patients 
in either group had radiographic signs of arthritis 
in either tibiofemoral compartment at fi nal follow-
up or any signs of arthritis in any knee compart-
ment prior to index surgery [ 1 ]. The authors did 
not postulate a mechanism for this observation, 
and they also noted that the functional scores were 
similar in both groups so the implication of this 
fi nding on overall outcome is not totally clear. 
With that said, it may be reasonable to reserve this 
procedure for lower demand patients (Down syn-
drome, Nail-Patella syndrome, Ehler’s Danlos, 
etc.   ) and more of a salvage option in an otherwise 
normal young athlete.  

   Galeazzi Procedure 
 This procedure involves transferring the semiten-
dinosus tendon to the patella. It was fi rst described 
by Galeazzi in 1922 [ 60 ] and there have been 
several reports on it use subsequently [ 37 ,  40 ,  57 , 
 61 ]. The technique has become less invasive over 
time. Similar to the Roux–Goldthwait procedure, 
no fi rm recommendations exist for patient selec-
tion. However, skeletally immature patients with-
out an increased  Q -angle and/or TT–TG distance 
and possibly with patella alta are considered 
appropriate candidates [ 57 ]. The most recent 
description of this technique by Moyad and 
Blakemore utilizes two 3–4-cm incisions for the 
entirety of the reconstruction [ 40 ]. The fi rst inci-
sion is longitudinal and made directly over the 
patella with extra-periosteal exposure of the 
entire bone. If needed, a lateral release and 
medial plication are performed through this inci-
sion. A second longitudinal incision is made over 
the insertion of the pes tendons on the anterome-
dial tibia. The semitendinosus tendon is isolated 
under the sartorius fascia and freed from sur-
rounding adhesions. Using an open tendon strip-
per from a standard anterior cruciate ligament 
(ACL) hamstring harvest set, the tendon is 
detached from its proximal muscle belly and 
reinforced with heavy suture. Its distal insertion 
on the tibia is left undisturbed. A bone tunnel 

directed inferomedial to superolateral is drilled 
in the patella. The semitendinosus tendon is tun-
neled deep to the subcutaneous fat, passed 
through the patellar bone tunnel, and excess ten-
don is secured to the anterior patella with heavy 
absorbable suture (Fig.  4.8 ). Prior to defi nitive 
fi xation, the reconstruction is tensioned to ensure 
appropriate tracking and excursion of the patella. 
A few studies have reported results on this proce-
dure. Baker et al. reported on 42 patients with an 
average age of 12 years (5–17) and average fol-
low- up of 5 years (0.5–12). They defi ned an 
excellent outcome as having no pain, stiffness, 
crepitus, or loss of function. A good outcome 
was defi ned as having only minimal pain or stiff-
ness and limitation only in strenuous sports. 

  Fig. 4.8    The patella drill hole is oriented from inferome-
dially to superolaterally. After passage of the tendon, the 
remaining semitendinosus is sutured over the anterior 
patella in line with the bone tunnel. From Moyad TF, 
Blakemore L. Modifi ed Galeazzi technique for recurrent 
patellar dislocation in children. Orthopedics. Apr 
2006;29(4):302–304. Reprinted with permission from 
Laurel C. Blakemore, MD       
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Eighty- one percent achieved either an “excellent” 
or “good” outcome and there were two known 
recurrent dislocations (5 %). 30 % (patients with 
an “excellent” rating) were able to return to 
unlimited strenuous sports and had an otherwise 
asymptomatic knee [ 37 ]. Letts et al. reported on 
26 knees in 22 patients who underwent this pro-
cedure [ 57 ]. The average age was 14 (9–18) and 
average follow-up was 3 years (2–7). In addition 
to objective fi ndings, they utilized the Lysholm 
[ 62 ] questionnaire, portions of the Zarins-Rowe 
[ 63 ] questionnaire, and subjective patient assess-
ments of instability and return to activities to 
quantify outcomes. Similar to Baker, an excellent 
outcome was an asymptomatic knee with full 
function, no pain, no instability, and complete 
return to sports and activities. A good outcome 
allowed for minimal pain during exertional activ-
ities and infrequent subluxation episodes without 
dislocation. Their results mirrored those of Baker 
[ 37 ] with 27 % obtaining an excellent outcome 
and 55 % with a good outcome. There was one 
recurrent lateral dislocation that required tighten-
ing of the semitendinosus tenodesis and one with 
medial subluxation that required loosening of the 
tenodesis. Both patients had relief of symptoms 
after the second procedure [ 57 ]. Hall et al. have 
also reported on this procedure but their results 
are diffi cult to interpret in this setting as 73 % of 
patients underwent a concomitant tibial tubercle 
transfer [ 61 ].

      Complete Patellar Tendon Transfer 
 Recently, Luhmann et al. described a technique 
of complete patellar tendon transfer for skeletally 
immature patients with patellar instability and a 
 Q -angle greater than 15° [ 64 ]. Simply put, the 
tendon is sharply incised off its insertion on the 
tibial tubercle apophysis and translated medially 
50 % of its width where it is sutured in place. 
Luhmann et al. reported performing this proce-
dure on two patients as part of larger study in 
which other operations were performed on a 
mixed group of skeletally immature and mature 
adolescents. The objective and subjective out-
comes of these two specifi c patients were not 
reported separately in their study. This procedure 
sounds technically simple and seems to preserve 

anatomy and is thus a new, attractive option. 
Additional study is required to determine its util-
ity and safety before recommending it on a more 
outright basis.   

    Combined Proximal and Distal 
Realignment 

 Distal realignment procedures are often accom-
panied by a concomitant proximal procedure 
such as MPFL repair or reconstruction. Joo et al. 
reported on six knees in fi ve patients who under-
went a “four-in-one” procedure of proximal tube 
realignment [ 65 ], lateral release, semitendinosus 
tenodesis, and Roux–Goldthwait. All patients 
were female, two had Down syndrome and one 
had William’s syndrome. All patients had signifi -
cant ligamentous laxity and trochlear aplasia 
observed intraoperatively. The mean age was 6.1 
years (4.6–6.9) and mean follow-up was 54.5 
months (31–66) [ 41 ]. No redislocations occurred 
and Kujala scores averaged 95.3 (88–98). While 
this procedure was quite effective in their patient 
population, it may be too invasive for the more 
typical active older child/adolescent population. 

 Brown and Ahmad described a technique of 
combined medial patellotibial and MPFL recon-
struction with autogenous semitendinosus tendon 
[ 66 ]. The authors note the utility of medial patel-
lotibial ligament (MPTL) reconstruction as it 
may play a role as a secondary stabilizer of the 
patella as evidenced by a previous biomechanical 
study [ 67 ]. The procedure is performed through a 
10-cm midline incision. The semitendinosus 
graft is harvested proximally with an open tendon 
stripper and left attached distally. A docking 
hole, typically 5 mm in diameter is drilled in the 
medial patella at the site of the native MPFL 
insertion. Two divergent drill holes are made at 
the base of the docking tunnel, and a 2.4-mm pin 
with an eyelet is used to shuttle both ends of a 
passing suture leaving a loop of suture on the 
medial patella to draw the graft into the docking 
tunnel. The graft is tensioned at 60° of knee fl ex-
ion and the free end of the graft is sutured to the 
origin of the MCL. The distal limb of the recon-
struction recreates the medial patellotibial 
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 ligament, and the proximal limb recreates the 
MPFL (Fig.  4.9 ). A medial retinacular imbrica-
tion and VMO advancement are included in the 
procedure [ 66 ]. In additional to potential biome-
chanical advantage, the authors note that addition 
of the MPTL reconstruction adds no morbidity to 
the procedure. They reported favorable results in 
two case reports utilizing this procedure [ 66 ].

       Guided Growth 

 There are several known anatomic risk factors for 
patellar maltracking and instability including 
femoral anteversion, external tibial torsion, 
patella alta, increased  Q -angle, genu valgum, and 
lateral femoral condyle hypoplasia [ 28 ,  30 ,  31 , 
 33 ,  68 ,  69 ]. Of these conditions, genu valgum in 

the skeletally immature patient has the potential 
to be corrected by guided growth principles [ 70 , 
 71 ] and thus avoid more invasive procedures such 
as osteotomies. Genu valgum in excess of 10° has 
been associated with patellofemoral pain and 
instability [ 29 ,  72 ,  73 ]. Recent reports describe 
the success of guided growth techniques utilizing 
a tension band on the medial physis to correct 
this angular deformity [ 70 ,  72 ,  73 ]. Kearney and 
Mosca reported their results utilizing guided 
growth to treat patellar instability with associated 
genu valgum [ 74 ]. They reviewed 28 knees in 16 
patients. The average age was 12 years (9–15) 
and average follow-up was 31.5 months. All 
patients underwent hemiepiphysiodesis at the 
medial distal femoral physis, and 2 patients had 
additional hemiepiphysiodesis at the proximal 
medial tibial physis. Staples were used prior to 
the advent of the plate and screw construct [ 70 ]. 
The average lateral distal femoral angle improved 
from 78° preoperatively to 83° postoperatively. 
82 % of patients noted complete resolution of 
symptoms and the remaining 18 % note a signifi -
cant reduction. All competitive athletes returned 
to full sports participation. 19 knees (66 %) 
underwent hardware removal at an average of 9.6 
months postoperatively. One patient required 
reinsertion of a loose staple [ 74 ]. 

 General guidelines for guided growth include 
extra-periosteal plate application [ 70 ], applica-
tion after 8 years of age due to risk of spontane-
ous rebound [ 72 ,  73 ], application with at least 
1 year of growth remaining, and careful moni-
toring to prevent overcorrection [ 70 ,  73 ]. If there 
is growth remaining, hardware is removed to pre-
vent overcorrection. In the case of rebound defor-
mity, hardware can be safely reapplied [ 72 ]. 
While the speed of correction slows as the child 
approaches skeletal maturity, one can expect 0.7° 
per month of correction in the distal femur and 
0.3° per month of correction in the tibia [ 71 – 73 ].   

    Outcomes 

 Reports on long-term functional outcomes from 
nonoperative treatment of patellar instability 
and surgical patellar realignment for recurrent 

  Fig. 4.9    Reconstructed medial patellofemoral ligament 
(a). Semitendinosus graft sutured to the proximal medial 
collateral ligament (b). From Brown GD, Ahmad CS. 
Combined medial patellofemoral ligament and medial 
patellotibial ligament reconstruction in skeletally imma-
ture patients. The journal of knee surgery. Oct 
2008;21(4):328–332. Reprinted with permission from 
Thieme Publishing Group       
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dislocators in this age group are rare [ 7 ,  64 ]. 
In addition to studies mentioned previously in 
this chapter [ 8 ,  22 ,  26 ], Atkin et al. conducted a 
prospective study of Kaiser Permanente patients 
in the San Diego area who were treated conserva-
tively after a fi rst-time traumatic patellar disloca-
tion [ 7 ]. There were 74 patients in the group and 
51 (69 %) were in the 10–19-year age group. 
There were 37 men and 37 women. They found a 
signifi cant reduction in the amount of hours per 
week spent playing sports in all age groups. 
Specifi cally in the 10–19-year age group, the 
average reduction in sports participation 
decreased from an average of 6.9 to 2.6 h/week 
24 weeks after injury [ 7 ]. The authors com-
mented this likely represents a gradual return to 
sports. No longer-term studies regarding func-
tional outcomes for nonoperative treatment of 
acute patellar dislocation in this age group have 
been reported. 

 Luhmann et al. reported a retrospective review 
on functional outcomes after surgery for patellar 
instability in children and adolescents [ 64 ]. They 
collected IKDC [ 75 ], Lysholm [ 62 ], and Tegner 
[ 75 ] scores on 27 knees in 23 patients. The aver-
age age was 14 years (range 8.8–18.3) with 22 
knees belonging to female patients and 5 knees 
belonging to male patients. There were four 
patients with signifi cant associated diagnoses: 
Down syndrome, Charcot–Marie–Tooth disease, 
juvenile rheumatoid arthritis, and Ehlers–Danlos 
syndrome. Mean follow-up was 5 years (3.2–
7.4). Twenty-one patients had proximal and dis-
tal realignment. Proximal realignment consisted 
of lateral release and MPFL repair. Distal realign-
ment was tibial tubercle osteotomy for skeletally 
mature patients (19 patients) and complete patel-
lar tendon transfer for skeletally immature 
patients (2 patients). The mean IKDC score was 
65.6 (31–100), the mean Lysholm score was 69.3 
(38–100), and the mean Tegner activity level was 
5.4 (1–9). In the group of four patients with asso-
ciated disease, the mean scores were 57.5, 60.5, 
and 3.5, respectively [ 64 ]. Given the retrospec-
tive nature of the study, there were no baseline 
pre-injury or pre-surgery scores for comparison. 
Further analysis revealed that patients with a 
Lysholm and IKDC score ≥70 were signifi cantly 

younger (13.1 vs. 14.9), were all patellar dislocators 
(vs. 66 % in the < 70 group), and had a signifi -
cantly shorter length of symptoms prior to sur-
gery (13 vs. 24 months). Also, the Tegner scores 
were signifi cantly higher in the ≥70 group (6.8 
vs. 4.3) [ 64 ]. No other factors such as sex, ana-
tomic alignment, and presence of preoperative 
crepitus had a signifi cant correlation to functional 
outcome. It may have been hard to determine the 
effect of gender given the large majority of 
females in this study.  

    Conclusions 

 Patellar instability is common in the adolescent 
age group and this group represents the highest 
risk group for fi rst-time and recurrent dislocation. 
Nonoperative management is advocated for fi rst- 
time dislocators except in cases of loose bodies 
requiring timely surgical intervention. Surgical 
options for skeletally immature patients can be 
different from adults, especially when consider-
ing distal realignment or MPFL reconstruction 
with bone tunnels to minimize risk of physeal 
damage. While several unique options are avail-
able, quality data with adequate power are lack-
ing to document safety and effi cacy. Patients with 
associated conditions such as Down syndrome 
and Ehlers–Danlos require unique management 
that may compromise anatomic restoration in 
order to maximize stability. Functional outcome 
reports are rare in both conservatively and surgi-
cally treated patients and thus represent exciting 
research opportunities going forward.     
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           Epidemiology 

 The exact incidence of patellofemoral chondral 
lesions is unknown as these lesions may present 
with a wide range of symptom severity, and it is 
unclear what percentage of patients with these 
defects are ever evaluated by a healthcare pro-
vider. The incidence of patellofemoral pain, how-
ever, is relatively high. A study of 1,525 military 
recruits from the United States Naval Academy 
demonstrated that 15 % of females and 12 % of 
males at the time of study enrollment had patel-
lofemoral pain syndrome as evidenced by pain 
with stairs, hopping/jogging, prolonged sitting, 
kneeling, squatting, and absence of examination 
fi ndings to suggest alternate pathology. Many of 
these cases of patellofemoral pain were undoubt-
edly not due to chondral lesions; however, there 
is a high prevalence of these lesions in the gen-
eral population as demonstrated by other studies. 
Widuchowski et al. [ 1 ]    studied 25,124 patients 
who received arthroscopy for knee pain of any 
etiology and found a 60 % incidence of chondral 

lesions, with the patellar articular surface 
accounting for 36 % of these lesions.    A similar 
study by Curl et al. examined 31,516 knee 
arthroscopies and found a similar incidence of 
articular cartilage lesions, with chondral lesions 
visualized in 63 % of patients.    This study does 
not state the exact percentage, but found 
Outerbridge grade III lesions of the patella to be 
the most common [ 2 ]. 

 The prevalence of patellofemoral cartilage 
defects in athletes is thought to be even greater 
than the general population given the stresses 
placed on the knee by athletic activity. However, 
the athletic population may also have lower aver-
age BMI than nonathletes, which may mitigate 
this effect to some degree. There are a number of 
studies that specifi cally investigate the athletic 
population with regard to prevalence and location 
of chondral defects. Walczak et al. studied 28 
asymptomatic NBA players with MRI and found 
that 12 of 28 (44 %) showed patellar cartilage 
changes and 7 of 28 (26 %) had trochlear changes 
[ 3 ]. The relatively high incidence of patellar 
defects suggests the possibility of sport-specifi c 
defects. It is theorized that basketball, which 
requires frequent jumping, places a larger amount 
of stress on the patellofemoral joint than other 
sports. In contrast, Mithofer and colleagues [ 4 ] 
reported that in high-level soccer players, 48 % 
of cartilage defects occurred on the medial femo-
ral condyle, 23 % occurred on the lateral femoral 
condyle, and only 29 % occurred in the patello-
femoral joint. Biomechanical studies such as one 
performed by Eckstein and colleagues [ 5 ] 
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 reinforce this idea of varying stresses on the 
patellofemoral joint with different activities. 
They studied knee movement and demonstrated 
using MRI and three-dimensional digital image 
analysis that certain activities lead to different 
amounts of patellar cartilage deformation as 
measured by volume before and after activity. 
Patellar cartilage deformation was 5.9 % after 
knee bends, 4.7 % after squatting, 2.8 % after 
normal walking, 5.0 % after running, and 4.5 % 
after cycling. Patellar cartilage was the most 
affected knee area except when the activity was 
high-impact loading, in which case the tibial pla-
teau was most affected. Interestingly, there was 
no difference in athletes vs. nonathletes indicat-
ing that cartilage is not “trained” to resist stresses 
in the athletes. However, there are studies that 
have demonstrated relative lower rates of symp-
tomatic osteoarthritis in long-distance runners, 
indicating that athletic activity might have a pro-
tective effect on knee articular cartilage [ 6 ,  7 ]. 
These studies often show an increased rate of 
radiographic arthritis, but lower rates of symp-
toms. However, opposing studies have shown 
that long-distance running increases rates of 
symptomatic osteoarthritis [ 8 ] arguing against a 
protective effect. Overall, one of the most com-
prehensive studies of full- thickness chondral 
defects specifi cally in the knees of athletes was 
performed by Flanigan et al., which included 931 
subjects and 40 % professional athletes. The 
prevalence of full- thickness defects was 36 %, 
with the most common being patellofemoral 
(37 %). Interestingly, 14 % of athletes with these 
defects were asymptomatic [ 9 ].  

    Natural History 

 The natural history of chondral defects of the 
knee is mostly unknown. Articular cartilage is 
known at a basic science level to have limited 
ability to heal or regenerate. It is generally 
believed that large chondral defects may expand 
in size and lead to degenerative arthritis. However, 
there is limited published evidence to support this 
statement. While this contention seems logical 
given what is known about the basic science of 

cartilage, there is no proof. It is diffi cult to 
 perform these studies as asymptomatic lesions 
are diffi cult to follow, and symptomatic lesions 
have a wide range of available treatment options. 
Many of the studies are performed on ACL- 
reconstructed patients as cartilage lesions are 
often noted at the time of surgery, but not cor-
rected because they are asymptomatic.    A study of 
125 patients with Outerbridge grade III or IV 
lesions that were discovered but not addressed at 
the time of ACL reconstruction noted a statisti-
cally signifi cant, but not necessarily clinically 
signifi cant, decrease in knee scores at reevalua-
tion (medial compartment defect, 94.0 vs. 95.2, 
and lateral compartment, 92.8 vs. 95.9) [ 10 ].    
A similar study by Widuchowski et al. [ 11 ] stud-
ied 42 patients at 10-year follow-up and 36 
patients at 15-year follow-up and found that 
untreated deep cartilage lesions incidentally 
found during ACL repair do not affect clinical 
outcome. However, the lesions in these studies 
are asymptomatic and the fi ndings are not neces-
sarily generalizable to all chondral lesions, espe-
cially patellofemoral lesions. Progression may 
depend upon size, location, depth, condition of 
surrounding cartilage, age, concomitant pathol-
ogy, joint alignment and stability, and body mass 
index. Progression of lesions may lead to asymp-
tomatic radiographic changes that are essentially 
clinically insignifi cant. Also, patients with prior 
chondral lesions may experience symptoms of 
knee pain, but these symptoms cannot always be 
attributed to the defect, just because one exists. 
Finally there are no level one studies that exam-
ine the natural history of the lesions by compar-
ing a treatment group to a control group. Many of 
the studies are level IV studies, which, histori-
cally, overstate the benefi t of the treatment under 
consideration. This lack of evidence leads to a 
clinical dilemma. There is no strong evidence 
supporting the treatment of these lesions, but the 
alternative would be nonsurgical, conservative 
treatment in a painful, marginally functional 
knee. On the other end of the spectrum is arthro-
plasty, which may be a far too extreme procedure 
in a young patient and is not an option in a com-
petitive athlete. Therefore, while the natural his-
tory is mostly unknown, it is generally accepted 
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that full-thickness Outerbridge grade III or IV 
lesions are suitable for treatment. This statement 
is particularly true when concerning a high-level 
athlete who desires a treatment that will allow for 
return to play.  

    Historical Perspective 

 The Scottish anatomist and physician William 
Hunter famously noted in his eighteenth-century 
treatise entitled “On the Structure and Diseases 
of Articulating Cartilages” that [ 12 ] “If we con-
sult the standard chirurgical writers from 
Hippocrates down to the present age, we shall 
fi nd, that an ulcerated cartilage is universally 
allowed to be a very troublesome disease; that it 
admits of a cure with more diffi culty than carious 
bone; and that, when destroyed, it is not recov-
ered.” Over 100 years later, Paget stated, “There 
are, I believe, no instances in which a lost portion 
of cartilage has been restored, or a wounded por-
tion repaired with new and well-formed perma-
nent cartilage, in the human subject.” As 
evidenced from these quotes, the diffi culty of 
treating cartilage lesions has been known at least 
as far back as 1742, but it was over 150 years 
from this declaration that real attempts were 
made to treat these lesions. In the early 1900s, 
orthopedic surgeons fi rst tried using allograft tis-
sue to repair joint lesions, with the fi rst reported 
cartilage transfer being performed in 1908 by 
Judet when he transplanted posttraumatic frag-
ments into their defects and obtained pain relief. 
In the 1940s, open treatments were used to 
removed damaged cartilage or any other knee 
structures that could be causing pain [ 13 ]. These 
were essentially debridement techniques and 
there was no repair of damaged tissues. The earli-
est attempts at repair were microfracture tech-
niques used in dogs, which date back to the 1930s 
[ 14 ]. However, use in humans really began in the 
last 1950s with the    priddie drilling technique [ 15 ] 
which involved drilling into subchondral bone 
to  allow for fi brocartilage to fi ll the resultant 
defect. Arthroscopic techniques began with lim-
ited use in the 1930s, but arthroscopic cartilage 
restoration was not widely utilized until abrasion 

 arthroplasty became more popular in the 1980s. 
However, many of the techniques we use today, 
which are described in this chapter, are relatively 
new and were developed in the 1990s. This 
includes modern microfracture technique, osteo-
chondral autograft/allograft transplantation, and 
autologous chondrocyte implantation.  

    Basic Science 

 While bone has the ability to completely heal 
itself and remodel in response to the specifi c 
stresses placed on it, cartilage does not possess 
this inherent characteristic as it is avascular, 
aneural, and alymphatic with only sparsely dis-
tributed chondrocytes within an extracellular 
matrix. These chondrocytes rarely undergo 
 mitosis and are dependent upon diffusion for 
their nutrition. This combination of factors 
clearly does not lend itself towards regeneration. 

 Articular cartilage is histologically divided 
into four discrete levels, which include the super-
fi cial, transitional, deep radial, and calcifi ed lay-
ers. The superfi cial layer functions to secrete 
lubrication for the joint and has low permeability 
to fl uids, and its collagen fi brils are arranged par-
allel to the underlying tissue. The orientation of 
these fi bers renders this layer to be particular 
adept at resisting shear stress. The deep layer, on 
the other hand, contains collagen arranged per-
pendicular to the surface and allows this layer to 
resist compression and distribute load. A transi-
tion zone is present between the superfi cial and 
deep layers and is aptly named as it retains physi-
cal properties intermediate between the two due 
to its mix of collagen fi bril orientation. The deep-
est layer is the calcifi ed layer, which is important 
because progenitor cells and nutrients are con-
tained beneath this layer and breach of this level 
is necessary for “natural repair.” Therefore, both 
intentional and unintentional violations of this 
layer may provide opportunity for healing 
through the formation of a fi brin clot, vascular 
proliferation, and migration of pluripotent mar-
row cells. The biological restorative potential of 
these released cells and molecular factors is the 
molecular basis of the microfracture technique. 
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Unfortunately, the resulting tissue that fi lls the 
defect is fi brocartilage, which lacks the durability 
and functionality of native hyaline cartilage and 
is a major limitation to this technique. While vio-
lation of the calcifi ed layer is an absolute necessity 
with the microfracture technique, it is imperative 
to preserve this layer when performing autolo-
gous chondrocyte implantation. Autologous 
chondrocyte implantation is performed with the 
intent of restoring hyaline cartilage, and thus, the 
fi brocartilage inducing milieu that occurs with 
subchondral bone violation can theoretically 
undermine this goal.  

    Etiology and Pathophysiology 

 As noted in the prior sections, cartilage is avascu-
lar, alymphatic, and aneural, which means that 
pain cannot be generated directly from a cartilage 
lesion. Consequently, it is unknown why some 
chondral lesions cause pain and others are asymp-
tomatic. It is logical that exposed bone and its 
associated nerves would generate a pain response 
when there is a full-thickness defect of this tis-
sue. However, this does not address why some 
partial-thickness lesions are symptomatic. It is 
theorized that bone senses increased force trans-
mission through weakened cartilage. Other theo-
ries suggest that pain from partial lesions is not 
due to the defect, but rather from irritated sur-
rounding synovial tissue or other damaged struc-
tures. This question is yet unresolved, which is 
unsatisfying as these lesions can cause consider-
able pain and dysfunction but are lacking in a 
defi nitive pathophysiologic explanation. 

 Patellofemoral joint chondral injuries can 
arise from an acute event, such as direct trauma, 
a torn ligament, and patellar dislocation, or can 
result from a more indolent chronic process that 
leads to repetitive microtrauma and subsequent 
cartilage incongruity. There are a number of pre-
disposing factors to both acute and chronic inju-
ries, which include bone and soft tissue variances 
that lead to lateral maltracking/instability. Those 
factors related to anatomical bone variations 
include valgus knee alignment, a large  Q  angle, 
increased tibial tubercle–trochlear groove 

 distance on superimposed CT imaging, and 
 dysplasia of the trochlea. Infl uences related to 
soft tissue include lateral retinacular tightness, 
medial retinacular laxity, and medial patellofem-
oral ligament laxity. These aforementioned fac-
tors combined with muscular imbalances, 
decreased core strength, and variants of foot 
anatomy can all predispose the patella to 
increased contact stresses or instability. The 
forces on the patellofemoral joint are enormous 
and range from 3× body weight with stair climb-
ing to up to 20× body weight with athletic activi-
ties. Therefore, proper biomechanics are essential 
as patellar maltracking can concentrate these 
immense forces on a smaller area and lead to 
acute or chronic damage. Lateral maltracking at 
its extreme can lead to dislocation, which has 
been shown in the literature to be associated with 
a 95 % incidence of chondral lesions [ 16 ]. 
Predisposition to lateral maltracking and its 
resultant effect on the underlying cartilage are the 
basis of the anteromedialization techniques that 
are used to correct maltracking of the patella to 
relieve these stresses. Performing an anteromedi-
alization procedure simultaneously with cartilage 
restoration can aid in the survival of restored 
 cartilage and help produce successful outcomes 
following these procedures. 

 On a histologic level, cartilage injuries can be 
viewed as partial-thickness, full-thickness, or 
osteochondral injuries. Partial-thickness tears 
involve only the superfi cial zone of cartilage and 
lead to decreased proteoglycan content, increased 
hydration, and resultant stiffness. These changes 
predispose the cartilage to further injury as well 
as increase the forces on subchondral bone, as the 
damaged cartilage has decreased ability to absorb 
energy. Full-thickness defects involve destruction 
of the entire cartilage thickness with sparing of 
the subchondral bone and often result in visible 
fl aps or splits in the tissue. While some minor 
healing due to chondrocyte proliferation and 
increased extracellular matrix production may 
occur, substantive regeneration is not possible 
because this layer has no access to underlying 
pluripotent cells or vasculature. Osteochondral 
injuries involve damage to both cartilage and 
subchondral bones. These injuries are more 
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 common in adolescents and can be due to acute 
injury or chronic microfracture as is seen with 
osteochondritis dissecans. As described previ-
ously in this chapter, damage to this layer yields 
an infl ammatory response that leads to the forma-
tion of fi brocartilage fi lling the defect.  

    Classifi cation of Chondral Injuries 

    Chondral injuries are most commonly classifi ed 
using either the Outerbridge or international car-
tilage repair classifi cation system.  

    Diagnosis 

    History 

 The diagnosis of patellofemoral cartilage injury 
begins with a comprehensive history. These inju-
ries have a highly variable presentation, which 
ranges from being completely asymptomatic to 
causing debilitating pain, swelling, and limited 
function. The majority of patients who present 
with a lesion that requires treatment will com-
plain of anterior knee pain, but more posteriorly 
located distribution of pain is also possible. 
Condylar or tibial plateau defects, in comparison, 
will typically present with pain along the joint 
line. Any activity which increases patellar con-
tact stress can exacerbate this pain and includes 
many facets of athletic competition including 
running, jumping, and squatting as well as non-
athletic activities such as kneeling or stair climb-
ing. Other non-pain-related, however nonspecifi c, 
symptoms that patients may experience include 
crepitus, locking, giving way, and catching. A 
history of traumatic knee injuries, especially dis-
location, is very important to elicit as these have 
been correlated with a high rate of chondral 
injury [ 16 ]. A thorough history of all prior treat-
ment modalities both surgical and nonsurgical is 
imperative as current treatment decisions are 
nearly always infl uenced by those of the past. 
Finally, it is necessary to explore patient expecta-
tions, goals, and level of athletic competition as 
these factors are important in the decision- 
making process.  

    Physical Exam 

 The physical exam fi ndings at the patellofemoral 
joint are useful in suggesting the presence of lat-
eral patellar tracking, which can lead to increased 
patellar contact stresses. Positive fi ndings are 
present in a wide-spectrum disease severity rang-
ing from isolated pain due to patellofemoral syn-
drome, chronic microtrauma from increased 
stress, and lateral subluxation/dislocation with 
acute chondral injury. Therefore, physical exam 
fi ndings often help predict a predisposition to dis-
ease rather than being sensitive/specifi c diagnos-
tic tests for cartilage injury. The physical exam 
includes evaluation of gait, which can demon-
strate foot pronation, abductor weakness, knee 
subluxation, patellar tracking, and overall antal-
gia. Other anatomic observations during physical 
exam that may predispose to patellar maltracking 
include intoeing, valgus knee alignment, and fem-
oral anteversion. Abductor weakness can be tested 
with patient standing on one foot. A compensa-
tory shift in weight to the contralateral side refl ects 
a phenomenon that occurs during gait and predis-
poses the affected side to increased lateral stresses. 
A tight IT band (Ober’s test), muscular imbalance 
(VMO wasting), excess patellar mobility, patellar 
tilt, apprehension with lateral patellar force at 30° 
of knee fl exion, and patellar J sign (lateral dislo-
cation during knee extension) all suggest underly-
ing factors which predispose an athlete to altered 
contact stress or subluxation/dislocation which 
can ultimately cause chondral injury.  

    Imaging 

 Radiographs should include anteroposterior, lat-
eral, Rosenberg (PA with knee in 45° of fl exion), 
long leg alignment, and Merchant views of the 
knee. While osteochondral lesions are typically 
not visualized using this modality, bony anatomy 
can suggest a predisposition to disease (trochlear 
dysplasia, patellar tilt,  Q  angle, and tibiofemoral 
alignment) as well as rule out other causes of 
pain (osteoarthritis, rheumatoid arthritis, loose 
bodies).    Of note, the  Q  angle, which has often 
been cited as a key measurement in patellofemo-
ral disorders, can be associated with signifi cant 
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interobserver variation [ 17 ]. Additionally, it is 
important to recognize that osteoarthritis and 
joint space narrowing can be visualized with the 
Merchant view (45° of fl exion), but patellar mal-
tracking and condylar dysplasia are better visual-
ized at 30° of fl exion [ 17 ]. 

 CT and/or MRI is often more useful than 
roentgenograms for evaluating cartilage disease. 
These modalities may transition from helpful to 
necessary in obese patients as physical examina-
tion may yield limited information. A CT scan 
can more precisely defi ne patellar and trochlear 
osseous anatomy than can a Merchant view 
because the entire trochlea can be assessed. CT 
also allows for determination of tibial tubercle to 
trochlear groove distance (TT–TG), where an 
increased distance (>20 mm) suggests patellar 
maltracking. This value is determined by measur-
ing the distance between the deepest portion of 
the trochlear groove and the tibial tubercle when 
superimposed on axial cuts. More than 50 % of 
patients with patellar maltracking have a TT–TG 
distance of greater than 20 mm, whereas this is 
true in less than 5 % of asymptomatic knees [ 18 ]. 

 MRI can also be used to calculate the TT–TG 
distance with accuracy equivalent to that of CT 
[ 19 ]. Also, MRI can be very useful for directly 
detecting cartilage lesions. However, it is impor-
tant to separate correlation from causation as the 
presence of an osteochondral or chondral defect 
visualized on MRI is not always the source of a 
patient’s symptoms.  

    Arthroscopy 

 Arthroscopy is clearly the most invasive of the 
diagnostic tests, but is also the most defi nitive at 
it allows direct visualization of the cartilage 
surfaces. It allows for a defi nitive diagnosis, 
determination of the extent of pathology (size, 
depth, degree of containment), identifi cation of 
associated pathologies, and inspection of oppos-
ing cartilage surfaces and is an opportunity for 
debridement and lavage or biopsy for an autolo-
gous chondrocyte implantation procedure. 
In fact, cells from such a biopsy can be cryopre-
served for up to 2 years. Finally, if a patient has 

had previous surgery, arthroscopy can be 
 necessary to evaluate the surrounding cartilage 
and supporting knee structures. Further, prior 
arthroscopic surgery does not necessarily negate 
the need for diagnostic arthroscopy as the lesion 
in question or condition of the surrounding carti-
lage may have changed since the original evalua-
tion and visualization.   

    Differential Diagnosis 

 The differential diagnosis for anterior knee pain 
is broad and includes maltracking, patellar articu-
lar cartilage defects, trochlear articular cartilage 
defects, meniscal tears, ligamentous injury, patel-
lar tendinitis, plicae, prepatellar bursitis, frac-
tures, referred pain from hip pathology, infectious, 
neoplastic, vascular, and psychiatric disease.  

    Treatment Options Overview 

 The treatment goals for patellofemoral cartilage 
defects in the athlete are aimed at decreasing 
pain, increasing function, and returning the ath-
lete to his or her sport. These objectives are 
achieved through a variety of operative and non-
operative means. Nonoperative treatment aims to 
either correct patellar maltracking or simply 
reduce pain. Correction of patellar maltracking 
can decrease the likelihood of subluxation, 
reduce patellofemoral contact stress, and unload 
diseased cartilage. Pain reduction can be achieved 
through correction of patellar maltracking as well 
as a myriad of other treatment modalities. 
Physical therapy includes stretching and strength-
ening knee musculature with emphasis on vastus 
medialis obliquus (VMO), hip abductors, and 
core musculature. There is debate as to whether 
this is best achieved with closed- versus open- 
chain exercises [ 20 ]. Additional options to be 
used alone or in conjunction with physical ther-
apy include weight loss, taping, bracing, cooling, 
NSAIDs, glucosamine supplements, and intra- 
articular injections with corticosteroids or 
 viscosupplements. Nonoperative modalities 
are typically implemented for a minimum of 
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6 months with demonstration of improvement in 
VMO, core musculature, and hip abductor 
strength before surgical intervention will be con-
sidered. However, in the high-level athlete with 
economic incentives to hasten return to play, 
there is a lower threshold to initiate operative 
intervention. Surgical treatments are divided 
between those that correct alignment and unload 
the abnormal stresses and those that directly 
address the cartilage lesion. Unloading can be 
accomplished with proximal realignment of the 
quad tendon, VMO advancement, MPFL (medial 
patellofemoral ligament) reconstruction, medial 
retinacular plication, lateral retinacular release, 
and tibial tubercle osteotomy. Tibial tubercle 
osteotomy most commonly involves anteromedi-
alization and may be done in conjunction with a 
procedure that directly addresses the lesion. 
These defect-specifi c treatments include primary 
repair, debridement, microfracture, osteochon-
dral autografting, osteochondral allografting, and 
autologous chondrocyte implantation, which is 
the most common procedure to combine with 
tibial tubercle osteotomy. If the aforementioned 
treatments fail and the patient is left with debili-
tating pain or minimal function, total knee arthro-
plasty is an option. TKA has demonstrated 
successful results with regard to patient satisfac-
tion and implant longevity. Clearly this is not a 
valid option in an athlete looking to return to 
high-level competition. However, patients with 
TKA can satisfactorily participate in lower 
impact sports such as golf and swimming. Also, 
while TKA is more often being performed in 
younger patients, this population may also bene-
fi t from an isolated patellofemoral resurfacing 
operation.  

    Debridement and Lavage 

 Debridement and lavage is an older technique 
that involves direct arthroscopic visualization of 
the lesion, debridement of loose cartilage or sub-
chondral bone, and lavage, which may remove 
additional debris and, in theory, eliminate infl am-
matory cytokines and proteases.    This treatment is 
typically reserved for low-demand, older patients 

with limited symptoms and small (<2 cm) lesions. 
Therefore, this technique is of limited use unless 
a quite liberal defi nition of the term “athlete” is 
assumed. This treatment is rarely defi nitive, typi-
cally used for more generalized osteoarthritis, but 
can provide temporary alleviation of symptoms 
while allowing direct arthroscopic visualization 
of the cartilage defects and surrounding tissues. 
This treatment is also a useful adjunct in patients 
whom the primary source of pain is not a  cartilage 
lesion. The recovery time is short, patients may 
bear weight as tolerated, and early rehabilitation 
is acceptable. Fond et al. [ 21 ] published a cohort 
study which followed 36 patients with mean age 
of 64.5 who received debridement of meniscal 
lesions, stabilization of chondral defects, removal 
of impinging osteophytes, and notchplasty. He 
demonstrated successful outcomes using 
arthroscopic debridement in 88 % of patients at 2 
years and 69 % of patients at 5 years. This treat-
ment was most successful in patients with preop-
erative fl exion contractures less than 10° and 
preoperative HSS scores greater than 22. This 
study did not specifi cally comment on what 
 percentage of these patients had patellofemoral 
lesions.  

    Microfracture 

    Overview 

 Microfracture, or marrow stimulation, is a carti-
lage restorative technique in which a surgical awl 
is used to penetrate subchondral bone.    The resul-
tant violation of subchondral bone that allows 
bleeding and the formation of a “superclot” 
where pluripotent cells and other molecular fac-
tors, which are normally contained under the cal-
cifi ed layer of hyaline cartilage, have access to 
the chondral defect. These cells along with their 
necessary growth factors differentiate and fi ll the 
defect with fi brocartilage. The fact that the resul-
tant fi brocartilage cells come from underlying 
mesenchymal cells as opposed to migration of 
surrounding cells was demonstrated in a study 
that used radiolabeled cells and observed their 
migration [ 22 ]. Unfortunately, fi brocartilage does 
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not have the same durability and mechanical 
properties as native hyaline cartilage. Therefore, 
this technique is more often used as a fi rst-line 
treatment for low-demand patients with small 
lesions (<2 cm), and its use is less applicable in 
the athletic population. Further, the decreased 
wear resistance of fi brocartilage makes micro-
fracture less suitable for the patellofemoral joint 
and its associated high contact pressures.  

    Technique 

 Standard arthroscopic evaluation is performed 
for the purpose of identifying the lesion, charac-
terizing it, and ruling out or treating other pathol-
ogy prior to the microfracture (Fig.  5.1 ). A curette 
and mechanical shaver is used to expose sub-
chondral bone and create a “well-shouldered” 
lesion. A ring curette can be useful when prepar-
ing a lesion in the patellofemoral joint. Utilize an 
assistant to provide counterpressure and stabilize 
the patella during preparation of the patellar 
underside while removing the calcifi ed cartilage 
layer.

   Following lesion preparation, a microfracture 
awl is used to produce holes perpendicular to the 
surface 3–4 mm apart and 2–4 mm deep.    These 
are created from outside in to maximize the num-
ber that can be placed. Fat globules originating in 
the marrow should be visualized (Fig.  5.2 ). The 
fl uid pressure is then decreased to allow blood 
fl ow to the microfracture sites, the scope is 

removed, and the wounds are closed using 
 standard technique.

   Continuous passive motion (CPM) is started 
on the day of surgery, 6–8 h daily, for a length of 
4–6 weeks. In the patellofemoral joint, immedi-
ate weight bearing is allowed while in a hinged 
knee brace allowing 30–45° of fl exion. After 8 
weeks, patients begin active range-of-motion 
exercises and progress to full fl exion. Cutting, 
twisting, and jumping sports are prohibited for a 
minimum of 6 months.   

    Results 

 Studies of the microfracture technique have dem-
onstrated that it results in decreased pain and 
increased function in the majority of patients. 
A review of this literature also revealed some 
prognostics indicators of a successful result. The 
main diffi culty with interpreting the literature on 
this subject is that most of it pertains to the gen-
eral population as opposed to just the athletic 
population and the knee as a whole rather than 
just the patellofemoral articulation. For example, 
Mithoefer et al. [ 23 ] performed microfracture in 
48 patients with isolated full-thickness defects of 
the femur, but only 23 % of which were at the 
trochlea, and these lesions were not indepen-
dently analyzed. However, at average follow-up 
of 41 months, 32 patients (67 %) reported good 
or excellent subjective results, 12 (25 %) had fair 
knee function, and only 4 (8 %) reported poor 

  Fig. 5.1    Defect in the trochlea prior to microfracture         Fig. 5.2    Post-microfracture of the trochlea       
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function, suggesting relative success. The best 
results were seen in patient with low body mass 
index and a short duration of preoperative symp-
toms. Kreuz et al. [ 24 ] independently evaluated 
knee lesions in different knee compartments and 
demonstrated similarly successful results. These 
results are more useful despite small numbers, 
because they provide data specifi c to the patello-
femoral joint. There were 16 patients with aver-
age age of 41.6 years with grade III–IV trochlear 
defects and 11 patients with average age of 38.5 
years with grade III–IV patellar defects. Both 
groups had improved function at 36 months com-
pared to pre-op using Cincinnati knee and ICRS 
scores. Interestingly, there was improvement 
from pre-op to 6 months, continued improve-
ment from 6 to 18 months, but signifi cant 
decrease between 18 and 36 months. This was 
present in all knee compartments except in the 
femoral condyles, where they continued to show 
increased scores. Overall, however, there was 
still an increase in scores at 36 months compared 
to preoperative values. They concluded that the 
best prognostic factors were young patients with 
femoral condyle defects. Both of those studies 
demonstrated successful short-term results. 
Steadman et al. [ 25 ] have a comprehensive study 
of 72 patients with full-thickness defects, age 
less than 45, without associated meniscus or liga-
mentous injury with a longer, average 11-year 
follow-up after microfracture technique. Thirty-
nine of these patients had lesions that involved 
the patellofemoral joint. Signifi cant improve-
ment was demonstrated in average Lysholm 
scores (59–89) and Tegner scores (3–6), and 
most importantly, 80 % of the patients rated 
themselves as “improved.”  

    Osteochondral Autograft 

    Overview 

 Osteochondral autografting is a procedure where 
one or more cylindrical autografts are harvested 
from non-weight-bearing areas of the femur and 
are inserted into the cartilage defect to recreate a 

cartilage-covered surface. If more than one plug 
is transplanted, it is referred to as a mosaicplasty. 
This technique is limited by the amount of donor 
tissue available as well as morbidity at the donor 
site. The complex geometry of the patellofemoral 
articulation results in relative decreased utiliza-
tion of the technique at this site.  

    Technique 

 Place the patient supine, and begin the exposure 
utilizing a midline approach with either a medial 
or lateral arthrotomy. The majority of autologous 
bone grafts are removed from the lateral femoral 
condyle above the sulcus terminalis, the superolat-
eral aspect of the intercondylar notch, or the 
peripheral aspect of the medial femoral condyle. 
Harvest the plugs using a T-handle device, which 
is inserted perpendicular to the surface at a depth 
of 1.5 cm and rotated to harvest the tissue (Fig.  5.3 ).

   Prepare the recipient site by sizing the lesion 
and choose a reamer with a diameter similar to 
the size of the harvested grafts. Ream the recipi-
ent holes 1–2 mm apart and with 1–2 mm of 
excess depth beyond that measured from the size 

  Fig. 5.3    Defect in the patella prior to osteochondral 
autografting       
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of the harvested plugs. Further expand the holes 
as needed. 

 With the graft in a delivery tube, place it per-
pendicular to the recipient hole and drive it in 
using mallet strikes. Excessive force can lead to 
cell death, and therefore, caution should be taken 
with this step. Remove the delivery tube once the 
graft is close to fl ush with the surface and gently 
fi nish the impaction (Fig.  5.4 ).

        Results 

 As with microfracture, reports of autografting 
demonstrate positive short-term clinical results at 
the patellofemoral joint, with better results in 
other knee compartments. Hangody et al. [ 26 ] 
evaluated 1,097 autografting procedures with 
grade III, grade IV, or osteochondral lesions, 147 
of which were implemented at the patellofemoral 
joint. Eighty-one percent had a simultaneous 
 procedure, including ACL reconstruction, 
realignment osteotomy, meniscus surgery, or 
patellofemoral realignment. Fortunately, there 
was independent evaluation of results in each 
anatomic zone of the knee. Seventy-four percent 
of patients with patellar and/or trochlear pain had 
good to excellent results, which was lower than 
the 92 % of patients with femoral condylar 
implantations and 87 % with tibial resurfacings 
that experienced good to excellent results. This 

study also contained an evaluation of 93 
 professional athletes who underwent autologous 
osteochondral mosaicplasties. There were 26 
soccer players, 16 handball players, 10 track and 
fi eld athletes, 8 water polo players, 7 wrestlers, 6 
gymnasts, and 19 from other sports. The average 
age of the patients was 26 (14–39) and only ten 
included the patellofemoral joint. Sixty-four per-
cent of the patients returned to the same level of 
sports activity (fi ve of the patients participated in 
the Olympic Games in 1996, 2000, and 2004); 
19 % were able to return a lower level of sports 
activity and 17 % were unable to continue ath-
letic activities. 

 A study with longer term follow-up was per-
formed by Bentley et al. [ 27 ] who randomized 
100 patients to receive either ACI or mosaic-
plasty. The mean age of the patients at the time 
of surgery was 31.3 years and the mean duration 
of symptoms preoperatively was 7.2 years. 
Twenty- eight of these lesions were at the 
patellofemoral articulation but these were not 
independently analyzed. The number of patients 
whose repair had failed at 10 years was 10 of 58 
(17 %) in the ACI group and 23 of 42 (55 %) in 
the mosaicplasty group ( P  < 0.001). However, a 
closer analysis reveals that most of the mosaic-
plasty lesions did very well for about 2 years 
and then afterward went on to failure, indicat-
ing very successful short-term, but not long-
term, results.  

  Fig. 5.4    Osteochondral autografting to the patella ( a ) and the trochlea ( b )       
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    Osteochondral Allograft 

    Overview 

 Osteochondral allografting is typically used for 
larger lesions or those with substantial bone loss 
and is often a second-line procedure. However, it 
may be used as fi rst-line treatment in athletes or 
high-demand patients. It has the advantage of fi ll-
ing defects with hyaline cartilage and provides 
the ability to restore lost bone. Tissue matching is 
not necessary as cartilage is avascular, aneural, 
and alymphatic, the chondrocytes are relatively 
isolated, and the implanted tissue is not exposed 
to the host immune system. Fresh or frozen 

allograft tissue can be transplanted. While frozen 
tissue can last many years, fresh tissue is typi-
cally stored at 4 °C and is used within 28 days of 
harvest.  

    Technique 

 Place the patient supine, and begin the exposure 
utilizing a midline approach with either a medial 
or lateral arthrotomy. Next, size the recipient site, 
place a guide pin, and use a cannulated reamer to 
a depth of 6–8 mm (Fig.  5.5 ). Trim the sidewalls 
with a 15 blade and irrigate the site. Once this is 
complete, the depth of the cylindrical socket is 
measured at the 12, 3, 6, and 9 o’clock positions, 
and this is recorded. A more intricate freehand 
construct may be necessary at the patellofemoral 
joint due to the more complex architecture.

   The donor tissue is fi xed in a jig and a harvest-
ing device is used to remove the plug. The goal is 
to match the curvature and architecture of the 
plug to that of the recipient site (Fig.  5.6 ). This is 
clearly a diffi cult task at the patellofemoral artic-
ulation. The graft is then extracted and remea-
sured according to the recipient site measurements, 
and necessary adjustments to the donor plug are 
made in order to allow for an optimal fi t.

   Dilate the recipient hole of an additional 
0.5 mm and press fi t the graft using minimal 
force as chondrocyte injury or death may occur if 
excess energy is used. The donor tissue is shaped 

  Fig. 5.5    Sizing the patellar defect for an osteochondral 
allograft       

  Fig. 5.6    Patella allograft ( a ) with cylindrical graft removed from the patellar allograft ( b )       

 

 

5 Cartilage Restoration in the Patellofemoral Joint



88

to have minimal bone (usually composite 
 thickness of 5–8 mm) with the goal of establish-
ing a physiologic composite thickness (Fig.  5.7 ). 
Headless, variable pitch, and bioabsorbable 
screws may be used to fi x the shell allografts or to 
augment the fi xation of allograft plugs.

   Early weight bearing and range of motion are 
allowed and encouraged. With a multiple plug 
technique, full range of motion and protected 
weight bearing are advised for the fi rst 4 weeks 
and full weight bearing after that point. Sporting 
activities are typically allowed at around 4–6 
months postoperatively.   

    Results 

 Osteochondral allografting has shown relatively 
successful clinical results at the knee joint 
[ 28 – 30 ]. While most of these studies are not spe-
cifi c for the patellofemoral joint, there are some 
more recent studies that specifi cally evaluate 
osteochondral allografting in this area. 
Unfortunately, these studies are not specifi c to 
the athletic population. Torga Spak and Teitge 
[ 31 ] evaluated 14 allografts implanted into the 
knees of 11 patients younger than 55 years all 
with advanced secondary osteoarthritis. Eight 
grafts had survived at an average follow-up of 10 
years. Of the six that failed, three were in place 
for over 10 years. Average knee society scores 
improved from 46 to 82 points. This study pres-
ents effective results of allografting at the patel-
lofemoral joint. A similar study by Jamali et al. 

[ 32 ] evaluated 20 knees in 18 patients with 
 average age of 42 years who were treated with 
osteochondral allografting at the patellofemoral 
joint. Kaplan–Meier survivorship analysis dem-
onstrated a 67 % survival rate at 10 years with 
improved clinical knee scores in the remaining 
patients. A recent study by Krych et al. [ 33 ] spe-
cifi cally evaluated return to athletic activity after 
osteochondral allograft transplantation in the 
knee and demonstrated that at 2.5 years follow-
up, 38 of 43 athletes returned to sport at some 
level and 34 of 43 returned to pre- injury level. 
However, the majority of the treated lesions were 
not on the patellofemoral joint.  

    Autologous Chondrocyte 
Implantation 

    Overview 

 Autologous chondrocyte implantation is a tech-
nique wherein the patient’s own chondrocytes are 
biopsied, cultured outside of the body, and 
replaced within the defect to stimulate healing 
with hyaline cartilage. This technique is best 
suited for symptomatic, well-contained lesions in 
patients who are high demand, have large lesions, 
or have failed alternative surgical measures. This 
technique is also particularly well suited for 
repairing lesions at the patellofemoral joint due 
to the complex topography of the area. Therefore, 
this procedure is often used in athletes with patel-
lofemoral defects. However, if used at the patella 

  Fig. 5.7    ( a  and  b ) Patellar allograft placed into the patellar defect       
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or central/lateral trochlea, it is typically  combined 
with a realignment procedure of the tibial tuber-
cle. This is typically done to decrease the TG–TT 
distance and thereby causes the patella to track 
more medially, which will reduce patellar contact 
pressures and ultimately decrease stress on the 
graft. However, care must be taken not to overly 
medialize the tubercle as this also can lead to 
abnormal mechanics with increased medial wear. 
Contraindications to this procedure include 
infl ammatory arthritis, loss of subchondral bone, 
disease in the tibiofemoral joint, probable non-
compliance, and bipolar lesions. The success of 
this procedure and complication rates are improv-
ing as surgical technique and materials are opti-
mized. Formerly, a common complication was 
hypertrophy of the periosteal patch that is used as 
coverage of the implanted cells. However, com-
plications rates have decreased substantially 
since implementation of synthetic collagen patch 
in place of the periosteum [ 34 ].  

    Technique 

 An arthroscopic evaluation of the lesion must be 
performed to evaluate the lesions and to assess 
possibility of ACI. Cartilage is biopsied at this 
time and cultured to allow adequate cellular 
growth. 

 A midline utility incision that extends to the 
tibial tubercle gives adequate exposure if only 
ACI is being performed. If an anteromedializa-
tion procedure is also planned, the incision 
should extend 8 cm distal to the tibial tubercle. 
A lateral arthrotomy which extends from the vas-
tus lateralis to the anterior capsule allows ade-
quate exposure and is less morbid than a medial 
arthrotomy as it spares the vastus medialis. It is 
helpful to release the fat pad and to dissect the 
anterior horn of the meniscus from the capsule to 
increase exposure. The patella is subluxated or 
everted medially with varying amounts of knee 
fl exion to maximize the view of the trochlea. 

 To prepare the recipient site (Fig.  5.8 ), create 
vertical walls at the periphery of the chondral 
lesion using a 15 blade and then debride the 
defect using a ring curette. Remove all cartilage 
in the defect with the exception of the calcifi ed 

cartilage layer and create a “well-shouldered” 
recipient site without penetrating the underlying 
bone as this will cause bleeding (Fig.  5.9 ). 
Following lesion preparation, a template is 
pressed into the defect and is sized to cover the 
defect. Release the tourniquet and achieve hemo-
stasis. This step is critical as bleeding may lead to 
a result more similar to microfracture with the 
repaired cartilage composition having increased 
fi brocartilage rather than hyaline cartilage. 
Thrombin-soaked Gelfoam can assist in this step. 
Control persistent bleeding with the application 
of fi brin glue to the base of the recipient site and 
hold pressure for 5 min. Ensure that there is ade-
quate surrounding cartilage available to pass 
suture through in order to provide secure fi xation 
of the patch.

  Fig. 5.8    Patellar defect prior to autologous chondrocyte 
implantation       

  Fig. 5.9    Preparation of the patellar defect       
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    Cut the patch to fi t the defect and suture it in 
place using 6-0 Vicryl interrupted sutures achiev-
ing a water tight seal with a small opening into 
which the ACI cell mixture can be injected. 
Applying mineral oil to the suture can aid in pas-
sage through the cartilage. Tie the sutures on the 
patch side at the intersection of the patch and sur-
rounding tissues. Suture anchors can be placed to 
provide additional fi xation if necessary 
(Fig.  5.10 ). Alternatively, a collagen patch may 
be used rather than cartilage. The same technique 
is utilized; however, some of the cells may be 
seeded on a collagen patch prior to suturing it 
into place. Use fi brin glue to reinforce the seal 
and test it with saline. However, skip this step if 
there are cells embedded on the patch.

   Postoperatively, a hinged knee brace locked in 
extension is applied with range of motion 
advanced by 15° weekly. Continuous passive 
motion is initiated on the fi rst postoperative day 
for 6–8 h per day. The objective is to obtain 90° 
of fl exion by weeks 6–8, but not generally sooner 
than 4 weeks. Return to full activity is not permit-
ted until 8 months postoperatively to protect the 
lesion until the cartilage has suffi ciently matured.   

    Results 

 A number of studies have demonstrated both suc-
cessful short-term and longer term results of 
autologous chondrocyte implantation at the patel-

lofemoral joint [ 27 ,  35 – 37 ]. Pascual-Garrido et al. 
[ 38 ] studied a cohort that included 62 patients (63 
knees) who underwent autologous chondrocyte 
implantation of the PF joint with mean defect size 
of 4.2 cm 2 , average age of 31.8 years (range, 
15.8–49.4), and mean follow-up of 4 years (range, 
2–7). Thirty-fi ve patients had concomitant proce-
dures performed, including AMZ (28), lateral 
release (4), lateral meniscal transplant (2), and 
osteochondral autograft (1). This study demon-
strated statistically and clinically signifi cant 
improvement in a variety of knee scores including 
Lysholm (37–63,  P  < 0.001), International Knee 
Documentation Committee (31–57,  P  < 0.001), 
KOOS Pain (48–71,  P  < 0.001), KOOS Symptoms 
(51–70,  P  < 0.001), KOOS Activities of Daily 
Living (60–80,  P  < 0.001), KOOS Sport (25–42, 
 P  < 0.001), KOOS Quality of Life (24–49, 
 P  < 0.001), Short Form-12 Physical (38–41, 
 P  < 0.05), Cincinnati (43–63,  P  < 0.005), and 
Tegner (4–6,  P  < 0.05). Also, having a prior failed 
cartilage restorative procedure did not signifi -
cantly affect the outcome. This fi nding further 
emphasizes that the role of ACI can play follow-
ing a prior failed cartilage restoration. 
Additionally, they found that the patients who had 
concomitant anteromedialization showed a trend 
towards better outcomes. Unfortunately, a rela-
tively high percentage (44 %) of patients required 
a subsequent  procedure. However, these further 
procedures were not necessarily “failures” of the 
ACI procedure specifi cally as they were most 

  Fig. 5.10    Autologous chondrocyte implantation with a fi brous cover placed over the chondrocytes       
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commonly due to graft hypertrophy, painful 
 hardware, or new cartilage lesions. There were 
four true clinical failures (7.7 %), which were 
defi ned as progression to arthroplasty or conver-
sion to osteochondral allograft transplantation. 
Most importantly, 72 % of patients stated that 
they would be willing to have the surgery again. 

 Farr et al. [ 39 ] demonstrated similar improve-
ments in knee scores, reoperation rates, incidence 
of concomitant procedures, and treatment fail-
ures over a comparable time course. He evaluated 
38 patients (39 knees, average age 31.2 years) 
with unipolar or bipolar patellofemoral lesions 
treated with ACI and simultaneous biomechani-
cal correction procedure, the majority anterome-
dialization (74 %) at mean 3.1 years follow-up. 
There was a statistically signifi cant improvement 
in Cincinnati knee, Lysholm, and VAS pain 
scores. At mean 1.2 years, there was a median 11 
of 12 score on ICRS cartilage repair assessment. 
As with the previously discussed study, there was 
a high rate of reoperation (26 knees in 25 patients 
had 32 subsequent operations); however, only 3 
(7.8 %) were technically considered treatment 
failures (2 required microfracture and one had 
septic knee with patch removal of implant). 
Perhaps most importantly, 80 % of patients rated 
their function as good, very good, or excellent at 
the latest follow-up. 

 Minas and Bryant [ 36 ] prospectively studied 
45 patients with average age of 37.5 years at min-
imum 2-year follow-up after treatment involving 
ACI at the patellofemoral articulation. They dem-
onstrated a postoperative improvement as mea-
sured by the Short Form-36, Western Ontario and 
McMaster University Score, Knee Society Score, 
modifi ed Cincinnati Score, and a patient satisfac-
tion survey. There was a higher rate of failure in 
this study (eight patients, 18 %). However, the 
procedure was still relatively successful as 71 % 
of patients rated their outcomes as good or excel-
lent, 22 % rated outcome as fair, and 7 % rated 
outcome as poor. 

 The previously discussed studies demonstrate 
successful short-term results. However, there are 
a few studies that evaluate the longer term results 
of ACI. Peterson et al. [ 40 ] performed a study of 
ACI and independently evaluated 17 patients 

who were treated at the patellofemoral joint. 
At mean 7.4-year follow-up, he demonstrated 
that 13 of these 17 patients rated their overall 
clinical score as good or excellent. Another of the 
longer term studies was discussed earlier in this 
chapter. The report by Bentley et al. [ 27 ] in which 
he randomized 100 patients to ACI versus mosa-
icplasty showed only a 17 % failure rate at aver-
age 10 years of follow-up.  

    DeNovo 

    Overview 

 The use of particulated juvenile cartilage allograft 
(DeNovo Natural Tissue [NT]; ISTO, St. Louis, 
MO) for the treatment of articular cartilage 
lesions has been reported in the literature. This 
repair strategy uses bioactive cells to drive a bio-
logical process in a matrix scaffold that provides 
architectural support and facilitates the integra-
tion of the repaired tissue with the contiguous tis-
sue. Until recently, allograft treatment options 
have been limited to osteochondral grafts, as 
graft incorporation to host tissue was only possi-
ble at the bone level. The concept that cartilage 
could be transplanted without its underlying bony 
component is a new concept. However, the poten-
tial safety and effi cacy of DeNovo NT are chang-
ing the paradigm. 

 While the phenomenon of hyaline cartilage 
repair using particulated articular cartilage is rel-
atively new to the English-speaking literature, a 
thorough literature review reveals a published 
report by Albrecht et al. in the German literature 
dating back to 1983 [ 41 ].    Their work showed that 
cartilage autograft implantation without bone can 
lead to cartilage defect healing if the cartilage is 
cut into small pieces. Dr. Jian Q. Yao noted these 
early preclinical reports and decided to evaluate 
similar studies using particulated juvenile carti-
lage allograft (DeNovo NT; distributed by 
Zimmer, Warsaw, IN) in place of autograft. This 
alternative approach was based on two factors (1) 
allograft allows conceptually no limit to the 
amount of harvested tissue and (2) juvenile carti-
lage has the potential of more robust cellular 
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activity than older cartilage tissue. DeNovo is 
currently available for use in clinical applications 
without an IDE (investigational device exemp-
tion) study, and to date, over 2,200 patients have 
received this product. 

 DeNovo represents an excellent option in the 
patellofemoral compartment for two main rea-
sons. One, it is an “off-the-shelf” treatment that 
does not require staging of multiple procedures. 
Two, it allows conformity in the patellofemoral 
articulation. DeNovo can be placed into any 
defect and will conform to the shape of the defect. 
This is essential in the patellofemoral joint.  

    Technique 

 After confi rmatory arthroscopy, a limited medial 
or lateral arthrotomy is performed to fully visual-
ize the lesion (Fig.  5.11 ). The defect is outlined 
with a scalpel to create a shoulder (vertical 
peripheral wall) of normal or nearly normal host 
articular cartilage. The cartilage within the out-
lined area is removed carefully with a curette to 
the vertical wall of the host cartilage shoulder 
and the base of the defect. The base is cleared 
of all cartilage tissue including the calcifi ed 
layer without entering into the subchondral bone. 

No marrow stimulation procedure is performed. 
Hemostasis, without a tourniquet, is achieved 
with epinephrine-soaked Cottonoids and fi brin 
glue. After measuring the defect dimensions and 
recording the visual fi ndings with photographs, a 
thin aluminum sterile foil is pressed into the 
defect to create a three-dimensional mold, as a 
complete replica of the defect. Once formed, the 
foil mold is removed from the defect and placed 
on the back table of the operating room. Using 
the measured defect dimensions, the defect sur-
face area was calculated. One package of DeNovo 
NT graft is used for each 2.5 cm 2  defect. Larger 
defects require proportionally more packages of 
DeNovo NT graft.

   The DeNovo NT graft, in a specially formu-
lated nutrient preservation medium, is shipped in 
an aseptic temperature-controlled packaging. 
The medium is aspirated and the particulated 
 cartilage pieces are transferred to the foil mold 
and distributed 1–2 mm apart (potentially less 
separation depending upon the ratio between the 
implanted tissue volume and the surface area of 
the defect). Fibrin glued is then added to the car-
tilage pieces until the foil mold was fi lled to 
within 1 mm of its full depth. The glue is allowed 
to cure (typically 3–10 min) (Fig.  5.11 ). At that 
point, the fi brin glue/cartilage tissue construct is 

  Fig. 5.11    ( a ) Femoral condyle prior to implementation of DeNovo, demonstrating the cartilage defect. ( b ) After the 
implant of DeNovo       
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gently separated and then lifted from the foil in 
one piece. Fresh fi brin glue is applied at the base 
of the patient’s cartilage lesion, and the fi brin 
glue/particulated cartilage construct is pressed 
into the defect and the glue allowed to cure. It is 
imperative that the fi brin glue cartilage tissue 
construct is thinner (average 1 mm) than the sur-
rounding cartilage shoulders (average 2–3 mm), 
to minimize the potential for shear or direct com-
pressive load.   

    Results 

 To date, there are only two clinical studies on the 
use of DeNovo NT for symptomatic cartilage 
lesions in the knee that are reported in the litera-
ture [ 27 ,  42 ]. 

 The fi rst is a case report on the use of particu-
lated juvenile cartilage tissue for a symptomatic 
full-thickness patella cartilage defect [ 43 ]. At 
2-year follow-up, the patient experienced sub-
stantial clinical improvement in both pain and 
function when evaluated with both the IKDC 
subjective evaluation and the KOOS outcome 
measures. MRI at fi nal follow-up demonstrates 
fi ll of the defect with repair tissue and near- 
complete resolution of preoperative bony edema. 

 The second is an early interim report of 
patients that are a part of an ongoing multicenter, 
prospective, single arm study of 25 subjects [ 44 ]. 
This study is designed to evaluate clinical out-
comes such as IKDC, KOOS, and visual analog 
scale (VAS) scores, as well as extent and quality 
of repair with MRI and optional biopsies. To 
date, 25 patients with one or two chondral lesions 
on the femoral condyle or trochlea have been 
enrolled at three study sites. Four patients have 
completed 24-month follow-up and their out-
comes have been recently reported in Cartilage 
[ 44 ]. Detailed results of all 25 patients will be 
reported once they have all reached the 2-year 
postoperative follow-up milestone. 

 Of the four patients with 2-year follow-up, 
three had nontraumatic cartilage lesions and one 
had a traumatic cartilage injury. The average age 
was 43 years and body mass index was 27 lb/in 2 . 
The average lesion size was 2.71 cm 2 . Two 

patients had isolated trochlea lesions, one had an 
isolated condyle lesion, and one had focal lesions 
of both the femoral condyle and trochlea. KOOS, 
IKDC, and VAS scores demonstrate clear 
improvements in all scores across the 24-month 
follow-up period. Most of these improvements, 
especially in KOOS and VAS, were achieved at 
the 12-month mark and maintained throughout 
the study period.  

    Combined Anteromedialization 

    Overview 

 Tibial tubercle osteotomy, typically anteromedi-
alization, is often used concurrently with carti-
lage restoration procedures, particularly ACI, to 
correct maltracking issues and reduce stress on 
the regenerating cartilage. Maltracking is primar-
ily assessed with physical exam and calculation 
of TT–TG values. It is important to confi rm that 
medial cartilage is healthy, as the anteromedial-
ization procedure tends to increase medial 
stresses and would worsen defects in this area. 
Also, the chondral disease should be limited in 
scope as advanced disease may be better served 
with an arthroplasty procedure as there is a lack 
of healthy cartilage that can be used to unload the 
diseased cartilage. The AMZ procedure itself can 
be customized by changing the slope of the oste-
otomy to provide more exteriorization in patients 
with central or proximal lesions or more medial-
ization in patients with lateral lesions [ 38 ,  42 , 
 45 ]. Benefi ts of AMZ must be weighed against 
the additional risks of infection, symptomatic 
hardware, wound complications, nonunion 
(especially in obese patients, diabetic patients, 
and smokers), tibial fracture, compartment syn-
drome, and deep vein thrombosis. Removal of 
hardware is often necessary [ 39 ], and several 
series have reported tibial fractures with AMZ, 
which have led to more extensive weight-bearing 
limitations [ 46 ]. Despite these complications, 
patients who are undergoing patellofemoral car-
tilage restorative procedures have been shown to 
benefi t from a combined AMZ procedure [ 34 , 
 36 ,  39 ,  40 ,  47 ].  

5 Cartilage Restoration in the Patellofemoral Joint



94

    Technique 

 Preoperatively determine the amount of anterior-
ization and medialization of the tubercle that will 
be necessary. The goal of the medialization com-
ponent is to bring the TT–TG distance to within 
10–15 mm and to anteriorize around 10–15 mm 
(Fig.  5.12 ). By varying the slope and the extent of 
anteriorization, a variety of medialization dis-
tances can be achieved. Position and pad the 
patient, apply a tourniquet, administer anesthe-
sia, and then perform an exam prior to prepping 
and draping. The incision should start at the 
superior aspect of the patella and continue 
8–10 cm inferior to the tibial tubercle. Next, 
identify and release the patellar tendon from the 
capsule to allow for protection during the case. 
The incision should extend distally along the lat-
eral margin of the tibial tuberosity and tibial crest 
to allow for elevation of the anterior compart-
ment musculature and exposure of the tibia. Use 
a retractor to protect the deep peroneal nerve and 
anterior tibial artery. Perform the osteotomy with 
a commercially available system. An initial refer-
ence pin is orientated perpendicular to the poste-
rior cortex of the proximal tibia. The reference 
pin is inserted just distal to the patellar tendon 
attachment through the tibial tuberosity. Using 

preoperative calculations for anteriorization and 
medialization, the desired slope angle guide is 
assembled with the    cutting block and cutting 
block post. The cutting guide is then placed over 
the reference pin and the cutting block is posi-
tioned immediately medial to the tibial crest 
beginning directly in line with the medial border 
of the patella tendon and angled laterally to allow 
a lateral exit of the osteotomy distally. The 
desired pedicle length for the osteotomy is 
approximately 7–10 cm. When correct 
 positioning has been achieved and the entry and 
exit sites have been confi rmed, two breakaway 
pins secure the cutting block in position. With the 
retractor still protecting neurovascular structures 
posteriorly, the cut is made with an oscillating 
saw that is simultaneously cooled with saline. 
The cutting block is removed and the oscillating 
saw is directed towards the distal exit of the oste-
otomy to fi nish the distal cut. A small osteotome 
is used to complete the proximal osteotomy, 
approaching the tibial tuberosity medially and 
laterally at the level of the patella tendon inser-
tion. The tuberosity is now free.

   A ruler is used to measure the required amount 
of anteriorization and medialization based on 
preoperative calculations, and the pedicle posi-
tion is adjusted along the osteotomy slope. If 
required, the pedicles can be moved proximally 
or distally to address patellar height issues. 
A Kirschner wire is used to temporarily secure 
the pedicle when correct positioning has been 
achieved. The tuberosity fragment is then drilled 
using interfragmentary lag technique and secured 
using two countersunk 4.5 mm cortical screws. 
The screws are positioned perpendicular to the 
osteotomy (angled from the anterolateral aspect 
of the pedicle to anteromedial tibia) so they are 
directed away from posterior neurovascular 
structures (Fig.  5.13 ). The surgical site is closed 
in a standard fashion.

        Results 

 Some of the studies already discussed in this 
chapter have touched upon the benefi cial effects 
of combining an anteromedialization procedure 

  Fig. 5.12    Appropriate amount of anteriorization for the 
tibial tubercle       
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with other cartilage restorative procedures. 
Pascual-Garrido et al. [ 38 ] demonstrated that at 
an average 4-year follow-up, the patients who 
received anteromedialization with ACI tended to 
have better results than those with ACI alone. 
Farr et al. [ 39 ] also demonstrated successful 
results combining biomechanical realignment 
procedures with ACI. However, it must be noted 
that 44 % of the reoperations in this series were 
due to hardware-related pain at the anteromedial-
ization site. 

 Henderson and Lavigne [ 47 ] specifi cally eval-
uated the impact of concomitant correction of the 
extensor mechanism with ACI by comparing 22 
patients with realignment and patellar ACI to 22 
patients with “normal” patellofemoral tracking 
and patellar ACI. The group of patients with 
simultaneous extensor mechanism correction had 
a greater increase in average modifi ed Cincinnati 
knee score (4.5 vs. 1.7 points), better function, 
better SF-36 physical component scores (70.9 vs. 
55.4 points), and higher IKDC scores (85.2 vs. 
60.6 points) at an average follow-up of 2 years.  

    Treatment Theory 

 First, it is critical to correlate a patient’s  symptoms 
and presentation with the specifi c pathology of 
the knee and not refl exively assume that a carti-
lage lesion is the source of a patient’s pain simply 
because one is present. The outcomes of cartilage 

restoration procedures can be unpredictable, and 
the natural history of these lesions is unknown. 
Therefore, the simple presence of a cartilage 
lesion does not necessitate treatment. 
Understanding and managing patient goals and 
expectations is also critical to a successful out-
come. Patient concerns about progression to 
arthritis, safety of continuing activity with the 
lesion, level of improvement to expect, and pos-
sible need for subsequent procedures are typical 
questions. Unfortunately, these are diffi cult to 
answer given the lack of data on these subjects. 
Patient age, body mass index, symptom type 
(weight-bearing pain, non-weight-bearing pain, 
swelling, mechanical symptoms, giving way, 
pain walking on level ground vs. stair climbing), 
occupation and/or family commitments, risk 
aversion (desire to avoid current or subsequent 
surgical procedures), responsiveness and reha-
bilitation after previous surgical treatments, and 
the patient’s specifi c concerns related to his or 
her problem are all important preoperative con-
siderations. Age is a consideration because 
patients in their 4th of 5th decade often have dis-
ease on opposing surfaces, which is a contraindi-
cation to cartilage restoration procedures. 
Further, arthroplasty procedures should be con-
sidered in this population given the predictable 
and successful results. Concomitant pathological 
conditions in the knee often must be addressed 
prior to or during the restoration procedure to 
have a successful outcome. All aspects of the car-
tilage defect including depth, size, location, num-
ber, and geometry must be considered along with 
the condition of the surrounding cartilage and 
underlying bone. As noted above, always exam-
ine the opposing surface as the presence of dis-
ease, which is easily overlooked, may prevent a 
successful restoration procedure.  

    Treatment Algorithm 

 Concomitant conditions such as malalignment, 
ligament insuffi ciency, or meniscal defi ciency 
must be treated prior to or during the restoration 
procedure. Patellofemoral lesions are often 
treated with simultaneous realignment of the 

  Fig. 5.13    Completed anteromedialization procedure 
with fi xation of the tibial bone cut       
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 tibial tuberosity. Lateral patellofemoral lesions 
are treated with anteromedialization while medial 
lesions are treated with more anteriorization. The 
treatment algorithm is essentially based on both 
defect variables (mainly size and location) and 
patient characteristics (mainly activity level). 
Primary repair is done for any chondral injury 
that is amenable to fi xation, which includes acute 
osteochondral fragments or in situ and unstable 
osteochondritis dissecans lesions. The basic prin-
ciples for primary repair include elevation of the 
unstable fragment, debridement of the base, and 
microfracture, if necessary, to gain access to the 
subchondral blood supply to promote healing, 
bone grafting of areas of cystic changes or bone 
loss, and rigid fi xation of the fragment under 
compression. Headless compression screw fi xa-
tion may be necessary and these screws can be 
removed once healing has occurred. Continuous 
passive motion for 6 h each day is recommended.     
A second-look arthroscopy may be performed to 
evaluate the success of the procedure, likely 
prognosis, and to evaluate for fragment settling, 
which can expose screws used for fi xation. 

 Lesions not amenable to primary repair may 
be fi xed using cartilage restoration techniques 
discussed earlier in this chapter. Marrow stimula-
tion techniques are often a fi rst-line treatment in 
the general population and are used for smaller 
lesions (<2 cm) or in patients with larger lesions 
(>3 cm) and decreased activity levels. Small 
lesions in high-demand patients or those for 
whom marrow stimulation has failed can be 
treated with osteochondral autografting. This 
procedure can be a reasonable option in the ath-
letic population. However, it is challenging at the 
patellofemoral articulation given the complex 
geometry in this area. Larger lesions (>2.5 cm) 
are typically more amenable to osteochondral 
allografting or autologous chondrocyte implanta-
tion. Allografting, however, has the same struc-
tural diffi culties as autografting does in the 
patellofemoral joint. Autologous chondrocyte 
implantation is advised for younger patients with 
shallow lesions, especially those of the patello-
femoral joint. It is often the optimal choice in an 
athlete with patellofemoral cartilage disease. 
This method does not violate the subchondral 

bone and hence minimizes the impact on future 
treatments. Also, these lesions are typically 
smaller than those elsewhere in the knee, and for 
this additional reason, they are better treated with 
autologous chondrocyte implantation. Deep 
lesions with associated bone loss, on the other 
hand, typically require an osteochondral allograft 
to replace the damaged or missing bone. In gen-
eral, defects of the femoral condyle are better 
treated with allografting and those of the patel-
lofemoral joint with autologous chondrocyte 
implantation.  

    Return to Sports 

 Unfortunately, there is limited data on return to 
sports following knee cartilage restoration, espe-
cially in specifi c regard to the patellofemoral 
joint. Many individualized factors come into play 
including desire versus need to play a sport, the 
lesion size, physiologic and knee-specifi c comor-
bidities, age, BMI, expectations, pre-injury level, 
and level of sport. Return to sport can take a few 
months for small defects and up to years with an 
ACI procedure. Many of the recommendations 
are vague and based on personal experience 
rather than literature; however, there are some 
basic concepts. Older patients, in general, require 
more time as do patients with associated liga-
mentous repair, meniscal repair, or anteromedial-
ization surgery. Larger patients logically put 
more stress upon the patellofemoral joint that it 
typically takes these individuals longer to return 
as well. If the patient is a lower level athlete, it is 
often prudent to encourage them to adopt a lower 
impact sport if possible. Finally, it is important to 
educate patients and manage expectations as 
return to high-level athletics for a sustained time, 
while possible, is often not attainable. 

 There are, however, some patient- and lesion- 
specifi c factors that are prognostic for returning 
to sport which are supported by literature. 
Younger age has been associated with more 
favorable outcomes in several studies [ 4 ,  48 – 51 ]. 
Cartilage injuries in adolescent or young adult 
athletes may occur after an acute traumatic injury 
or secondary to osteochondritis dissecans (OCD). 
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These injuries generally result from a shearing 
force through the zone of provisional calcifi ca-
tion in a patient with open physes. However, the 
fact that these patients have open physes can lead 
to more healing potential. Mithofer et al. [ 4 ] stud-
ied 45 soccer players following autologous chon-
drocyte implantation with average follow-up of 
41 months. They noted that that the mean age of 
patients that returned to sport was 22.3 years ver-
sus 27.6 years in patients who did not return to 
sport. A higher proportion of high-level athletes 
returned to sport as well as patients with a shorter 
preoperative duration of symptoms. Patients 
whose ACI procedure was performed within 1 
year of injury had higher likelihood of a return to 
pre-injury level of competition. Although there 
are no defi nitive reasons for lower rate of return 
with more delayed treatment, chronic cartilage 
lesions in theory may increase in size, affect the 
opposite articular surface, and contribute to an 
unfavorable repair environment. Also, a delay in 
treatment may decondition the athlete, delay 
rehabilitation, and thereby negatively affect like-
lihood of return to competition. An increased 
number of prior procedures may also negatively 
affect an athlete’s outcome and ability to return to 
pre-injury athletics [ 52 ,  53 ]. The duration of 
rehabilitation after ACI varies with regard to spe-
cifi c patient characteristics, lesion location, con-
comitant procedures, and the type of sport played. 
The appropriate recommendation for return to 
play can be diffi cult to ascertain from the litera-
ture because there are multiple factors that may 
lead an athlete to return to competition. In the 
previously mentioned Mithofer study, it was 
reported that while 72 % of subjects reported 
good to excellent knee function, only 33 % were 
able to return to soccer; however, 10 of 12 (83 %) 
high-skill soccer players compared with only 5 of 
31 (16 %) recreational soccer players were able 
to return to the same level of competition. The 
mean time to return to soccer for high-skill play-
ers was 14.2 months. The disproportionate per-
centage of high-level athletes returning to the 
same level of competition has also been observed 
in patients undergoing microfracture surgery, 
with greater than 76 % returning to play. This fi g-
ure is obtained from a study by Steadman et al. 

[ 54 ] who evaluated the return to play rates in 25 
NFL players following microfracture. While 
these are promising results, many studies have 
demonstrated that athletes who underwent ACI as 
compared to microfracture are able to remain 
competitively active for a longer period of time 
[ 4 ,  48 ,  54 ,  55 ]. This is not surprising, however, 
given that the restored cartilage with ACI consists 
of more durable hyaline cartilage as compared to 
the fi brocartilage that fi lls the defect with micro-
fracture. There are several factors likely contrib-
uting to an increased percentage of high-level 
athletes returning to sport, including younger 
age, shorter duration of symptoms before treat-
ment, improved postoperative rehabilitation, psy-
chological factors, and economic incentives.  

    Future Directions 

 The future of patellofemoral cartilage restoration 
is exciting with much room for development as 
many of the modern techniques were only 
recently invented and are constantly evolving. It 
may become possible to utilize more microbiol-
ogy and genetics in the diagnosis and treatment 
of these injuries. On the diagnostic side, creating 
a genetic profi le of a patient’s cartilage that could 
determine the risk of progression or further injury 
would be instrumental in the operative decision- 
making process. Genetics may also be used to 
profi le donors of allograft tissue and predict the 
likelihood of successful implantation based on 
tissue compatibility. On a histologic level, the 
ability to grade the quality of donor cartilage 
would also be helpful for determining prognosis. 
Prosthetic scaffolds for autologous chondrocyte 
implantation are already in place; however, the 
quality of these materials will continue to 
improve. Biologic growth factor additives may 
allow for quicker healing, single-stage ACI with 
an allogeneic source of cells, or microfracture 
with increased hyaline cartilage as opposed to 
fi brocartilage content. Saw et al. [ 56 ] demon-
strated good results in a case series of fi ve patients 
who were treated with microfracture along with 
the addition of peripheral blood progenitor cells 
and hyaluronic acid. This idea was generated 
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based on similar study using a goat model [ 57 ] in 
which the resultant cartilage had a better mix of 
hyaline cartilage and more histologic features of 
hyaline cartilage. Overall, cartilage restoration 
procedures will continue to progress as the cur-
rent procedures are optimized and new tech-
niques are developed.     
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           Introduction 

 The medial patellofemoral complex, consisting 
of the medial patellofemoral ligament (MPFL) 
and the medial patellotibial ligament, is the 
main passive stabiliser of the patellofemoral 
joint. Since it has been shown that a rupture of 
the MPFL occurs after a fi rst-time patellar dislo-
cation [ 1 ] and biomechanical studies have dem-
onstrated that the MPFL is the main restraint 
against lateral patellar displacement, reconstruc-
tion (or repair) of the MPFL has become a wide-
spread technique for restoration of patellofemoral 
stability.    MPFL reconstruction (MPFLR) has 
become increasingly popular since distal 
realignment procedures have provided inade-
quate restoration of patellofemoral stability, 
leading to increased mediolateral instability, 
increased patellofemoral pressure or arthritic 
degeneration [ 2 ,  3 ]. Furthermore, it has been 
shown that lateral release or opening of the lat-
eral retinaculum leads to an increased lateral 
and medial instability as well as to lateral pain 
after cicatrisation (AMIS,    etc.). Therefore, not 
the loosening of the lateral but the strengthening 
of the medial soft tissue complex became the 
surgical strategy to act against the lateralising 
force of the quadriceps. 

 Since medial reefi ng procedures have shown 
mixed results, MPFL reconstruction has become 
the widely accepted surgical technique for the 
treatment of patellofemoral instability. The 
 reefi ng technique tightens the vastus medialis, 
which only stabilises the patellofemoral joint in 
fl exion by increasing the patellofemoral pressure, 
but not in extension when the lateralising quadri-
ceps vector is the highest. The repair of the 
MPFL, published mainly as an arthroscopic tech-
nique, may be a surgical alternative in patients 
with a fi rst-time dislocation, enough remaining 
functional soft tissue and an MR diagnosis, show-
ing the rupture location of the MPFL, so a repair 
at the femoral or patellar insertion could be 
performed. 

 Therefore, numerous techniques for recon-
struction of the medial patellofemoral complex 
have been described with promising clinical 
results [ 4 ]. In this chapter, the anatomy and func-
tion of the MPFL as well as the different indica-
tions and contraindications for MPFL repair and 
reconstruction will be explained.  

    Anatomy and Biomechanics 

 The MPFL takes an important role in patellofem-
oral stability as it is the main passive stabiliser, 
working as a ligamentous restraint against the 
lateralising force of the quadriceps vector [ 5 ]. It 
is situated in between the second and the third 
medial patellofemoral layers [ 6 ]. The MPFL 
attaches posterior to the saddle in between the 
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medial epicondyle and the adductor tubercle [ 7 ]. 
At the patella, there is a wider insertion area at 
the upper and middle third of the patella, cover-
ing 40 % of the medial patellar edge [ 8 ]. Due to 
the oblique direction of the MPFL (compare 
attachment areas, see above), an intact or recon-
structed MPFL not only decreases patellar tilt 
and shift and therefore limits the subjective 
apprehension, but it also distalises the patella and 
lowers the risk of a subluxation close to exten-
sion. Despite the MPFL being very thin, it had a 
mean tensile strength of 208 N and has been 
reported to be the primary passive restraint to 
patellar lateral displacement [ 9 ], occurring most 
easily at 20° knee fl exion. Therefore, the contri-
bution of the MPFL to resisting patellar lateral 
subluxation is greatest close to extension.  

    Indication for Surgery: Repair 

 Indication for an MPFL repair is the acute 
(traumatic) fi rst-time lateral patellar dislocation. 
   Thereby, MPFL and medial parapatellar reti-
naculum can be elongated, partially or totally 
ruptured. A persistent subluxation and a detach-
ment of the VMO as well as a well-defi ned MPFL 
rupture localisation after a fi rst-time dislocation 
are indications for an MPFL repair. A relative 
indication for a repair may be the fi rst-time dislo-
cation in an athletic individual to return to sports 
with an improved stability as soon as possible or 
an early failure after conservative treatment. 
However, a relative contraindication for a repair 
may be in patients with underlying risk factors 
such as a high-grade trochlear dysplasia or a fem-
oral malrotation. These patients may do better 
with a reconstruction. 

 For a successful repair, the rupture localisa-
tion has to be identifi ed exactly, making an MRI 
examination mandatory. Overviewing the litera-
ture, the rupture localisation of the MPFL after a 
fi rst-time dislocation shows a big variance, but 
seems to be mainly at the femoral insertion [ 10 , 
 11 ]. However, if a repair is planned, the exact 
rupture localisation (patellar, femoral or intra-
mural) must be known to address the injury 
correctly.  

    Surgical Technique for MPFL Repair 

 After identifying the rupture localisation, the 
repair can be done with either sutures (intramural 
rupture) or suture anchors (femoral or patellar 
detachment). While intramural sutures can be 
performed arthroscopically according to a tech-
nique described by Yamamoto [ 12 ], bony detach-
ments have to be performed in an arthroscopically 
assisted mini-open technique. In patellar fi xation, 
two little suture anchors can be placed at the 
proximal and distal MPFL insertion area, and the 
ruptured MPFL (and VMO retinaculum if indi-
cated) can be re-sutured to the patella. In cases of 
a femoral detachment, one bigger suture anchor 
should be inserted into the femoral MPFL inser-
tion area under fl uoroscopic control (see later: 
femoral attachment), and the ruptured fi bres can 
be reattached either by a mini-open or by an 
arthroscopically assisted technique. 

 Postoperative treatment should place the knee 
in a fi xed 20° brace to avoid damage to the repair 
for 2 weeks. The brace is then adjusted to 
0°–10°–60° to begin ROM exercises avoiding 
active quadriceps strengthening in week 3–4 and 
adjusted to 0°–10°–90° for week 5 and 6. 
Thereafter, full ROM is allowed. Partial weight 
bearing is permitted directly after surgery and 
progressed after 2 weeks as tolerated.  

    Indication for MPFL Reconstruction 

 Patients with recurrent PFI tend to have subse-
quent dislocations with a risk of re-dislocation 
around 50 % within 2–5 years [ 13 ]. In these 
cases, a surgical intervention is normally recom-
mended, especially if the patient wishes a reduc-
tion of the persistent apprehension and to 
minimise the re-dislocation rate. The concept of 
stabilising the patellofemoral joint by MPFLR is 
to reduce the excessive laxity or insuffi ciency of 
the medial passive patellar stabiliser. 

 For a correct indication, patient history and 
clinical examination as well as additional radio-
graphic diagnostics are required to ensure the lat-
eral instability. In the clinical examination, the 
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lateral apprehension test has to be performed in 
different degrees of fl exion to document if and 
when the patella gets a good stability and guid-
ance. Furthermore, an MRI helps to defi ne the 
morphology of the trochlea, tilt and shift of the 
patella, the height of the patella and, most impor-
tantly, the condition of the MPFL. In the history, 
it is important to know about the age, when the 
fi rst patella dislocation occurred, if it is bilateral 
and if other family members are suffering from a 
similar problem. 

 The ideal patient does not report additional 
pain in between the dislocations. If pain is the 
main problem, even in PFI, the indication for 
MPFLR has to be taken very carefully. If pain 
and instability have the same impact on the 
patient’s daily life, the patient has to be coun-
selled beforehand that the stabilisation will not 
reliably treat pain as well, since MPFLR is 
increasing patellar constraint and therefore the 
patellofemoral pressure. Finally, a permanent 
dislocator or instability up to a fl exion of 60° is 
not due to an isolated lack of the MPFL, but due 
to a complex entity. 

 Overall, the ideal patient and indication for an 
isolated MPFLR is the recurrent dislocator with a 
positive apprehension up to 30° of knee fl exion 
and a tremendous laxity or insuffi ciency of the 
medial retinacular structures and MPFL, being 
responsible for recurrent lateral dislocations that 
have not responded to conservative treatment or 
that have showed an early failure after local repair.  

    MPFL Reconstruction: Author’s 
Preferred Technique 

 Since it is known that a nonanatomical recon-
struction of the MPFL can lead to non- physiologic 
patellofemoral loads and kinematics [ 9 ], the goal 
of a surgical intervention must be an anatomical 
reconstruction. Since the femoral insertion of the 
MPFL has been evaluated anatomically [ 9 ], bio-
mechanically [ 14 ] and radiologically [ 15 ], the 
complications of an increased patellofemoral 
pressure in fl exion associated with nonanatomi-
cal femoral graft fi xation that is too anterior/
proximal [ 9 ] can be avoided. Upon careful 

 observation of the anatomical shape of the 
 original MPFL, it is apparent that the patellar 
insertion is much wider than the femoral one. 
Additionally, Amis et al. have shown that the 
native MPFL has a double-bundle structure [ 9 ]. 
Respecting this anatomical condition, a double-
bundle reconstruction at the patellar side is rea-
sonable to restore native ligamentous morphologic 
and biomechanical properties; moreover, this 
method lessens the patellar rotation during fl ex-
ion–extension movement that may occur during 
single- bundle reconstruction. Since the MPFL 
has a tensile strength of 208 N, a gracilis tendon 
graft has enough strength for MPFLR and, fur-
thermore, has a lower diameter than a semitendi-
nosus graft, making a patellar fi xation easier. 

 When performing an MPFLR, one has to take 
in consideration that we reconstruct a checkrein 
which gives a fi rm stop when the patella is pas-
sively lateralised but is not a structure with an 
active persistent pulling force, since the patella 
has a physiological gliding towards lateral of 
7–9 mm which has to persist even after MPFLR. 

 Recent studies have described an anatomical 
double-bundle reconstruction, using an aperture 
fi xation at the femoral insertion [ 16 ,  17 ], while 
the patellar fi xation remains relatively indirect, 
resulting in the eventual risk of postoperative 
micromotion and subsequent loosening. Patellar 
graft fi xation has been described with either an 
anchor system, attaching the graft into a bony rim 
[ 18 ], or by tying the attached graft sutures to each 
other at the lateral patellar edge [ 17 ]; however, 
this method may potentially result in graft slip-
page by degloving [ 19 ]. 

 On the other hand, other techniques are 
described with a patellar fi xation by looping the 
graft through a bone tunnel without any addi-
tional fi xation devices [ 20 ]. This technique 
appears to produce stable fi xation at the patella. 
However, in soft bone, a widening of the tunnel 
could occur in the long-term results, such as par-
tial patellar bone breakage; moreover, in patients 
with a short gracilis graft, the tendon length may 
not be long enough to reach the anatomical femo-
ral insertion. 

 In the following, the author’s preferred tech-
nique is described, consisting of a double-bundle 
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technique with an aperture fi xation at the patella 
and the femur, providing a high initial stability on 
both insertions, resulting in improved bony in- 
growth and, consequently, an earlier return to full 
range of motion and activity.  

    Set-up 

 This surgery typically requires between 45 min 
and 1 h of operation time and can be performed 
either under general or local anaesthesia. A tour-
niquet is required, and we use a hydraulic knee 
support to adjust the knee in the demanded fl ex-
ion degrees during surgery. Additionally, a fl uo-
roscope is mandatory to identify the correct 
femoral MPFL insertion. Instruments are very 
similar to ACL instrumentation and can also be 
received as a complete package by the industry. 

 If an additional arthroscopy is performed, the 
author recommends doing this without water 
support to avoid soft tissue swelling.  

    Harvesting and Preparing 
of the Gracilis Tendon 

 A 2-cm-long oblique incision is performed at the 
pes anserinus. After incising the sartorius apo-
neurosis, the gracilis tendon is harvested after 
identifying both semi-T and gracilis tendon and 
when it is free from crural fasciae. The tendoni-
ous part of the gracilis should be at least 18 cm 
long. After determining the doubled tendon 
diameter, both ends are whipstitched over a short 
distance, including both very ends of the graft 
with a #0 absorbable braided suture.  

    Preparing the Patellar Insertion 
Side and Tunnels 

 A 2-cm skin incision is then performed at the 
medial patellar edge, starting at the superomedial 
corner of the patella, where the patellar MPFL 
insertion is located [ 7 ,  14 ] and the bony medial 
patellar margin is prepared (Fig.  6.1 ).

   To achieve aperture fi xation at the patellar side, 
the free graft ends have to be fi xated directly to the 
patella. Therefore, two guide wires are into the 
patella, placing the fi rst at the proximomedial edge 
with a distolateral drilling direction, and the sec-
ond one 15 mm distal and parallel to the fi rst one. 
Then, the guide wires are subsequently overdrilled 
with a cannulated 4.5-mm drill to a depth of 
25 mm. The two free sutured graft ends are fi xed 
into the patellar holes one after each other, using 
a 4.75 × 15-mm knotless anchor (   SwiveLock, 
Arthrex), achieving a direct anatomical graft fi xa-
tion. To accomplish this, the graft sutures are 
pulled through the PEEK eyelet of the SwiveLock 
and pushed into the drill holes. Keeping the suture 
under tension, the graft ends are fi xed with the 
knotless anchors (Fig.  6.2 ). In this way, a double-
bundle aperture fi xation at the patellar side is 
achieved, leaving the graft loop free (Fig.  6.3 ).

        Layer Preparation 

 As the MPFL is situated central to the vastus 
medialis obliquus (VMO) in the second layer of 
the medial patellofemoral complex [ 7 ], the central 
part of the VMO is identifi ed, and a scissor is 
brought along to the medial femoral epicondyle in 
between the VMO and the joint capsule,  cautiously 
avoiding any injury to the joint. After the opened 

  Fig. 6.1    After the anatomical landmarks of the patella are 
marked, a 2-cm incision from the supermedial corner of 
the patella to the medial margin is performed       
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scissors are removed, a right angle clamp is 
brought into the separated layer, and the tip is 
directed towards the skin in the area of the adduc-
tor tubercle, where the femoral MPFL insertion is 
located. Then a small longitudinal skin incision is 
performed over the tip in 30° knee fl exion in the 
femoral MPFL insertion area and a suture loop is 
inserted in the before-prepared layer.  

    Preparing the Femoral 
Insertion Site 

 To avoid non-physiological patellofemoral forces, 
the femoral MPFL insertion has to be very accu-
rate. Therefore, a guide wire with an eyelet is 

placed slightly posterior to the midpoint of the 
medial epicondyle and the adductor tubercle, and 
the entering point into the bone is marked by plac-
ing a cannulated 6-mm drill over it [ 7 ]. Then the 
probable drill position has to be controlled by a pic-
ture intensifi er on a straight lateral view to obtain 
the correct anatomical femoral insertion; if the 
graft is placed too anterior or proximal, abnormal 
graft tensioning will lead to increased patellofemo-
ral pressures during fl exion [ 9 ]. The radiographic 
landmark of the anatomical MPFL insertion has 
been shown to be located slightly anterior to an 
elongation of the posterior femoral cortex in 
between the proximal origin of the medial condyle 
and the most posterior point of Blumensaat’s line 
[ 18 ] (Fig.  6.4 ). An anatomical femoral insertion 
avoids    overextension, which occurs if the femoral 
tunnel is placed too far  anterior or proximal. In this 
case, the insertion point would move towards pos-
terior in fl exion, leading to a lengthening of the 
distance between patellar and femoral insertion, 
increasing the load onto the graft and, conse-
quently, onto the patellofemoral joint.

   If a nonanatomical placement of the drill 
guide insertion is identifi ed, the guide has to be 
corrected accordingly. Nowadays, also a special 
template can be used, where radio-dense lines are 
adapted according to the fi ndings of an anatomical–
radiological study (Fig.  6.5 ). When the correct 
insertion is achieved, the guide wire is overdrilled 
with a 6-mm drill up to the contralateral cortex to 
achieve enough tunnel length, leaving the drill 
guide in place.

       Graft Fixation 

 The suture loop is then used to pull the graft from 
the patellar fi xation in between layer 2 and 3 to 
the femoral insertion. Next, a nitinol wire is 
inserted into the femoral drill hole along the drill 
guide, and the suture loop is pulled to the lateral 
side. Finally, while maintaining equal tension on 
both bundles, the graft is pulled into the femoral 
socket.    Since biomechanical studies have shown 
that the MPFL has its maximal length and 
restraint against patella lateralisation in 30° of 
fl exion (Fig.  6.6 ) [ 9 ].

  Fig. 6.2    Using two SwiveLock anchors ( a ) the armed 
graft ends are inserted and fi xated into the patella ( b    )       

  Fig. 6.3    Graft ends are fi xed using a 4.75 × 15-mm 
SwiveLock screw while tensioning the graft       
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  Fig. 6.4    The femoral 
insertion of the MPFL has 
been shown to be located 
slightly anterior to an 
elongation of the posterior 
femoral cortex in between 
the proximal origin of the 
medial condyle and the 
most posterior point of 
Blumensaat’s line       

  Fig. 6.5    ( a ) Template with radio-dense marking lines to 
identify the anatomical MPFL insertion. ( b ) The radio-
dense lines of the template are placed along the marking 

points described in Fig.  6.4  under fl uoroscopic view, and 
the guide wire can be drilled through the whole       
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   Femoral fi xation is performed in 30° fellows 
of  fl exion with the lateral patellar edge positioned 
in line with the lateral trochlear border using a 
bioresorbable interference screw with a diameter 
of 6 mm. If adequate medial restraint has been 
restored, lateral patellar dislocation should no 
longer be possible, and routine skin closure is 
performed after reattaching the aponeurosis of 
the VMO back to the medial edge of the patella 
with resorbable sutures.  

    Postoperative Treatments 

 This aperture fi xation at the patellar and femoral 
insertion provides an immediate stable tendon to 
bone fi xation with an ultimate load to failure 
force at the patellar side higher than the 208 N 
needed to rupture an intact MPFL [ 9 ]. Weight 
bearing is allowed; however, no more than 20 kg 
until wound healing, while leg raising and quad-
riceps setting exercises, can be started immedi-
ately with a free range of motion as tolerated. 

 Low-impact activities such as running or 
cycling are allowed at 6 weeks’ post-op; full 
activity is permitted at 3 months.  

    Discussion 

 The benefi t of the anatomical graft positioning in 
ligament reconstruction has been known for a 
long time and has been clearly demonstrated in 
ACL reconstruction. Anatomical reconstruction 
of the MPFL is particularly important as biome-
chanical studies have demonstrated that the 
length change pattern of an MPFL reconstruction 
depends critically on the site of the femoral 
attachment; moreover, kinematics change signifi -
cantly when the patellar or the femoral insertion 
has been off by only 5 mm [ 14 ]. Aside from tun-
nel placement, graft fi xation is the another deter-
mining factor in ligament reconstruction [ 19 ]. 
Non-aperture fi xation at either the femoral or 
patellar insertion can increase the risk of a 
delayed or insuffi cient tendon to bone healing, 

  Fig. 6.6    The double-bundle aperture fi xation is achieved at the patellar side as well as at the femoral insertion       
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which may result in early loosening or  slackening 
of the graft. To avoid this, a restricted range of 
motion is recommended by some surgeons; how-
ever, this may lead to arthrofi brosis, potentially 
necessitating an additional arthroscopic arthroly-
sis, carrying the additional risk of damage to the 
graft. 

 The above described technique gives the pos-
sibility of an immediate full range of motion and 
loading due to an aperture fi xation at both inser-
tion sides within an anatomical reconstruction. 

 In recent studies, a tendon transfer is described 
either to the patella or to the femur for recon-
structing the MPFL [ 21 ,  22 ]. In these techniques, 
not only is the transferred muscle weakened, but 
neither the patella nor the femoral insertion can 
be reconstructed at its anatomical insertion. Also, 
the graft used is always a single-bundle graft 
despite the fact that the MPFL consists of a prox-
imal and a distal bundle [ 9 ]. This also includes a 
single-point fi xation at the patellar side, increas-
ing the rotational moment of the patella in fl ex-
ion–extension movement. In terms of the fi xation 
itself, some techniques fi x the graft to the sur-
rounding soft tissue [ 23 ] and not to the patellar 
and/or femoral bone even though a ligament is a 
structure in between bones, and recent studies 
have proven the high resistance to failure of ten-
don–bone interfaces. 

 Since tendon to bone healing showed excel-
lent results in ACL reconstruction with hamstring 
tendon grafts, the same fi xation is used at both 
the femoral and the patellar sides in our preferred 
technique [ 24 ]. 

 Another technique, looping the graft through 
the patella, provides a very high initial fi xation 
strength, and preliminary results are promising 
[ 20 ]. However, if micromotion in the patellar tun-
nels develops, it may lead to a slackening of the 
graft at later follow-up. However, if the graft is 
very short, the femoral insertion cannot be 
reached and a too anterior nonanatomical femo-
ral fi xation has to be accepted, leading eventually 
to an increased patellofemoral pressure, loss of 
fl exion or graft rupture. 

 The use of a three-point fi xation allows us to 
place the graft at the anatomical insertion with a 

suffi cient length and to recreate the double- bundle 
structure of the MPFL as it was described in an 
anatomical study by Amis [ 9 ]. According to these 
fi ndings, this simulates the anatomical situation 
as close as possible, since the proximal bundle 
stabilises in extension, while the distal bundle sta-
bilises in fl exion. Furthermore, the double-bundle 
reconstruction decreases patellar rotation in con-
trast to techniques where only a single-point fi xa-
tion is performed or the middle part of the 
quadriceps tendon is fl ipped medially [ 14 ]. 
Reproducing the anatomy of the native MPFL 
enables the reconstructed ligament to have an iso-
metric function and therefore avoids increased 
patellofemoral pressure in higher degrees of knee 
fl exion [ 18 ]. We also estimate that in long-term 
follow-up, slackening of the graft will not occur 
due to an improved tendon to bone healing by 
using direct fi xation at the femoral as well as at 
the patellar insertion.     
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           Introduction 

 Anterior knee pain is a common complaint 
among athletes. Although the etiology of the 
knee pain is not always clearly delineated, it is 
often associated with patellofemoral anatomic 
abnormalities. Common examples are abnormal 
lateral patella tracking leading to increased joint 
reactive forces resulting in pain, with or without 
chondral wear. Traumatic patella dislocations can 
lead to painful and debilitating lateral laxity 
resulting in recurrent subluxations with a patella 
“jump” when entering the trochlea or even 
chronic instability.    Chronic patella instability is 
not common with a single traumatic patella dislo-
cation, but with certain risk factors, recurrent 
instability can occur: patella alta, trochlea dys-
plasia, rotational malalignment, and extensor 
mechanism valgus (as represented by increased 
 Q  angle or elevated TT–TG distance). In patients 

with “anterior knee pain,” it is very important to 
systematically delineate activity-related pain 
from patella instability as the primary complaint 
in order to appropriately treat the pathology. 
Unfortunately, it is not uncommon for the two to 
be found concurrently. 

 The tibia tubercle osteotomy has the ability to 
change the orientation of the extensor mechanism 
by which it can be a powerful tool to treat multi-
ple complaints within the patellofemoral com-
partment. The power of this osteotomy is related 
to the ease of surgical exposure and the multi-
planar corrections possible. Osteotomy cuts can 
be made to accommodate alignment changes 
within the coronal, axial, and sagittal planes. 
   Consequently, osteotomy has a variety of func-
tions; it can alter the area and amount of joint con-
tact pressures, decrease the patella height to allow 
for earlier patella capture, and decrease the lateral 
displacement force vector. Understanding the 
effects each plan has on the function and forces 
within the patellofemoral joint during activity 
allows the surgeon to treat both pain and instabil-
ity in this population. There are subtle complexi-
ties with this type of surgery that requires an 
understanding of the pathophysiology of the con-
dition and knowledge of the effects of a given sur-
gical treatment on the mechanics and biology of 
patellofemoral function for optimal outcomes. 

 Fortunately, nonoperative treatments are very 
effective and should be exhausted prior to surgi-
cal intervention.    The described measures include 
quadriceps and hip fl exor/external rotator 
strengthening, extensor mechanism stretching, 
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core stability training, McConnell taping, and 
patella bracing. 

 The purpose of this chapter is to defi ne the 
situations in which tibial tubercle transfer is indi-
cated for anterior knee pain and/or patellar insta-
bility. In this chapter, we will attempt to present a 
brief overview of the anatomic and biomechani-
cal factors important to decision-making and 
then present techniques for the treatment of these 
issues with osteotomies about the tibia tubercle.  

    Patient Selection and Osteotomy 
Selection 

 Patients presenting with patellofemoral pain may 
or may not have instability. Anterior knee pain 
can be generated by a variety of factors that may 
not be addressed by adjusting the position of the 
tibia tubercle. Patient selection and workup are 
critical to successful treatment. Quadriceps 
weakness is one of the most common causes of 
anterior knee pain as joint forces are increased in 
the setting of weak and/or stiff extensor mecha-
nism that has a clear function in absorbing energy 
during gait [ 1 ]. In the athletic population, fl exi-
bility imbalance, iliotibial band friction syn-
drome, vastus lateralis tendinitis, lateral 
retinacular strain or contracture, patellar or quad-
riceps insertional tendinitis, and plica or fat pad 
syndrome have all been described and would 
need to be treated conservatively [ 2 ,  3 ]. The 
workup of patients with activity-related anterior 
knee pain and chronic injury to the posterior cru-
ciate ligament must also be ruled out. Posterior 
tibia laxity can lead to    retropatellar pain as the 
extensor mechanism holds the tibia from poste-
rior subluxation and leads to increased patello-
femoral contact pressures resulting in pain [ 4 ,  5 ]. 
It is important to take a rational approach to 
patellofemoral disorders that require an under-
standing that various problems may be related to 
combinations of articular pain, soft tissue pain, 
and pain resulting from lateral instability of the 
joint. Therefore, a careful examination is indis-
pensable for an accurate diagnosis of patellofem-
oral disorders. We feel it is imperative that a 
diagnosis of patellofemoral pain is dependent on 

the physician’s ability to reproduce the patient’s 
complaints by physical examination. The exami-
nation can suggest or determine an underlying 
malalignment pattern, abnormally tight soft tis-
sue structures, generalized ligamentous laxity, or 
patterns of tenderness, which are all critical to 
understanding the pathophysiology of each indi-
vidual and thus the correct application of an oste-
otomy to correct a malalignment or alter the 
patellofemoral joint contact pressures. 

    Understanding the  Q  Angle 
or Lateral Force Vector 

 The quadriceps angle ( Q  angle) is a clinical 
assessment of the angle made by the attachment 
vector of the extensor mechanism and the rela-
tionship of the quadriceps tendon to the tibia 
tubercle (Fig.  7.1 ). The angle is classically mea-
sured in extension from the anterior superior iliac 
spine to the midpoint of the patella that forms the 
angle between patella tendons force vector to the 
tibial tuberosity (Fig.  7.1 ). An increased angle 
leads to an increase in the lateral vector of quad-
riceps force, which may increase tension in the 
medial soft tissue restraints and may lead to an 
increased tendency toward lateral patellar trans-
lation or subluxation, especially in the patient 
with a concomitant dysplasia of the trochlea [ 6 ]. 
Measurements of the  Q  angle have been made 
while the patient is supine and standing. We favor 
the standing measurement because it includes 
physiologic loading. Unfortunately, the  Q  angle 
also has not been proved to correlate with the 
incidence of pain or the results of treatment [ 7 ]. 
Although the importance of understanding the 
lateral extensor moment and its potential effects 
on patellar alignment is undeniable, the role of  Q  
angle measurement is less clear. It should be 
noted that there is signifi cant variability within 
populations and differences between males and 
females. Ranges have been reported to be 14–23° 
within a normal, asymptomatic population [ 3 ,  7 –
 9 ]. There is a dynamic component, and thus, 
examine the patient while standing and ambulat-
ing for evidence of an increased  Q  angle, tor-
sional deformities of the femur or tibia, knee 
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varus/valgus, pronation of the hindfoot, leg 
length discrepancy, ankle deformity, scars, and 
other factors that may affect patellar alignment. 
One clinical test to examine function changes in 
 Q  angle related to poor proximal muscular con-
trol and hip external rotator weakness is to have 
the patient perform a single-leg knee bend while 
you watch from the front. A positive test results 
in the knee rolling inward, increasing valgus and 
suggesting weakness of external rotation at the 
hip, a known and important variable leading to 
torsional changes and anterior knee pain [ 10 ,  11 ].

   A better estimation of the functional malalign-
ment is measuring the distance between the tibia 
tubercle and the trochlea groove (TT–TG dis-
tance) on CT scan or MRI as it directly estimates 
the correctable static distance between the points 
of articulation and attachment of the extensor 
mechanism [ 12 ]. Dejour and associates fi rst 
described this measurement and found, upon 
comparing normal patients with those with patel-
lar instability, that the threshold for normal was 
20 mm [ 13 ]. This measurement is done by mea-
suring the lateral distance of the tibial tuberosity 

from the most posterior point in the femoral 
 sulcus, along a line parallel to the axis of the pos-
terior femoral condyles (Fig.  7.2 ). Certainly there 
is a spectrum of anatomic malalignment in the 
form of increased TT–TG distances. These 
increased distances have been associated and 
found in patients with recurrent patella instability 
[ 3 ,  13 ,  14 ]. A recent report looking at patients 
with instability or anterior knee pain associated 
with “pathologic” TT–TG malalignment deter-
mined to be 15 mm or greater. The authors con-
cluded that both stability and pain were corrected 
with isolated anteromedialization osteotomy pro-
cedures [ 15 ].    Based on expert opinion from the 
Patellofemoral Society Members [16], a TT-TG 
distance of 20 mm or greater is considered 
“severely abnormal” and blue bone needs to be 
addressed surgically a re-adjustment osteotomy 
to correct the increased lateral vector. The amount 
of medialization needed can also be estimated 
from this measurement, and the most often tar-
geted goal for postoperative TT–TG distance is 
less than approximately 10 mm. Measurement of 
the TT–TG is helpful in confi rming that  tuberosity 

  Fig. 7.1    Graphical representation of the measurement of 
the quadriceps angle or  Q  angle in the supine position. 
Important force vectors are drawn on radiographic images 

to delineate the effects of malalignment of patellofemoral 
joint during quadriceps activation and fl exion       
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  Fig. 7.2    Determination of the tibia tubercle to trochlea 
groove (TT–TG) distance on a CT scan axial in which 
cuts at the deepest section of the trochlea groove are mea-
sured to the highest point on the tibia tubercle. 
Representation of three techniques to determine distance; 
( a ) posterior condyle axis is used as reference to ensure no 
rotational effect and perpendicular line is drawn in center 

of groove and tubercle. ( b ) On a free software package 
OsiriX© a reference point can be placed and “fi xed” as 
the axial cuts are scrolled to the groove and distance mea-
sured. ( c ) During CT reformatting, the axial cuts can be 
superimposed to allow for a direct measurement.  Note : 
The TT–TG distance should represent a true lateral dis-
tance and not have a rotational or radius component       
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medialization is appropriate in a  clinical situation 
that otherwise warrants medial or anteromedial 
transfer.

   Standing anteroposterior fi lms are important 
to search for confounding sources of pain such as 
arthrosis or mechanical axis abnormalities, which 
need to be confi rmed by measurements from a 
standing hip to ankle X-ray. The true lateral knee 
image provides the most information as it can 
delineate patella alta and estimate trochlea dys-
plasia; both are important variables in determin-
ing the need and type of tubercle osteotomy to 
perform. A normal ratio of patellar tendon length 
to patellar length of less than 1.2 has been 
described by Insall and Salvati [ 17 ]. However, we 
prefer the Blackburne and Peel [ 18 ] method as it 
accounts for changes in patella osteology and 
imperfect lateral X-rays better. The measurement 
represents the ratio of the articular length of the 
patella to the height of the lower pole of the patel-
lar articular cartilage above the tibial articular 
surface (normal, <1.0). If patella alta is present, a 
distalization osteotomy may be considered to 
allow for “earlier” capture of the patella during 
fl exion that can lead to increased stability if sig-
nifi cant dysplasia is not present. 

 Axial tangential views of the patellofemoral 
joint, such the one described by Merchant et al. 
[ 19 ], may be used as screening tests for malalign-
ment but can be diffi cult to interpret because of 
image overlap (unless the image is precisely tan-
gential to the joint). Other radiographic variables 
that may affect the decision to perform a distal 
osteotomy include the congruence angle of 
Merchant and Mercer and the lateral patellofemo-
ral angle of Laurin and Dussault (both are estima-
tions of lateral subluxation and tilt, respectively). 
The symmetry of subchondral sclerosis of the 
patellar facets should also be evaluated for signs 
of localized sclerosis (indicating unbalanced 
stress) [ 6 ]. Kujala and Kormano [ 20 ] emphasized 
imaging of the patellofemoral joint in early fl ex-
ion. They found greater magnetic resonance 
imaging (MRI) differences in tilt and lateral sub-
luxation on views with less than 30° of fl exion in 
a group of patients with recurrent patellar dislo-
cations than in a normal control group. Computed 
tomography (CT) provides a fast, low- cost way of 

determining amount of dysplasia, fl exion angle at 
which the patella is captured, and helps to defi ne 
malalignment in the form of increased distance 
from the tibia tubercle to the center of the troch-
lea groove (TT–TG distance) which serves as a 
anatomic  Q  angle. The use of CT scans was fi rst 
suggested by Delgado-Martins [ 21 ] in 1979 as he 
described its use in a series of 24 patients looking 
at patella–trochlea contact with increasing knee 
fl exion angles. These studies are not used for 
diagnosis but in patients being considered for sur-
gical correction to understand the anatomy 
needed to be corrected to provide stability. We are 
currently utilizing a CT tracking study protocol in 
which the patients have four sections taken at 
5 mm through the patellofemoral articulation at 0, 
10, 20, 30, 40, and 50° of knee fl exion followed 
by a full scan at 1.25 mm in extension (Fig.  7.3 ). 
This provides information regarding the articula-
tion of the patella during knee fl exion and identi-
fi es the fl exion angle at which the patella is fully 
captured and allows us to quantify the amount of 
trochlea dysplasia present.

       Anterior Knee Pain and Chondral 
Pressures 

 Vague anterior knee pain is common in the ath-
lete and can be associated with overuse that leads 
to soft tissue infl ammation and pain within the 
peripatellar tissue or fat pad.    These typically 
respond to activity modifi cation in addition to 
stretching and strengthening of the fatigued and 
tight muscle groups, quadriceps. However, pain 
can also develop from an imbalance created from 
malalignment within the quadriceps–patella–
tibia tubercle relationship which affects lateral 
facet contact pressures. This lateral malalign-
ment, or elevated  Q  angle, can produce increased 
contact pressures within the lateral facet of the 
patella and degradation of the overloaded carti-
lage [ 22 – 26 ]. Through a concept of “edge” load-
ing and repeated motion, cartilage lesions can 
lead to increase the pressure applied to the sur-
rounding cartilage, which can overload the sub-
chondral bone and activate the nociceptive fi bers 
in the bone, causing pain [ 27 ]. By moving the 
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tibia tubercle 10 mm medial, a reduction of 15 % 
of the contact pressures can be observed at knee 
fl exion angles of 60 and 80° [ 24 ].   

    Approach to Distal Realignment 
Procedures (Fig.  7.4 ) 

       Medialization of the Tibia Tubercle 

 Roux in 1888 was the fi rst to report tibia tubercle 
realignment osteotomy coupled with lateral 
release and medial plication in the treatment of 
recurrent patellar dislocation [ 3 ]. Later this tech-
nique to treat patella instability was adapted and 
described by Hauser in 1938. Medial transfer of 
the tubercle has the effect of decreasing the lat-
eral extensor vector [ 28 ]. This procedure moved 
the tubercle distal and medial with an effective 
posterior displacement of the tubercle that leads 
to an increased incidence (~70 %) of patellofem-
oral arthrosis at 7.3, 16, and 18 years after the 
procedure [ 29 – 31 ]. The Roux–Elmslie–Trillat 
procedure is a pure distal realignment technique 
because it provides isolated medialization with-
out transferring the tibial tubercle anteriorly [ 3 ]. 
The Roux–Elmslie–Trillat procedure involves a 

lateral retinacular release of the knee, medial 
capsular reefi ng, and medial displacement of the 
infrapatellar tendon hinged on a distal periosteal 
attachment. This procedure has been shown to 
demonstrate maintained correction of the exten-
sor angle and has been reported with good results 
to control patella stability [ 32 ] especially if com-
bined with a proximal procedure [ 33 ]. This pro-
cedure has limited use as it can only produce 
pure medial realignment, and there does exist the 
risk of painful hardware and osteotomy non-
union as the osteotomy surface area is limited. 

  Recommendations : Pure medialization proce-
dure is reserved for patients with mild elevation 
in quadriceps angle as minimal correction can 
be obtained. Bone contact is minimal with 
more medialization as the medial cortex curves 
posterior.  

    Distalization of the Tibia Tubercle 

 The role for distalizing the tibia tubercle in isola-
tion is very limited. It can be used to correct ante-
rior knee pain associated with patella alta [ 34 ]. 
In patients without instability and mild grade 2 

  Fig. 7.3    An example of CT tracking images, bilateral 
axial cuts at 0, 10, 20, and 30° of knee fl exion, in a patient 
with right recurrent patella instability and demonstrates 

Dejour C dysplasia (based on lateral X-ray, not included). 
Images show lateral patella tracking with incomplete 
patella capture even at 30° of knee fl exion       

 

C. Edgar et al.



117

chondromalacia at greater than 2 years, there 
were improved Kujala scores compared to base-
line or preoperative values [ 34 ]. However, in 
patients with higher grades of patella chondro-
malacia, their scores did not demonstrate signifi -
cant improvement. 

 Patella alta is rarely an isolated fi nding and it 
is most often a symptom of a regional patello-
femoral dysplasia with four major instability fac-
tors, i.e., trochlear dysplasia, patella alta, 
excessive TT–TG, and patellar tilt all contribut-
ing to the pain and instability. In patients with 
abnormal patella height leading to late trochlear 
capture, stability and pain are improved with a 
combined osteotomy to distalize and medialize 
the tubercle. Caton and Dejour describe having a 
75 % success rate with a combined procedure to 
produce a stable patellofemoral articulation in a 
series of 50 patients with chronic instability with 
young age [ 35 ]. 

  Recommendations : A pure distalization osteot-
omy procedure is rarely indicated. In the clinical 
setting of a patient with chronic patella instability 
and elevated Blackburne–Peel (Fig.  7.5 ) or 
Caton–Deschamps index, then a distalizing 
tubercle osteotomy in addition to medialization 

or anteromedialization should be strongly 
considered.

  Fig. 7.4    A fl ow diagram representing one rational regarding the clinical approach to tibia tubercle osteotomy, compli-
ments of Tony Schepsis, MD       

  Fig. 7.5    Measurement of patella height: example of 
Blackburne and Peel index. Measurement and the upper 
limit of normal: 1.2       
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       Anteriorization of the Tibia Tubercle 

 In 1990, Fulkerson et al. (Fulkerson JP) reported 
a tubercle osteotomy known as anteromedializa-
tion to achieve dual plan realignment and address 
some of the complications associated with the 
Maquet procedure [ 36 ]. Specifi cally this osteot-
omy (AMZ) technique is designed to address 
patellofemoral pain found in conjunction with 
patellar maltracking. The osteotomy is made in 
an oblique fashion that allows for simultaneous 
anteriorization and medialization of the tibial 
tubercle (Fig.  7.6 ). Additionally, it produces a 
large surface area for healing of the osteotomy 
and to accommodate multiple bi-cortical screws 
to be placed in compression to optimize healing 
of the osteotomy. One advantage of this osteot-
omy is the variability that can be produced by 
varying the angle of the osteotomy. Therefore, 
the tubercle can be biased to a more anterior or 
more medial position and be “dialed” to the 
patients needs. Over the last 15 years, the indica-
tions for this procedure have evolved signifi -
cantly. It is now commonly used in conjunction 
with patellofemoral cartilage resurfacing proce-

dures as well as improved objective measures of 
patellar alignment, contact area, and forces. 
Results combining AMZ with PF cartilage restor-
ative procedures such as autologous chondrocyte 
implantation and osteoarticular grafting proce-
dures within the PF compartment have demon-
strated superior results to either procedure 
performed independently [ 37 – 40 ].

       Indications for Anteromedialization 
of the Tibial Tubercle 

 Osteotomies to the tibia tubercle can be per-
formed in isolation or in combination with a 
proximal procedure when patella instability or 
lateral patella instability is the primary patient 
complaint. It can produce excellent clinical 
results in patients with lateral tracking and arthri-
tis wear secondary to increased contact pressures 
in deeper knee fl exion. 

 For the treatment of anterior knee pain associ-
ated with lateral facet chondral wear, an antero-
medialization (AMZ) of the tibial tubercle is a 
powerful surgical technique. It will reduce 

  Fig. 7.6    An intraoperative picture as an example of the 
fi nal osteotomy position and effect of the cut produced by 
an oblique proximal tibia osteotomy. Note the direction of 

tubercle position change is anterior and medial, case 
example of Fulkerson AMZ osteotomy       
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 loading of the lateral and distal PF joint by 
 transferring load medially and proximally on the 
patella [ 3 ,  24 ,  25 ]. Therefore, the procedure is 
most appropriate and benefi cial for those patients 
with symptomatic lateral tracking of the patella, 
usually because the patella alignment vector is 
abnormally lateral; this leads to excessive load-
ing of the distal patella cartilage. In patients with 
malalignment, the lateral facet strikes the lateral 
trochlea as the patella engages the trochlea and 
receives accentuated contact pressures until it 
becomes fully centered within the trochlea deeper 
knee fl exion. These patients may or may not have 
instability, but pain is the primary complaint. 

 In some patients, this abnormal tracking pat-
tern may be diffi cult to identify without comput-
erized tomography with mid patella transverse 
images at 0, 15, 30, and 45° knee fl exion to prove 
that the patella is entering the central trochlea late 
in knee fl exion, thereby resulting in prolonged 
and excessive lateral and distal articular loading 
of the patella. An osteotomy that can anteriorize 
the tubercle reduces load on the distal and lateral 
facet joint that has become painful as a result of 
the chronic, abnormal overload [ 3 ,  24 ,  25 ]. 

 Because of the reduced contact pressures pro-
duced with this technique, AMZ has proven use-
ful in conjunction with articular cartilage 
resurfacing procedures [ 37 – 41 ]. The obliquity of 
the AMZ osteotomy should be designed to opti-
mally unload the resurfaced area. A short, steep 
AMZ can provide substantial and even complete 
relief of pain in the patient with distal patella 
articular softening related to late entry of the 
patella into the trochlea. 

 Another advantage of the AMZ osteotomy is 
correction of extensor malalignment and 
 secondary rotational abnormalities that can lead 
to increased lateral force during active knee fl ex-
ion.    In the patient with attenuated medial 
restraints and with a shorted, dysplastic trochlea, 
it can help to obtain stability and protect the 
proximal reconstruction. Typically it is indicated 
in the treatment of patella instability in patients in 
whom the TT–TG relationship is grossly abnor-
mal (>20 mm), the  Q  angle is abnormally high 
(>20), and the distal/lateral patella will benefi t 

from reduced load. In patients with patella alta, 
the patella may be moved distally by removing a 
predetermined amount of bone distally from the 
osteotomy fragment. 

 In patients with patella baja and infrapatellar 
contracture, a steep AMZ may be used to distract 
the released contracture and also slide the exten-
sor mechanism proximally as needed before 
screw fi xation of the transferred tubercle.   

    Case Examples 

    Case 1: Isolated Lateral 
Patellofemoral Arthrosis 

 This is a case very common of a 38-year-old 
woman who has mild malalignment and history 
of obesity, now 1 year out from a gastric bypass 
procedure with 145 lb weight loss and progres-
sive anterior knee pain. She has attempted physi-
cal therapy for extensor mechanism stretching 
and strengthening with some success. She wishes 
to be more active but retropatellar knee pain with 
stairs and prolonged sitting is becoming very lim-
iting to her. Her current weight is 190 lb. 
Radiographs demonstrate lateral tracking and 
arthrosis with large osteophyte (Fig.  7.7a, b ) and 
MRI demonstrates bone edema from increased 
pressure and bone–bone articulation (Fig.  7.7c ). 
Arthroscopy confi rms the lateral compartment 
bone loss (Fig.  7.7d ) and minimal cartilage loss 
in medial trochlea wall and in the medial/lateral 
knee compartments. Patient was treated with 
open osteophyte removal, lateral release and 
AMZ (native TT–TG was 10), and subchondral 
drilling of patella and lateral trochlea. 
Postoperative radiographs demonstrate AMZ 
(Fig.  7.8 ). Patient is allowed to immediately start 
motion postoperative and electrical stimulation is 
done for quadriceps activation.    At 3 months she 
is almost pain free but with much improved func-
tion. This is an example of an intermediate proce-
dure for arthrosis in a younger patient or in a 
patient with higher activity demands for which 
arthroplasty is not an option, either isolated patel-
lofemoral or total knee arthroplasty.
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        Case 2: Recurrent Patella Instability 

 This is a case example of a 22-year-old college 
senior with multiple patella dislocations after her 
fi rst dislocation at age 14. Her fi rst dislocation 
occurred while running and turning while play-
ing soccer. She currently signifi cantly limits her 
activities secondary to patella instability and 
intermittent pain with effusions following sub-
luxation events which occur one to two times per 
week. She does have decreased symptoms with 
lateral stabilization brace and mild obesity and 
has attempted physical therapy on several occa-
sions with a focus on hip external rotators and 
gait training. Her exam demonstrates clear 
apprehension with lateral directed patella force 

in extension, 3+ quadrant glide before she 
removes your hand, J tracking, pain with patella 
load, and measured  Q  angle of 19–20 with 20° of 
fl exion. Knee series and CT tracking studies 
demonstrate patella alta (ratio 1.8) and type C 
trochlea dysplasia (Fig.  7.9 ), and her TT–TG dis-
tance is measured to be 24 (Fig.  7.10 ).    This case 
demonstrates the situation where a proximal 
MPFL procedure was done in addition to com-
bining a distalization of 8 mm to the AMZ tibia 
tubercle osteotomy secondary to her dysplasia 
and alta (Fig.  7.11 ). Postoperative course was 
excellent with no reported instability at 6 M; 
repeat radiographs demonstrate correction of 
patella alta with distalization/AMZ osteotomy 
(Fig.  7.12 ).

  Fig. 7.7    Clinical case example 1: ( a ) lateral radiograph 
demonstrating isolated patellofemoral arthritis. ( b ) 
Merchant view demonstrating a lateral tracking patella 
with osteophyte and subchondral sclerosis but normal 
patella tilt angle of Laurin or congruence angle of 

Merchant. ( c ) MRI of the same patient noting the lateral 
facet bone edema with cystic changes present secondary to 
increased contact pressures and arthritis. ( d ) Intraoperative 
arthroscopic image of isolated lateral patellofemoral com-
partment grade IV cartilage loss and arthritis       
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  Fig. 7.8    Clinical case example 1: postoperative AP and lateral radiograph of knee following AMZ (Fulkerson) oste-
otomy for isolated lateral patellofemoral compartment arthritis       

  Fig. 7.9    Clinical case example 2: lateral radiograph dem-
onstrating mild type C trochlea dysplasia with patella alta 
and axia bilateral CT cuts in full extension demonstrating 

lateral patella tracking. Dysplasia is moderate and present 
on both lateral X-ray and CT axial cuts       

 

 

7 Tibial Tubercle Osteotomies



122

  Fig. 7.10    Clinical case example 2: example of CT scan 
axial cut overlays measurements of TT–TG distance with 
OsiriX program, measuring 24 mm on this patient and 

corresponding to a grossly abnormal level requiring cor-
rection with tubercle medialization osteotomy       
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           Author’s Preferred Techniques 

    Technique of AMZ 

 Preoperative planning provides the critical infor-
mation needed to design an AMZ osteotomy. 
Since the operation involves moving the tibial 
tubercle medially as well as anteriorly, the preop-
erative indication is lateral patella tracking with 
excessive pressure on the lateral patella and troch-
lea facets. Distal patella articular damage will 
also benefi t from unloading following and anteri-
orization osteotomy. Suffi ce it to say that the 
AMZ procedure should provide improved track-
ing of the patella (putting it into a balanced, cen-
tered, mechanically desirable relationship with 
the trochlea throughout fl exion and extension of 

  Fig. 7.11    Clinical case example 2: secondary to the 
patella alta in this patient with increased TT–TG distance 
and exposure and moderate trochlea dysplasia, the tuber-
cle osteotomy incorporated a 10 mm resection of cortical 
bone and fl at cut distalization osteotomy as seen here in 
this intraoperative picture       

  Fig. 7.12    Clinical case example 2: preoperative to post-
operative comparison lateral radiograph demonstrating 
the patella alta correction and new measurement by 
Blackburne–Peel index.  Note : The goal is not a complete 

or over correction, but simply to provide enough correc-
tion to affect “earlier” entrance of the patella into the 
trochlea       
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the knee) while optimizing articular contact in the 
patellofemoral joint by shifting the patella off of 
damaged and/or painful articular surfaces and 
onto better cartilage more medially and proxi-
mally on the patella. 

 Anteromedial tibial tubercle transfer starts 
with an arthroscopy using low anteromedial and 
lateral portals to fully examine the knee. 
Patellofemoral tracking and alignment, with and 
without fl uid in the knee, dysplasia, displaceabil-
ity of the patella, and documentation of location 
and extent of articular damage should be assessed. 
The surgeon may then determine how much ante-
riorization and medialization are appropriate 
when designing the osteotomy. A more oblique 
osteotomy will achieve anteriorization, thereby 
unloading or reduce the contact pressures within 
the distal articular cartilage; a more fl at osteot-
omy will produce a more medial translation of 
the patella tendon resulting in a medial shift 
within the patella–trochlea articular contact. 
During the history, chief complaint, clinical 
examination, and lastly with imaging, the bal-
ance of medial and anterior transfer is considered 
and decided preoperatively, which is imple-
mented by designing the osteotomy obliqueness 
according to each patient’s need. Of note, the 
concomitant problem of excessive patella alta 
can be addressed by planning some amount oste-
otomy bone removal that produced a distal dis-
placement of the tubercle to allow for patella alta 
normalization. 

 Limited lateral release at the time of arthros-
copy is helpful in many cases, particularly releas-
ing any infrapatellar scar or abnormal tether that 
will restrict the desired patella displacement. 
Because the osteotomy will create some anterior-
ization, the release is distracted and therefore 
scarring down is very uncommon. 

 The skin incision placement is important and 
is positioned just lateral to the tubercle, so when 
the osteotomy is medialized, it is away from the 
incision site (Fig.  7.13 ). It extends usually for a 
length of 5–6 cm depending on how long the sur-
geon wises to make the osteotomy and should be 
made judiciously during the fi rst 10–20 proce-
dures, and a shorted skin incision places the 
patient at risk for damage to the skin during oste-

otomy creation that can impact healing or 
 cosmetics of the wound (Fig.  7.13 ).

   The distal patella tendon is exposed such that 
a hemostat may be placed behind the tendon 
(Fig.  7.14 ). The anterior compartment is then 
incised along its anterior edge and refl ected off of 
the lateral tibia with a large periosteal elevator. 
This careful elevation should expose the junction 
of the lateral and posterior tibia, and then a large 
retractor exposes the entire lateral tibia over the 
extent of the planned osteotomy before starting 
the osteotomy itself. Thereby, the surgeon will 
have a complete exposure of the saw blade as it 
comes through the lateral tibia and avoid any pos-
sibility of neurovascular injury (the anterior tibial 
artery and the deep peroneal nerve run just behind 
the posterolateral tibia at the osteotomy level).

   The obliquity of the osteotomy may be deter-
mined in several ways and guides are available 
for this purpose. My preferred technique however 
requires a free hand cut after studying the proxi-
mal tibia geometry using an oscillating saw.    First 
the line along the anteromedial tibia where the 
osteotomy will be medial is defi ned and marked 
with the electrocautery. Important: the osteotomy 
line must be drawn such that the osteotomy is 
tapered to the anterior tibial cortex at the osteoto-
my’s distal extent (Fig.  7.15 ). For osteotomies 
intended to provide mainly medial translation 
with a fl at cut, less obliquity, the osteotomy starts 
more posteriorly, often a centimeter medial to the 
medial patella tendon insertion. For a steeper 

  Fig. 7.13    Clinical example of the placement of the skin 
incision for Fulkerson osteotomy       
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  Fig. 7.14    Intraoperative pictures of the isolation of the patella tendon insertion and protection with retractor behind 
tendon. Also note the length of skin incision and exposure medial and lateral       

  Fig. 7.15    Intraoperative pictures of freehand creation of 
the osteotomy ( a ,  b ) with the saw blade cutting from 
medial to lateral in a sloped position.    The more shallow 
the slope ( a ) and the more medial and less anterior the 
osteotomy created, the steeper the cut an increase in ante-

rior tubercle placement is made ( c ). A few systems 
designed to help “guide” the cut angle with more precise 
measurement are available; the system demonstrated is 
the AMZ Tracker System   ©       
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osteotomy, the bone cut will start very close to 
the medial patella tendon insertion (Fig.  7.15b ).

   The osteotomy cut is created slowly such that 
the surgeon visualizes the desired obliquity, 
watching the saw blade from above and below 
and assuring that the saw will exit the lateral tibia 
at the desired level of the lateral tibial cortex 
(Fig.  7.15a, b ). The saw should always exit the 
lateral tibia fi rst at the most distal aspect of the 
osteotomy which is the most anterior and there-
fore safest part of the bone cut. The remainder of 
the cut then is watched by direct vision as the saw 
cuts more proximally and therefore exits the lat-
eral tibia more posteriorly at its most proximal 
extent. The saw blade exit must be watched at all 
times. 

 At this point, I prefer to use a large Lambotte 
osteotome to connect the lateral, proximal extent 
of the osteotomy, at its posterior extent, to a point 
just proximal to the lateral patella tendon inser-
tion (Fig.  7.16 ).

   The fi nal cut is made with a ½ in. osteotome 
by retracting the patella tendon anteriorly and 
then cutting straight across to meet the medial 
proximal extent of the osteotomy. 

 Once these cuts have been completed, it is 
typically easy to complete the osteotomy by plac-
ing a large osteotome into the osteotomy. The 
osteotomy fragment is elevated anteriorly, 

thereby creating a small greenstick fracture at its 
distal extent so that the released osteotomy frag-
ment may be rotated anteromedially using the 
distal end as the pivot point (Fig.  7.17 ). At this 
point, it is imperative to assess the patella by fi x-
ing the osteotomy transiently with a drill bit or 
two K-wires and taking the knee through a fl ex-
ion arc. I like to use the arthroscope for this pur-
pose to visualize under direct the improvement 
and more medial tracking that should be noticed 
in fl exion ranges from 20 to 60°. The patella 
should never be placed into a medial tracking 
confi guration by which the lateral trochlea wall is 
not contacted. The potential for over correction 
medial is real, especially if a medial chondral 
lesion is present and the procedure is being done 
for instability.

   The osteotomy is then secured in the desired 
position with two fully threaded cortical screws, 
using lag technique (Fig.  7.18 ). Typically use 
4.5 mm self-tapping screws, overdrilled to pro-
vide compression (lag mode) within the near cor-
tex or entry hole to 4.5, and then drill the posterior 
cortex to 3.2 mm. To prevent fracture, the screws 
should be placed a minimum of one distal to the 
patella tendon insertion and a minimum of 2 cm 
apart from each other. If the size of the osteotomy 
will not accommodate this spacing, a larger screw 
can be used, but we would favor using smaller 

  Fig. 7.16    Intraoperative image of the use of the osteotome to complete the osteotomy connecting the plateau cut to the 
cortex cut on either side of the patella tendon. Use of osteotomy to complete lateral (a) and medial (b) cuts at the saw 
is under to create major osteotomy cut is anterior tibial       
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screw and two points of fi xation to prevent 
 rotation around a central fi xation point. Assuming 
the fragment has been moved accurately along 
the osteotomy plane, the fi xation of this displaced 
fragment is very secure. Nonunion is very rare 
when this is done properly.

   After release of the tourniquet, one should 
control any soft tissue bleeding and do a fi nal 
evaluation of the patella tracking arthroscopi-
cally. This is a critical step as it is extremely 
important to avoid any medial tracking as this 
will lead to problems. 

    Following AMZ, the retinacular tissues both 
medially and laterally must be evaluated, and 

reconstruction, restoration, or release is 
 performed as needed. In patients with trochlea 
dysplasia increases, the need for balanced reti-
nacular restoration is important as the risk of 
recurrent instability is greater. In all cases, it is 
imperative to avoid excessive lateral release and 
to restore lateral as well as medial retinacular 
restraints to prevent medial as well as lateral 
instability. Examination on the OR table after 
AMZ is the ideal time to determine if the patella 
may be excessively displaceable as a result of 
defi cient retinacular restraints. In some cases, all 
that is needed are a few imbrications sutures to 
restore normal balance.  

  Fig. 7.17    ( a, b ) Intraoperative image of a completed osteotomy and the amount typically translated in the medial direc-
tion (1 cm) ( b ) and showing the plane of osteotomy ( a ) cut on the lateral cortex          

  Fig. 7.18    Intraoperative image of various fi xations for 
osteotomy after translation. ( a ) Smaller osteotomy with 
single bi-cortical 4.5 cortical screw in lag mode with 
countersink. ( b ) Two 3.5 bi-cortical screws with washer—
typically used for an older patient with concerns of softer 

bone and need for increased surface area contact on the 
near cortex. ( c ) Typical fi xation of two 3.5 bi-cortical 
placed with overdrilling of the near cortex to get compres-
sion of osteotomy and countersink of the near cortex to 
decrease the screwhead prominence       
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    Postoperative Management 

 Postoperatively, all patients should start a single 
arc of knee fl exion daily within a few days of sur-
gery. Most patients can achieve a 90 bend within 
2–3 weeks. They should use a knee immobilizer 
for 5 weeks and crutches for 6–8 weeks in most 
case. Physical therapy for further motion, 
strength, and progressive weight bearing starts at 
5–6 weeks postoperative. Many patients are off 
crutches by the eighth postoperative week.      
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           Introduction 

 Isolated PF arthritis is more common than often 
assumed. Several authors have evaluated patients 
presenting for arthroplasty and have found that up 
to 20 % had isolated PF arthritis [ 1 ]. Obviously, 
nonoperative treatment is the fi rst approach, but 
over time this will fail. For the younger patients, 
cartilage restoration is a viable option. In certain 
situations, however, the extent of the chondrosis or 
arthrosis may exceed the capabilities of cell ther-

apy, marrow stimulation, and autograft osteochon-
dral plugs. Treatment options for these patients are 
patellectomy, tuberosity osteotomy, bipolar osteo-
chondral allograft transplantation, TKA, and PFA. 

 Patellectomy was once a popular option not 
only for PF arthritis but persistent PF pain as well. 
It is now recognized that the loss of the mechanical 
advantage that the patella affords the knee results 
in permanent weakness often at a clinically signifi -
cant level. For the active patient, this is problem-
atic. In addition, the increased muscle forces 
required for any activity involving the knee often 
result in medial compartment wear. As these 
patients often have both patella  and  trochlear wear, 
the pain from the trochlea is obviously not 
addressed. As a result, patellectomy is now rele-
gated to the treatment of highly comminuted patel-
lar fractures and not pain, chondrosis, or arthrosis. 

 Tibial tuberosity osteotomy for the treatment 
of knee pain and arthrosis was fi rst popularized 
by Maquet [ 2 ]. With his procedure of straight 
anteriorization, the patella is rotated proximally 
in the sagittal plan: distal lesions are unloaded 
and the contact areas during range of motion are 
altered. In addition, the PF resultant forces are 
decreased by changing the force vectors. The 
decrease in forces, as noted by modern means 
(Tekscan ®  Boston, MA) direct force/pressure 
transducers and Fujifi lm Prescale ®  (Tokyo, Japan) 
pressure-sensitive paper directly or fi nite element 
analysis (FEA) mathematically, is closer to a 
20–25 % reduction as opposed to the 50 % reduc-
tion suggested by Maquet using two- dimensional 
vector analysis [ 3 – 5 ]. Fulkerson modifi ed the 
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straight anteriorization to add a component of 
medialization (thus anteromedialization or AMZ) 
[ 6 ]. This has been shown to be effective for distal 
lateral patellar chondrosis/arthrosis, yet it is much 
less effective for other areas of the patella espe-
cially if the trochlea is involved [ 7 ]. 

 For extensive bipolar PF arthrosis, there is one 
biological option: bipolar osteochondral allograft. 
Procurement of pristine bipolar donor grafts is 
extremely diffi cult because of very limited avail-
ability. While transplantation is rather straight-
forward and initial transplant to host bone healing 
occurs, the current “stored fresh” grafts have only 
50 % survival at 5 years per Bugbee and cowork-
ers [ 8 ] compared to the 11 of 13 survivorship up 
to 10 years reported by Teitge using truly fresh 
grafts (no longer available) [ 9 ]. As a result, this 
technique is typically reserved for young patients 
in an attempt to avoid joint replacement surgery 
and the inherent eventual revisions. 

 Total knee arthroplasty remains a treatment 
option for isolated patellofemoral degenerative 
joint disease. This has been vigorously argued in 
the literature between total knee proponent Dr. 
Michael Mont and patellofemoral arthroplasty 
proponent Dr. Alan Merchant [ 10 ,  11 ]. The basis 
for the total knee arthroplasty argument was 
superior long-term results and reliability of total 
knee arthroplasty versus the historical results 
after patellofemoral arthroplasty. However, the 
large majority of patellofemoral arthroplasty 
series since 1995 have demonstrated that a prop-
erly implanted modern generation patellofemoral 
arthroplasty can be reliable and durable [ 12 ]. 
Even the older generation implants typically did 
not loosen, but had problems with stability or 
pain. With these issues largely resolved, the 
major factor in reliability is surgical technique 
which depends upon a thorough understanding of 
patellofemoral biomechanics.  

    Patellofemoral Biomechanics 

 Current patellofemoral arthroplasties are resur-
facing arthroplasties and thus have the potential 
to maintain normal kinematics. With normal 
kinematics reestablished, the knee can “feel” 

natural to the patient, which is very important for 
a return to athletics. To achieve this outcome, the 
forces acting on the patella need to be normal-
ized at the time of implant placement. For the 
trochlea, it is necessary to appreciate that the 
trochlear implant is not one-third of a total knee 
arthroplasty, but rather shaped in a somewhat 
“normal”-appearing trochlear groove appear-
ance. As the normal trochlear groove has higher 
lateral facets than medial facets, placing the 
trochlea implant anatomically yields the appear-
ance (to a total knee arthroplasty surgeon) that 
the implant is in internal rotation relative to the 
posterior condylar axis or trans-epicondylar axis. 
Once again, the goal is to establish a trochlear 
implant similar in position to a normal trochlea, 
not to reference to the tibiofemoral compartment. 
(For a TKA the reason for cutting the trochlea in 
mild external rotation is to balance the fl exion-
extension gaps noting the inherent coronal plane 
joint tibiofemoral    alignment, which dictates this 
external rotation cut.) 

 With normal lateral to central tracking of the 
patella during fl exion, the soft tissues must dupli-
cate this after PFA. It is very common for the iso-
lated patellofemoral arthritis patient to have 
excessive contracture in the lateral tissues, loss 
of lateral bone (when resized to “normal thick-
ness,” these lateral tissues will be tensioned), 
and/or lateral subluxation. To balance these lat-
eral tissues during PFA, there will be a much 
higher incidence of lateral release or lateral 
lengthening associated with patellofemoral 
arthroplasties than total knee arthroplasty. This 
balancing of the lateral soft tissue is the most 
common surgery performed concomitant with 
patellofemoral arthroplasty. If these lateral soft 
tissues are neglected, the postoperative result 
may be lateral soft tissue pain or a markedly 
tilted patella that could lead to uneven stress in 
the implant. 

 A subset of patients (especially the dysplas-
tic subset) will have a remote history of recur-
rent dislocations. They may no longer have 
dislocations because of the high friction associ-
ated with degenerative change. However, when 
the compartment is resurfaced with low-friction 
materials, the inadequacy of the medial patello-
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femoral ligament (MPFL) may be quite evident 
 postoperatively. Therefore, it is important to 
obtain a thorough history regarding recurrent 
dislocations in the past and then intraopera-
tively testing the adequacy of the remaining 
MPFL  tissues. At times it may be possible to 
shorten the MPFL during the medial arthrotomy 
repair, but in patients where the tear never fully 
healed (especially near the femoral attachment), 
shortening the MPFL will not reestablish the 
checkrein restraint. In these cases, formal 
MPFL reconstruction will be necessary. 
Obviously, in most cases there will be a poly-
ethylene button and thus thinner patellar bone 
stock. As a result, soft tissue or anchoring in 
trough techniques would be preferable to bone 
tunnel techniques [ 13 ]. The same principles of 
MPFL reconstruction for non- arthroplasty 
patients must be followed. That is, the femoral 
attachment site is critical for an anatomometric 
graft. With proper placement the distance 
between the attachment sites is longest at 
20–30° of fl exion and becomes closer with fl ex-
ion. This allows a checkrein at lower fl exion 
angles (such as with sporting activities), and the 
MPFL becomes lax in fl exion as stability is 
maintained by the intercondylar notch. 

 The position of the tibial tuberosity affects 
the quadriceps vector and the timing of entrance 
into the trochlear groove (e.g., patellar alta 
delays entrance during early fl exion). If it is too 
lateral (20 mm or greater), there will be a high 
probability of lateral patella tracking, which may 
result in either a subluxed appearance or in some 
cases abnormal tracking with abrupt patellar 
movement changes [ 14 ]. Both of these occur-
rences may contribute to patient dissatisfaction 
as well as to polyethylene wear. In these cases 
straight medialization of the tuberosity would be 
performed after the implants were in position 
with a goal of normalizing the tuberosity dis-
tance in the range of 10–13 mm [ 14 ,  15 ]. Distal 
osteoclasis and fi xation with inter-fragmentary 
screws will allow range of motion, weight bear-
ing, and exercise to be unaltered from a standard 
PFA postoperative protocol. With newer implants 

having proximal extension of the trochlear com-
ponent (relative to the native trochlea), even with 
mild patellar alta, the patella will be engaged in 
the trochlea at full extension of the knee. In cases 
of extreme alta, if the patella does not engage at 
full extension, then a tibial tuberosity distaliza-
tion will be necessary. 

 The PFA patella is typically resurfaced in a 
similar manner to total knee arthroplasty and 
most implants are either full resurfacing (dome or 
oval dome) or an inset (dome). These implants 
allow maintenance of a high level of the contact 
area even with subtle malpositioning of the 
patella compared to the trochlea. As PFA is being 
used not infrequently in the younger patient 
(40s), it is important to consider that at some 
point revision may be necessary. With properly 
positioned patellar buttons, the patellar compo-
nent may be maintained, if there is no wear or 
evidence of loosening. In the cases where the but-
ton will need to be revised, it is important to have 
adequate remaining bone stock. Therefore, 
thicker patellar bone preservation is preferred 
(compared to TKA). Scott demonstrated that the 
concept of “overstuffi ng” the patellofemoral 
compartment does not occur with maintenance of 
moderately more patellar bone [ 16 ].  

    Authors’ Experiences with Specifi c 
Implants 

 As PFA reports are typically level of evidence 4, 
we will present the outcomes at fi ve centers that 
perform a relatively high volume of PFAs. There 
are many different implants available to surgeons. 
To give an overview of the broad categories, the 
following implants will be highlighted:
    1.    Focal “inlay” patellofemoral resurfacing   
   2.    Regional “inlay” patellofemoral resurfacing   
   3.    Custom patient-specifi c patellofemoral 

resurfacing   
   4.    Second-generation symmetrical “onlay” 

patellofemoral resurfacing   
   5.    Third-generation asymmetrical “onlay or 

inlay” patellofemoral resurfacing     
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    Focal “Inlay” Patellofemoral 
Resurfacing (PF HemiCAP) 

    Personal Experience of Willem 
van der Merwe, M.D. 
 PF HemiCAP (Arthrosurface, Franklin, MA) is 
indicated in patients with localized patellofemo-
ral osteochondral damage that have failed bone 
marrow stimulation techniques, mosaicplasty, or 
other focal cartilage restoration/repair. The 
advantage of the procedure is that the recovery 
time is short and the joint can be loaded from day 
1. The disadvantage is obviously that the knee 
now has metal (and, at times, plastic) with the 
associated problems of wear potential and revi-
sion surgery. 

 The procedure really restores the contour of 
the joint.    The rationale for the implant is that by 
creating a smooth and congruent surface, there 
will be minimal friction and improved contact 
area and thus a reduction in pain. The surgery is 
performed open to get adequate access to allow 
bone and cartilage preparation with precise 
instruments, which were designed to afford fl ush 
and congruent fi t. 

 The keys for success of the procedure are fol-
lowing the correct indications and meticulous 
attention to following the precise surgical implan-
tation. The positive aspects of the implant I have 
observed are the predictable results, a rapid post-
operative rehabilitation, and there is no limit to 
the activity level that these patients can resume. 
This is not typically a fi rst-line surgery, but in 
certain cases I will consider it in patients that are 
unable to adhere to the long rehabilitation with 
the bone marrow stimulation techniques.  

    Technique 
 Figures  8.1 ,  8.2 ,  8.3 ,  8.4 , and  8.5  illustrate the 
HemiCAP implant.

           Activity Levels 
 Provided that the indications were correct, I place 
no restriction on the activity level of patients 
receiving only the metal trochlear implant. 
Seventeen patients have been implanted: 11 with 
trochlea on and 6 with trochlear and focal poly-
ethylene patellar implant. The only problem that 

  Fig. 8.1    Trochlear implant       

  Fig. 8.2    Focal trochlear osteochondral lesion       

  Fig. 8.3    Open appearance of osteochondral lesion       
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I found was when we did focal patella resurfac-
ing with polyethylene. Some of those patients 
had effusions and discomfort. Thus, my use has 
been primarily to treat focal trochlear lesions 
with the metal HemiCAP. Trochlea-only patients 
have gone back to marathon running, cutting, and 
rotational sports with no deterioration of the knee 
or function in 5 years. 

 We have had two failures:
    1.    Patient had ongoing effusion and pain was 

diagnosed with RA and had to be converted to 
TKR.   

   2.    Patient developed medial compartment OA 
not appreciated during initial evaluation and 
had to be converted to TKR.        

    Regional Inlay Patellofemoral 
Resurfacing (The Wave) 

    Personal Experiences of Matthias 
Cotic, M.Sc., and Andreas 
Imhoff, M.D. 

    Indication 
 The HemiCAP Wave (Arthrosurface, Franklin, 
MA) prosthesis is indicated in patients with 
symptomatic high-grade OA of the patellofemo-
ral compartment (PFA grades III and IV accord-
ing to the Kellgren classifi cation), osteochondral 
lesions (ICRS grades III and IV) and failed con-
servative treatment (anti-infl ammatory drugs/
injections, stretching of the quadriceps muscle, 
and functional training of leg axis), or other 
failed focal cartilage restoration/repair. 
Compared to other implants, the advantage of 
this implant is its inlay design which fi ts opti-
mally into the trochlea groove of the femur. By 
leaving the congruent surface of the trochlea, 
there will be less overstuffi ng compared to onlay 
implants, and thus there will be an anatomical 
surface with minimal friction in the patellofemo-
ral joint involving reduced subchondral pressure. 
The disadvantage is that this prosthesis does not 
fi t optimally in every kind of trochlea. For exam-
ple, for patients having a convex or even 
“bumped” trochlea (type D), we do not recom-
mend to implant the HemiCAP Wave isolated 
and would implant another implant with an onlay 
design, which creates a deepened trochlea 
groove. The key for success of the procedure is to 
accurately differentiate between the indications 
for a combined or isolated procedure. Indications 
for an isolated procedure are severe PFA due to 
trauma or ongoing hyperpressure due to over-
load. The decision for a combined procedure is 
based on our clinical algorithm for treatment of 
secondary overload and degeneration due to 
symptomatic patellofemoral instability (PFI). 

  Fig. 8.4    Trail demonstrates fl ush fi t       

  Fig. 8.5    Radiograph of implanted HemiCAP noting 
metal is fl ush with the trochlear cartilage, not bone, and 
thus the “proud” appearance       
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If the patient’s history and clinical examination 
(positive apprehension sign in 0–30° of fl exion) 
are consistent with instability in early degrees of 
fl exion, PFI is addressed with a concomitant 
double-bundle MPFL reconstruction. If radio-
graphic (X-ray, CT scan) imaging shows valgus 
malalignment and/or increased femoral internal 
torsion, we perform supracondylarosteotomy to 
either straighten the leg axis or perform a detor-
sion of the femur. In cases of valgus malalign-
ment, we perform high tibial osteotomy with the 
aim to set the mechanical axis through 50 % of 
the proximal tibia plateau width. In patients with 
a TT-TG > 20 mm, we do tibial tubercle osteot-
omy and a medialization, whereas in patients 
with a TT-TG < 8 mm and medial pain, we do 
tibial tubercle osteotomy and a lateralization 
with the aim to reach a normal TT-TG between 
10 and 12 mm (range 8–20 mm). Due to the spe-
cifi c inlay design of the implant, we can address 
mild to moderate trochlea dysplasia.    In cases of a 
type A or B trochlea, we perform an isolated pro-
cedure, whereas in patients with a type C troch-
lea, we do an additional MPFL reconstruction. 
We do not recommend implantation of the 
HemiCAP Wave as described above to patients 
having a type D trochlea.  

    Technique 
    In the symptomatic (high-grade OA) patellofem-
oral compartment of a 36-year-old female patient 
(Fig.  8.6 ), the Wave was implanted via an open 
procedure. The superoinferior curvature and the 
depth of the preexisting trochlear groove were 
determined via template (Fig.  8.7 ).

    Then the manufacturer’s guiding instruments 
(Fig.  8.8 ) were used to develop a working axis 
normal to the central trochlear articular surface 
and to cut the cartilage out of the defect of the 
trochlea (Fig.  8.9 ).

    After satisfying patellar alignment without 
femoral overstuffi ng, which was tested with the 
trial implant (Fig.  8.10 ), the fi nal implant was 
inserted and fi xed via pilot drill/central screw 
(Fig.  8.11 ). Figure  8.12  shows a patient’s implant 
after 2 years.

        Demographics of Operated Patients 
 From October 2009 to July 2010, we implanted 28 
HemiCAP Wave prosthesis (Arthrosurface, 
Franklin, MA) in 27 patients, 18 knees with an iso-
lated and 10 knees with a combined procedure. It 
was about 14 women and 13 men with a mean age 
of 41.0 ± 12.4 years at surgery. Seventeen patients 
with the isolated procedure had a history of 
 previous patellofemoral surgeries (6× retropatellar 
debridement/shaving, 1× microfracture, 1× 
OATS), and previous patellar fractures were found 
in one patient. In four of these isolated cases, patel-
lar resurfacing was performed concomitantly. 

 Of those undergoing the combined procedures, 
four had reconstructions of the MPFL, one MPFL 
in combination with a tibial tubercle osteotomy, 
two high tibial osteotomies (HTO), one distal 
femoral osteotomy (DFO), one tibial tubercle 
osteotomy, and one MPFL in combination with a 
DFO and a tibial tubercle osteotomy. Previous 
patellofemoral surgeries in these patients included 
4× retropatellar debridement/shaving, 1× micro-
fracture, and one patient had a history of previous 
patellar fracture. In none of these combined cases 
was patellar resurfacing performed.  

  Fig. 8.6    Preop MRI demonstrating OA in the patello-
femoral compartment       
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  Fig. 8.7    A template is 
used to measure the depth 
and curvature of the 
trochlear groove       

  Fig. 8.8    Creating the 
working axis normal to the 
trochlear articular surface       

  Fig. 8.9    A template to cut 
the damaged articular 
cartilage from the trochlea       
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   Pain, Functional, Osteoarthritic, 
and Activity Levels 
 For the clinical program Visual Analog Scale for 
knee pain (0 = no pain, 10 = extreme amount of 
pain), Lysholm, Tegner, and WOMAC scores 
were recorded preoperatively and at 24 months 
postoperatively (Table  8.1 , Figs.  8.13 ,  8.14 ,  8.15 , 
and  8.16 ) [ 17 – 19 ]. Two patients did not complete 
the questionnaire and one patient was converted 
to TKA 1 year after surgery (see revision surger-
ies below). Therefore, 24 patients (25 knees) 
were included for statistical analysis. The 
Wilcoxon signed-rank test for two related sam-
ples revealed that all patients showed signifi cant 
improvement (*,  p  < 0.05) 2 years after surgery 
based on the following medians:

          Sport Participation 
 To avoid deteriorations of the knee or function, 
we generally recommend our patients after 
HemiCAP Wave implantation to do low- to 
moderate- impact sport activities. Mean time of 
sport participation per week was 2.1 h (SD ± 1.9) 
before surgery and 2.9 h (SD ± 2.7) 24 months 
postoperatively. The number of sport participa-
tions increased from 20 (preoperative) to 33 
(postoperative status) (Fig.  8.17 ).

   Whether patients received patellar resurfacing 
or not, we did not place any different limitations 
on their activity levels. However, we observed in 
the isolated cases that patients who received patel-
lar resurfacing do have a tendency of higher activity 

  Fig. 8.10    Trialing the implant. The implant must be 
tested for overstuffi ng of the patellofemoral compartment       

  Fig. 8.11    The implant secured in the trochlear groove       

  Fig. 8.12    Radiographic axial control 2 years after 
HemiCAP Wave implantation combined with a MPFL 
and a tibial tubercle osteotomy       
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status (mean Tegner score: 4.5, SD ± 2.5) than 
patients without patellar resurfacing (mean Tegner 
score: 2.5, SD ± 1.8) 24 months after surgery. 

 We have had three revision surgeries:
•    After 1 year, one patient with ongoing effu-

sion and pain was allergic to chrome and 
nickel and had to be converted to oxinium- 
coated TKA.  

•   In one patient we diagnosed a loosening of the 
central screw 5 days postoperative which had 
to be repositioned in the revision surgery.  

•   Two months postoperative, one patient with a 
combined MPFL reconstruction showed 
ongoing effusion and pain after spontaneous 
hyperfl exion. We diagnosed a graft slippage at 
the femur insertion of the MPFL through a 
screw loosening and refi xed the graft with a 
new screw.       

    Custom Patellofemoral Resurfacing 
(Kinamed ®  Camarillo, CA) 

    Personal Experience of Ronald 
Grelsamer, M.D. 

 A custom PFA is an attractive option for the 
active patient. Compared to other forms of 
 patellofemoral arthroplasty, a custom PFA offers 
[ 20 ,  21 ]:
    1.    Greatly diminished operative time   
   2.    An intact femur upon revision    
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  Fig. 8.13    Median VAS (Visual Analog Scale) scores 
show an improvement at 24 months       
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  Fig. 8.14    Average Lysholm scores show an increase 
when compared to reported outcomes preoperatively       
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  Fig. 8.15    Median WOMAC scores improved from pre- 
to post-op       
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  Fig. 8.16    Tegner scores show improvement over a 
24-month period       
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  The diminished operative time is the result of 
the preoperative work performed by the surgeon 
and the manufacturer. The intact femur upon 
revision is the result of the onlay aspect of the 
(trochlear) implant (no bone is removed from 
the trochlea). There are two components to a 
custom PFR: the patellar button which is round 
(and no different from that of a TKR or other 
PFA) and the metallic trochlear component—the 
custom piece. 

   Design Rationale 
 Despite all attempts to screen out patients at risk 
for developing tibiofemoral arthritis, a patient 
receiving a PFA stands a chance of requiring a 
TKA at some point in the future. When an ante-
rior cut has to be made, the subsequent surgeon 
will have to address this anterior cut; the inclina-
tion of that cut relative to the desired rotation of 
the new femoral component will determine the 
ease or diffi culty of this step. On the other hand, 
with the exception of the anchoring drill holes, 
the femur upon removal of the custom trochlear 
component will be intact. 

 Trochleas present a remarkable variety of 
shapes and sizes. Some appear wide while others 

are narrow. Off-the-shelf implants can address 
sizing issues but not morphologies. The quality 
of the off-the-shelf fi t will therefore vary from 
patient to patient; the long-term effects of this 
have yet to be determined. A custom trochlea, by 
defi nition, will fi t every patient. Contrary to fi rst 
incarnation of custom trochleas (Techmedica ® ), 
this custom implant features two differing sur-
faces: the surface facing the trochlea, which is a 
 negative  of the trochlea, and the surface facing 
the patella which  always  matches the patellar 
button; this concavity provides a measure of sta-
bility even in the setting of dysplasia.  

   Implant Creation and Implantation 
 A thin-slice CT scan of the distal femur is 
obtained. From the CT scan pictures, a plaster 
model is made on which the manufacturer 
(Kinamed) will outline the contours of the antic-
ipated implant. The surgeon can accept or mod-
ify the contour. When all parties agree, the 
manufacturer creates both a custom drill guide 
and a custom trochlea (Fig.  8.18 ). At the time of 
surgery, the surgeon applies the custom drill 
guide to the trochlea and outlines it with methy-
lene blue. (At this point, the fi t is imperfect due 
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  Fig. 8.17    Sport participation before and after HemiCAP Wave implantation       
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to the remaining cartilage.) The surgeon removes 
this cartilage within the outline. The drill guide 
is reapplied and three holes are created.

   The real trochlear implant is applied to the 
trochlea; the patella is resurfaced. Care is now 
taken to insure proper tracking of the patella. If 
the patella is malaligned, the realignment options 
are the same as for any unstable patella (lateral 
release, medial imbrication, MPFL reconstruc-
tion, tibial tuberosity transfer, etc.). 

 The following issues have been raised in rela-
tion to this implant:
    (a)    In the setting of dysplastic trochleas, is 

there overstuffi ng of the patellofemoral 
compartment?

 –    The recent literature has tended to refute 
the concept of overstuffi ng as a cause of 
limited fl exion [ 16 ].  

 –   Trochlear dysplasia is most pronounced 
proximally; yet it is the  distal  portion of 
the trochlea that is in contact with the 
patella during fl exion. The patellofemoral 
compartment is not overstuffed during 
fl exion regardless of any proximal 
dysplasia.    
 A surgeon nevertheless concerned with 

overstuffi ng can fashion the plaster model 
 any way  he/she wishes. The dysplasia can be 
removed from the plaster model, and an 
implant will be created to fi t this “new” 
trochlea.   

   (b)    The implant does not extend far enough 
proximally.
 –    The surgeon can ask for the implant to be 

extended proximally beyond the native 
trochlea.      

   (c)    The implant is expensive.
 –    The cost of the implant is in line with 

other PFAs, and the implant may be con-
sidered less expensive when operating 
time is factored in.         

   Athletics 
 The custom PFA has not been formally investi-
gated in the setting of sports. A distinction has 
to be made between a patient’s ability to per-
form a given sport and the wisdom of perform-
ing such a sport. I defi ne the “Bo Jackson” 
syndrome as a person’s ability to perform a 
sport—only to see the implant worn or loosened 
as a result of that activity (Bo Jackson returned 
to baseball with a hip replacement—and 
promptly needed a revision). 

 A number of my patients have resumed ath-
letic activities; I discourage activities involving 
repeated knee bends and, in patients with poor 
VMOs, uncontrolled twisting. Barring these 
restrictions, I allow patients a return to sports, 
with the understanding that we (the patients and 
I) are in unchartered waters.    

  Fig. 8.18    After the contours of a patient’s trochlea are 
outlined, a custom guide and trochlear implant from 
Kinamed are created. From Sisto DJ, Grelsamer RP, Sarin 
VK (2012) Patient-Specifi c Patellofemoral Arthroplasty. 
In:  Recent Advances in Hip and Knee Arthroplasty , Edited by 
S.K. Fokter. InTech Publishing. Rijeka, Croatia. Open Access: 
  http://www.kinamed.com/pdf/Sisto-Grelsamer- Sarin%20-
%20Patient%20Specific%20PFR%20-%20Recent%
20Adv%20in%20Hip%20and%20Knee%20Arth%20-
%20InTech%20%202011.pdf           
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    Second-Generation Onlay 
Patellofemoral Arthroplasty 

       Two Surgeons’ Experience with 
the Avon™ (Kalamazoo, MI) PFA 

   Elizabeth A. Arendt, M.D., 
and Diane L. Dahm, M.D. 
 Partial knee replacements by design are indicated 
for patients who have preservation of two joints 
with isolated arthritis in the third compartment. 
An ideal patellofemoral arthroplasty (PFA) 
patient is somebody with a functioning aligned 
patellofemoral (PF) joint or one that can be 
realigned surgically. The disease is isolated to the 
PF joint with minimal to no coexisting arthritis in 
the tibiofemoral joint. Although some patients 
may have a mild valgus alignment of the limb, it 
is important that there is no narrowing of the lat-
eral joint space, suggesting early lateral compart-
ment wear. Mild valgus limb alignment due to 
varying degrees of hypoplasia of the lateral fem-
oral condyle is common with PF arthrosis; often 
the joint line remaining parallel to the fl oor and 
the tibiofemoral compartment is not compro-
mised. Trochlear dysplasia is often present as a 
morphologic feature [ 22 ]. Ideally there should be 
no systemic arthropathies.  

   Design Features 
 The prosthesis of choice for the authors has been 
the Avon™ prosthesis, which is a second- 
generation implant developed in 1996. Early 
(5 years) results have been published and are 
encouraging for improvement in function with 
essentially no incidence of loosening [ 23 ]. 

 The characteristics of the design of the troch-
lea come from the Kinemax total knee. There are 
four sizing options on the femur, no left or right 
differences. There are two options for the patella: 
a domed polyethylene symmetric button and an 
asymmetric button. Both are compatible with 
revision knee systems. The design of the trochlea 
is an onlay-style prosthesis that is implanted fl ush 
with the anterior cortex. It offers a broad trochlea 
upon which to capture the patella, making it one 
of the least constraining trochleas on the market. 

The length of the anterior fl ange is designed to 
have the patella component articulate with the 
trochlear component in extension, eliminating 
the potential to have the patella component catch 
on the superior extent of the trochlea component 
in early fl exion. This longer trochlear design is 
useful, as patella alta is often associated with iso-
lated patellofemoral arthritis (Fig.  8.19 ) [ 22 ]. 
Another advantage of this design is the initial 
femoral cut, which is an anterior cut, similar to 
that of a total knee. This anterior cut essentially 
removes the condylar deformity that is associated 
with trochlear dysplasia. The surgeon can then 
place the “normalized” trochlear component in 
the appropriate anatomic position.

   In our hands it is rare that formal patella 
realignment is necessary. This is due in part to the 
trochlear design being very forgiving. In addi-
tion, the lateral patella tilt which is often present 

  Fig. 8.19    Lateral radiograph of left knee with patella alta 
(Insall/Salvati ratio >1.6), S/P Avon PFA. The kneecap 
remains contained in the fl ange of the femoral prosthesis       
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in patients with PF arthritis is in part due to wear 
of the lateral patella compartment (loss of bone 
and cartilage) (Fig.  8.20 ). This volume loss is 
“restored” with the arthroplasty resurfacing. 
Lateral soft tissue tightness can be managed with 
a peri-retinacular release (Ackroyd, CE, personal 
communication) [ 24 ]. At times, a formal lateral 
retinacular release or lengthening is performed. 
There may be medial retinacular tissue redun-
dancy that can be imbricated.

   This brief review outlines the collective expe-
rience of two surgeons with separate but similar 
practices. They have collectively performed over 
220 (113; DD plus 111; EAA) patellofemoral 
arthroplasties from 2003 to June 2012. 

 To date there has been no concomitant medial 
tibial tubercle osteotomy associated with this 
procedure in our patient cohort, though some 
have had this procedure previously to treat PF 
instability. There have been two cases (EAA) that 

have had excessive patella alta, with the patella 
not being contained within the anterior fl ange of 
the trochlear design. A patella tendon imbrication 
was performed in both cases. Alternatively a dis-
tal tibial tubercle osteotomy can be performed 
provided adequate proximal tibial bone is 
present.  

   Activity Levels 
 The incidence of isolated patellofemoral joint 
arthritis is more common in females, with troch-
lear dysplasia commonly seen in this population 
[ 22 ]. The PF complaints are frequently bilateral 
and coupled with a long-standing history of 
patellofemoral pathology. As such, many patients 
have reduced their activity levels over time; even 
as teenagers they typically did not get involved in 
traditional jumping and pivoting sports. 
Therefore, many patients that are appropriate for 
a PFA are not involved in sporting or athletic 

  Fig. 8.20    ( a ) Lateral tilt on the axial views is (in part) due to grade IV chondral and bone loss in the lateral PF compart-
ment. ( b ) Prosthetic restoration of the trochlear and lateral facet surface volume recreates more normal tracking       
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activities that involve running, jumping, and/or 
pivoting. 

 At times, a patient may present with PF symp-
toms due to PF arthritis that occur only with 
high-level sporting activities (e.g., running), and 
their day-to-day activities are not compromised. 
Since we have little information on activity levels 
after a patellofemoral arthroplasty, we cannot 
encourage the use of a PFA for this surgical indi-
cation. The authors believe that to advise a patel-
lofemoral resurfacing for the  sole indication  of 
returning a person to a high-level impact activi-
ties is not recommended. 

 We place no absolute restrictions on the 
patient’s postoperative activity but discourage 
dedicated running defi ned as one’s primary exer-
cise with daily or near daily frequency. To date 
there is little information about the effect of run-
ning on prosthetic wear and loosening over the 
long term. 

 In one patient cohort (DD), Knee Society 
Score (KSS) was used as the outcome tool. In a 
follow-up of 61 patients operated on between 
2003 and 2009, 59 have complete follow-up 
(minimum 2 years, mean 3.5 years). The Tegner 
[ 19 ] and UCLA activity scores [ 25 ] were used to 
gauge activities. The UCLA scale is a simple 
scale ranging from 1 to 10. The patient indicates 
her or his most appropriate activity level, with 1 
defi ned as “no physical activity, dependent on 
others” and 10 defi ned as “regular participation 
in impact sports.” The Tegner score is similar to 
the UCLA scale, a simple scale ranging from 0 to 
10, and the patient has to indicate the most appro-
priate activity level, with 0 defi ned as “no physi-
cal activity, disabled,” and 10 defi ned as 
“participation in competitive soccer—national 
and international elite.” 

 Pre- and postoperative means are presented 
below (Table  8.2 ). There is improvement in their 
scores, with mean values in both activity scores 
representing a moderately active population.

   In a previous review comparing total knee 
arthroplasty patients to PFA patients in 50 
matched pairs, specifi c sporting activity was 
requested [ 26 ]. This is reported in Table  8.3 .

   In a second patient cohort (EAA), Knee injury 
and Osteoarthritis Outcome Score (KOOS) was 

used. Of the 55 knees, 50 knees (91 %) have 
>2-year follow-up. KOOS subset data included 
averages of presurgery and 2+ years postopera-
tively, respectively: pain 50.0 and 74.8, symp-
toms 39.9 and 54.7, ADL 53.2 and 79.5, sports 
26.3 and 53.7, and QOL 18.2 and 53.2. Though 
sporting activity has signifi cantly improved post-
operatively, it remains low compared to a young 
and active population. 

 Marx activity scale is designed for knee- 
injured athletic patients [ 27 ,  28 ]. This scale con-
sists of four questions asking the frequency the 
patient performs activities such as “running, cut-
ting, decelerating, and pivoting.” Each question 
can be scored from 0 (less than one time per 
month) to 4 (four times per week or more often) 
and ranges from 0 to 16 points. Impact activities 
that are done less than once a month or not at all 
receive a score of zero. Review of Marx activity 
scales in a similar cohort of Avon PFA patients 
reveals a mean preoperative score of 1.94 (range 
0–12) and a postoperative mean 2.17 (range 
0–12). This indicates that our PFA population on 

   Table 8.2    Pre- and postoperative means of a cohort of 
Avon™ patients   

 Preoperative 
mean (SD) 

 Postoperative 
mean (SD) 

 ROM arc  122.7 (9.8)  124.2 (6.6) 
 KSS Pain  51.4 (7.4)  89.9 (13.6) 
 KSS function  56.0 (10.9)  77.6 (20.6) 
 KSS stairs  26.9 (6.7)  38.8 (10.2) 
 Tegner  2.3 (0.9)  3.8 (1.2) 
 UCLA  3.4 (0.6)  5.8 (1.8) 

   Table 8.3    Sporting activities after PFA/TKA   

 Sporting activity  PFA group  TKA group 

 Walking  20 (87 %)  18 (81 %) 
 Swimming/water aerobics  7 (30 %)   1 (5 %) 
 Running  3 (13 %)   0 
 Bicycling  7 (30 %)   1 (5 %) 
 Hiking  3 (13 %)   0 
 Square dancing  1 (4 %)   0 
 Camping/fi shing  1 (4 %)   0 
 Racquetball  0   1 (5 %) 
 No sports  2 (9 %)   2 (9 %) 

   PFA  patellofemoral arthroplasty,  TKA  total knee 
arthroplasty  
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average does not partake in high-impact and 
 pivoting activity. Four patients specifi cally men-
tioned running as a desired postoperative goal 
and were able to go back to running activity at 
some level postoperatively. 

 In review of our collective experience to date, 
the authors are encouraged that PFA is a good 
option for the patient with isolated grade 4 arthri-
tis. It is our impression that the typical PFA 
patient returns to moderate activity levels, pri-
marily partaking in low-impact aerobic activities. 
They typically return to these activities postop-
eratively with less pain and greater frequency 
than their preoperative situation.    

    Third-Generation Asymmetrical 
Onlay PFA Sigma High-Performance 
Partial Knee Replacement ®  
(DePuy Synthes, Warsaw, IN) 

    Personal Experience of Jack 
Farr, M.D. 

 Several manufacturers now have a third- 
generation option. The means to optimizing a 
PFA are detailed in another article [ 29 ]. In this 
third generation, the patella remains an oval or 
oval dome as with second-generation implants. 
The trochleas are commonly asymmetrical to 
allow a narrower component for a specifi c size of 
femur in an attempt to decrease soft tissue 
impingement. With this narrower size, it is there-
fore possible to insert these implants in an “inlay” 
technique for those patients with near normal 
trochleas and use the same implant as on “onlay” 
for those with more advanced dysplasia. The 
trochlear aspect is lengthened proximally past the 
native trochlea, to allow for PF contact in full 
extension even with mild amounts of patellar 
alta. As a design surgeon (Farr is a DePuy Synthes 
consultant, design surgeon for the Sigma HP 
PKR PFA, and receives royalties), it would be 
somewhat disingenuous to present results in this 
article format as lead author. Therefore, the tech-
niques of other authors are outlined, followed by 
their patients’ sports activity levels. The tech-
nique for the Sigma HP PFA is demonstrated in 

Figs.  8.21 ,  8.22 ,  8.23 ,  8.24 ,  8.25 ,  8.26 ,  8.27 , and 
 8.28 . Figures  8.29  and  8.30  show a patient’s 
radiographs implanted with a Sigma HP PFA.

              Sports After Sigma HP PFA 
 Of the 213 patients undergoing this PFA from 
2008 to 2012, 78 % of patients were either unable 

  Fig. 8.21    Standard fl at cut patella maintaining approxi-
mately 15 mm thickness       

  Fig. 8.22    A size 3 peg oval dome trial as would be used 
for TKA       

  Fig. 8.23    Collared drill bit creates socket with radius 
same as implant tip and depth to reference all further cuts       
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  Fig. 8.24    Anterior cutting guide reference distal socket 
and anterior femoral cortex. Rotation matches anatomy of 
“normal” trochlea with higher lateral trochlea than medial. 
Vertical slots may be used when an inset trochlea is 
desired; otherwise, the horizontal slot captures the saw 
blade which removes all anterior bone       

  Fig. 8.25    End-cutting mill tracks on guide set in distal 
reference socket and anterior cut, which creates a depth 
equal to fi nal trochlear component       

  Fig. 8.26    With trial trochlear implant seated fl ush to 
adjacent cartilage of distal trochlea, a drilling guide is 
used to create three holes for trochlear component lugs       

  Fig. 8.27    Checking to assure the trochlear trial is fl ush 
with adjacent cartilage       
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or not interested in participating in sports. This 
group of tertiary referral patient had predomi-
nantly patients with long-standing PF degenera-
tive arthritis in conjunction with dysplasia and 
thus had moderated their activity over many 
years. All patients who desired to return to 
“sport” were able to, but in this patient popula-
tion, there were no high-level athletes who 

 participated in high-demand activities except the 
two patients illustrated who hiked, skied (low 
impact), and rode horses (Fig.  8.31 ). There were 
no runners, soccer players, basketball players, or 
tennis players.

         Conclusions 

 Sports participation after any arthroplasty 
remains a study in progress. There is no high 
level of evidence literature reports. The interme-
diate and long-term problems with loosening are 
unknown. When only the trochlea is resurfaced 
as with the Arthrosurface implants, obviously 
polyethylene wear debris as a cause of loosening 
is avoided. The early experiences reported are 
promising, yet these are a subset of PF degenera-
tive patients (e.g., not used in severe dysplasia). 
As polyethylene wear is the main concern, data 
from TKA and UKA suggest that wear is a func-
tion of load and cycles of use. Therefore, until   Fig. 8.28    Cemented trochlear and patellar implants       

  Fig. 8.29    ( a ) Preoperative lateral radiograph and ( b ) postoperative lateral radiograph       
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  Fig. 8.30    ( a ) Preoperative merchant view and ( b ) postoperative merchant view       

  Fig. 8.31    ( a ) PFA patient riding. ( b ) PFA patient snowshoeing. ( c ) PFA patient cross-country skiing. ( d ) PFA patient 
on nontechnical climb       
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objective laboratory wear data or prospective 
 randomized controlled studies are available, 
when polyethylene patella button is used in the 
PFA setting, it is advisable to recommend that 
patients participate only in low-PF loading sports 
and concentrate more on low-loading activities 
such as swimming and cycling.     
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           Introduction 

 Patellofemoral pain and instability are common 
presenting complaints in the athlete. A preva-
lence as high as 16.3 in 100 in young female ath-
letes has been reported. Specifi cally, an incidence 
of primary patellar dislocation of 5.8 per 100,000 
has been noted with this number increasing to as 
high as 29 per 100,000 in the 10–17-year-old age 
group [ 1 – 3 ]. These complaints are often more 
challenging than common, as these symptoms 
represent a myriad of underlying and often over-
lapping diagnoses. However, with a careful his-
tory, physical exam, and appropriate imaging, 
the etiology of their pain and/or instability typi-
cally can be determined. Utilization of therapists, 
athletic trainers, and other specialists will aid in 
successful management outcomes. Although 
multiple surgical and nonsurgical treatment 
options exist, appropriate treatment often leads 
to successful outcomes and a high rate of return 
to play.  

    Pain 

 Patellofemoral pain syndrome is a constellation of 
symptoms originating from the patellofemoral 
joint that can have various and overlapping under-
lying etiologies. Patellofemoral pain syndrome is a 
commonly used term to describe what historically 
was thought to be chondromalacia of the patella. 
Pain associated with the patellofemoral joint is 
specifi c to the patella, trochlea, and their direct soft 
tissue attachments. Patients presenting with patel-
lofemoral pain are often considered challenging 
due to the emotional aspect of their pain, which is 
often chronic in nature, multiple potential etiolo-
gies of their pain, and a lack of consensus of treat-
ment options. However, careful multimodal 
assessment of their pain including the history, 
physical exam, and imaging often leads to a clear 
underlying diagnosis. During the initial evaluation 
of the patient, it is imperative to delineate the true 
source of pain. Pain referral from the tibiofemoral 
joint can cloud the diagnostic and therapeutic deci-
sions made by the clinician. In instances where 
there are concomitant pathologies, more than one 
treatment plan may be indicated. In addition, there 
are anatomic features that can lead to patellofemo-
ral pain. An increased  Q  angle, increased tibial 
tubercle–trochlear groove (TT–TG) distance, 
increased tightness of the lateral patellar retinacu-
lum, or lateral tilt of the patella all have been 
attributed to patellofemoral pain. 

 The patient’s history can sometimes provide 
more clues than the physical exam, but in 
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 conjunction, the differential diagnosis can be 
 narrowed. Traumatic causes of patellofemoral 
pain include fracture, contusion, chondral inju-
ries, and instability disorders. More chronic or 
overuse- type injuries, which induce pain, can be 
contributed to quadriceps or patellar tendinitis. 
Thus, it is important to obtain the patient’s his-
tory as it relates to their symptoms. Further defi n-
ing the patient’s symptoms based on their specifi c 
complaints, such as the location of the pain, as 
well as factors that alleviate or worsen the pain, 
will aid in diagnosing their source of pain.    Pain, 
which is located at the proximal or distal pole of 
the patella, worse with jumping and other impact 
activities, may be a clue to a tendinopathic disor-
der, whereas pain located at the medial patellar 
facet associated with a history of an instability 
occurrence(s) can be attributed to a chondral 
injury, injury to the medial retinaculum, or injury 
the medial patellofemoral ligament. 

 Isolated patellofemoral chondrosis often pres-
ents with anterior knee pain that worsens with 
prolonged knee fl exion (movie theater sign) and 
activities that increase the patellofemoral pres-
sure (ascending and descending stairs and joint 
loading in fl exion). Also, assessment of the pop-
liteal angle will provide an understanding of the 
patient’s hamstring fl exibility; as this angle 
increases, so does the concomitant stresses seen 
through the patellofemoral joint with activities of 
daily living. Assessment for fl exibility of the 
quadriceps and iliotibial band should be per-
formed as tightness of these structures may con-
tribute to anterior knee pain and increased lateral 
pull on the patella, respectively. Patellofemoral 
crepitus on exam may be a normal fi nding, or, in 
combination with medial or lateral facet tender-
ness, it may suggest softening of or damage to the 
articular cartilage. This may be caused by a trau-
matic event and be associated with one or two 
isolated chondral defects; also, the signs/symp-
toms can be more chronic in nature with diffuse 
lateral trochlea and patellar facet chondrosis with 
little to no patellar tilt, suggestive of lateral patel-
lar compression syndrome. Overall, assessment 
of the patient’s lower limb alignment is required 
to determine if mal-tracking may be causing pain 

due to increased patellofemoral contact pressures 
or if it is causing and/or contributing to degenera-
tion of the articular cartilage. 

 Imaging plays a key role in the determination 
of the etiology of patellofemoral pain. Standard 
radiographs include a standing long cassette 
anteroposterior (AP) view, 45° fl exion posteroan-
terior (PA), and lateral fl exion weight-bearing 
views, as well as a Merchant view. The AP view 
aids in evaluation of alignment and the PA view 
provides clues to early signs of degenerative joint 
disease and osteochondral defects. The 30° lateral 
fl exion weight-bearing view allows for evaluation 
of patella alta (Insall–Salvati, Caton–Deschamps, 
and Blackburne–Peel ratio) and trochlear dyspla-
sia (crossing sign). Evidence of DJD and troch-
lear dysplasia as well as patellar tilt, translation, 
and subluxation can be seen on the Merchant 
view. Magnetic resonance imaging (MRI) is par-
ticularly helpful in identifying and characterizing 
patellofemoral chondrosis, chondral defects, 
patellar tendonitis, and other less common causes 
of anterior knee pain (PVNS/tumor, fat pad 
impingement, painful bipartite patella). Either 
MRI or computer tomography (CT) can be used 
to measure the TT–TG distance. 

 Once the underlying cause(s) of pain has been 
determined, a generalized treatment algorithm 
can be utilized (Fig.  9.1 ). A brief discussion of 
the treatment options is presented as a broad 
overview, and further information regarding treat-
ment, indications, and details of the various pro-
cedures can be found in the subsequent chapters.

      Nonoperative Management 

 Nonoperative management of patellofemoral 
pain should be a multimodal treatment approach 
that aims to decrease symptoms by decreasing 
infl ammation as well as improving defi cits in 
strength and fl exibility that contribute to pain. 
The utilization of certifi ed physical therapists can 
be valuable, in order to provide a structured pro-
gram focusing on hamstring, hip, and gluteal 
fl exibility, in addition to a strengthening program 
incorporating these muscle groups, as well as the 
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quadriceps. Nonsteroidal anti-infl ammatory 
drugs (NSAIDs) can be used to decrease infl am-
mation and pain globally, whereas intra-articular 
injections of Toradol, corticosteroids, hyaluronic 
acid, or platelet-rich plasma, though controver-
sial, can be used locally. Additional extra- 
articular modalities used to control pain and 
infl ammation include heat, cold, massage, ultra-
sound, topical medications, iontophoresis, trans-
cutaneous electrical nerve stimulation (TENS), 
and acupuncture.  

    Lateral Release 

 An isolated lateral release has been shown to 
mix short-term and poor long-term outcomes for 
the treatment of patellar instability; however, it 
may play a role in the treatment of patellofemo-
ral pain secondary to lateral patellar facet com-
pression syndrome. An excessive lateral release 

that detaches the vastus lateralis obliquus can 
lead to iatrogenic medial patellar instability. 
One long- term study of an isolated lateral reti-
nacular release demonstrates mixed outcomes 
when performed for instability or pain with only 
a non- statistically signifi cant trend towards a 
decreased reoperation rate when performed for 
pain [ 4 ]. Another long-term follow-up study 
reports 70 % satisfaction when performed for 
pain and only 50 % satisfaction when performed 
for instability, with poorer results found in 
patients with concomitant chondral lesions [ 5 ]. 
A prospective randomized controlled trial with 
86 patients comparing the results of open versus 
arthroscopic isolated lateral retinacular release 
for patellofemoral pain and mal-tracking with-
out instability showed a slight advantage in 
Tegner and Lysholm knee scores with open 
release and a return to play at the same level or 
higher of 93 % in the arthroscopic group and 
100 % in the open group [ 6 ].  
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  Fig. 9.1    Patellofemoral pain algorithm. Generalized treatment algorithm for patellofemoral pain       
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    Patellar Tendon Debridement 

 Patellar tendinitis is an overuse injury occurring 
in sports with repetitive and high eccentric quad-
riceps loading that commonly responds to rest 
and nonoperative management. Diagnosis can be 
made on physical exam by eliciting pain with 
palpation of the inferior pole of the patella with 
the knee in extension and improvement of symp-
toms with a fl exed knee. Chronic patellar tendi-
nopathy that is refractory to nonoperative 
management, though less common, is a cause of 
anterior knee pain that remains challenging to 
treat. Ultrasound or MRI can be helpful in deter-
mining intrasubstance tendon degeneration or 
partial tears of the tendon origin in these patients. 
Open or arthroscopic debridement of the dis-
eased patellar tendon origin, with or without 
excision of the inferior pole of the patella, has 
shown good results with symptomatic relief but 
only a 50–75 % rate of return to play at the same 
level [ 7 ,  8 ]. 

 A painful patellar ossicle can present as a 
sequelae of Osgood–Schlatter disease [ 9 ]. A fi rm 
and painful mass in the inferior patellar tendon 
that corresponds with an ossicle on a lateral 
radiograph of the knee is diagnostic. Conservative 
management is often successful, but when it fails, 
arthroscopic debridement has been reported to be 
successful [ 10 ].  

    Plica Excision 

 A medial synovial plica is an embryonic struc-
ture, which is typically asymptomatic. However, 
it may irritate the medial knee synovium and 
patellar or trochlear cartilage in sports with repet-
itive high-fl exion activities, such as cycling. 
Arthroscopic plica excision is a simple procedure 
that can effectively treat an irritating plica, and it 
has also been shown to have good results in the 
symptomatic treatment of cartilage degeneration 
associated with a mediopatellar plica [ 11 ]. This 
procedure should be used only after all other eti-
ologies have been ruled out and the patient has 
failed conservative modalities.  

    Chondroplasty 

 Chondroplasty is a technique that involves lavage 
of the knee and debridement of loose articular 
cartilage fragmentation, in order to prevent the 
formation of loose bodies and to remove irritat-
ing chondral fl aps. It is typically reserved for 
low-demand patients with symptomatic small 
lesions (<2 cm) without evidence of generalized 
degenerative joint disease. It may play a role in 
the treatment of “masters” athletes that prefer a 
quick recovery.  

    Microfracture 

 Microfracture is a technique utilized to stimulate 
the growth of fi brocartilage from mesenchymal 
cells in discrete cartilage lesions. Compared with 
hyaline cartilage, fi brocartilage has decreased 
durability and wear resistance. Thus, it is more 
commonly used in small defects (<2 cm) and in 
patients with low demand due to the high pres-
sures in the patellofemoral compartment. Several 
studies examining the outcomes of microfracture 
demonstrate good short-term results (<18 months) 
and with limited long-term benefi ts [ 12 ,  13 ].  

    Osteochondral Autograft (OATS or 
Mosaicplasty) 

 Osteochondral autografting is the transfer of one 
or more cylindrical osteochondral plugs from 
non-weight-bearing areas of the femur to weight- 
bearing areas with cartilaginous defects. Results 
of OATS in the patellofemoral joint tend to be 
worse than in other knee compartments, but have 
shown of 74 % good to excellent results [ 14 ].  

    Osteochondral Allograft 

 Osteochondral allografting is typically reserved 
for large lesions (>2 cm) and in lesions where 
subchondral bone loss is a concern. This proce-
dure is most commonly performed in the 
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 tibiofemoral joint with effective results and, 
though technically challenging in the patellofem-
oral joint, has demonstrated good results in lim-
ited studies [ 15 ]. There is a small risk of disease 
transmission, as with all allograft tissue. 
Additionally, biologic scaffolds with or without 
growth factor enhancement are being developed 
and may be options in the future.  

    Autologous Chondrocyte 
Implantation 

 Autologous chondrocyte implantation (ACI) is a 
technique that harvests the patient’s own chon-
drocytes, cultures them in a lab, and places them 
back into the defect. It is typically utilized in 
patients with large (>2 cm) well-contained 
lesions without osseous defects or in those who 
have failed other measures. Disadvantages to the 
procedure include the length of time away from 
sport, the requirement for two procedures, the 
signifi cant rehabilitation, and the high cost. 
Advantages to ACI include the ability to generate 
hyaline-like cartilage, good short-term results, 
and the potential for better long-term durability 
than other cartilage restorative procedures.  

    Tibial Tubercle Osteotomy 

 Tibial tubercle osteotomy and combined realign-
ment procedures can be used in isolation or in 
conjunction with cartilage restoration procedures 
to treat mal-tracking and decrease stress on the 
affected areas. Theoretically, anteriorization will 
decrease the contact pressure within the patello-
femoral joint, medialization can improve the 
tracking of a laterally displaced patella, and dis-
talization will improve the trochlear articulation 
lacking in patellar alta cases. Tibial tubercle 
anteromedialization for patellofemoral pain with 
or without mal-tracking has shown good results, 
though not as good as when used to treat instabil-
ity [ 16 ]. Anteromedialization has also been 
shown to lead to improved outcomes after patel-
lofemoral ACI as compared with ACI alone [ 17 ].  

    Patellofemoral Resurfacing 

 Patellofemoral resurfacing is a unicompartmental 
arthroplasty utilized in patients with diffuse 
Outerbridge grade IV patellofemoral lesions with 
preservation of the tibiofemoral compartments 
that have failed extensive nonoperative manage-
ment and who are no longer candidates for any of 
the above cartilage restoration procedures. It is 
typically performed in order to preserve 
 tibiofemoral bone stock in patients that are con-
sidered too young (<60 years) to undergo total 
knee arthroplasty. It has limited use in athletes 
but has demonstrated good outcomes for isolated 
patellofemoral arthritis [ 18 ]. Mal-tracking and 
patellofemoral instability are contraindications, 
which must be carefully evaluated before consid-
ering this procedure. The primary mechanism of 
failure after patellofemoral arthroplasty is pro-
gression of tibiofemoral arthritis.   

    Instability 

 Patellofemoral instability may be the result of a 
traumatic patellar subluxation/dislocation, or it 
may be atraumatic in origin. The recurrence rate 
after nonoperative management of a primary 
patellar dislocation ranges from 15 to 44 %; of 
those patients with a second dislocation, 50 % 
develop recurrent episodes of instability [ 1 ,  3 ]. 
In contrast to instability developing from a trau-
matic dislocation, atraumatic patients present 
with a history of multiple subluxations with or 
without atraumatic patellar dislocations and 
spontaneous relocations. In these patients, par-
ticularly when they are younger and without a 
frank dislocation, it is important to recognize 
that they may present with pain in addition to 
instability as their primary complaint. These 
patients need careful evaluation as treatment and 
correction of instability may not relieve the asso-
ciated pain. 

 Despite varying presentations, instability of 
the patellofemoral joint can be separated into 
three sets of underlying causes that guide treat-
ment: soft tissue risk factors, osseous risk factors, 
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or a combination of the two (Table  9.1 ). 
Determination of the etiology is necessary to 
develop an appropriate and effective treatment 
plan, as different treatment algorithms are 
employed for the various underlying causes. 
Many surgical treatments exist for the various 
underlying causes of instability, and we present a 
simple treatment algorithm used by the senior 
author (JPB), which matches the surgical proce-
dures with the underlying cause(s) of instability 
(Fig.  9.2 ).

    Identifying the etiology of patellar instability 
is commonly accomplished through a detailed 
history, physical exam, and imaging. Soft tissue 
risk factors identifi ed by history can include a 
family history of collagenous disorders (Ehlers–
Danlos, Marfan, or other hypermobile joint disor-
ders) and a history of a traumatic dislocation or of 
multiple atraumatic subluxations. On the global 
physical exam, patients should be assessed for 
hyperlaxity using the Beighton score that assesses 
elbow and knee hyperextension, ability to touch 
the palms to the ground with straight knees, pas-
sive thumb fl exion to the wrist, and passive small 
fi nger MCP hyperextension beyond 90° [ 19 ]. 
Visual inspection may reveal vastus medialis 
obliquus (VMO) weakness or atrophy. A J-sign 
may be observed, which is visualized when a lat-
eralized patella in full knee extension shifts medi-
ally in fl exion as the patella engages the trochlea. 
The patella should be assessed for medial and 
lateral glide with comparison to the contralateral 
side with the knee fully extended and with the 
patella engaged at 30° of knee fl exion; the pres-
ence or lack of a fi rm endpoint should also be 
assessed. After acute patellar dislocation, ten-
derness to palpation may be present over the 
medial patellar facet, over the MPFL and medial 

patellofemoral retinaculum, and at the femoral 
insertion of the MPFL. Merchant views of the 
knee may reveal lateral patellar subluxation and 
tilt MRI can demonstrate injury to the MPFL, 
medial patellar retinaculum, VMO, bone “bruis-
ing,” chondral surfaces, and lastly the ability to 
measure the TT–TG distance. 

 Likewise, the underlying causes of osseous 
instability can also be evaluated via history, phys-
ical exam, and imaging. The patient may com-
plain of painful mal-tracking or of being 
knock-kneed. Patients should be assessed for a 
high  Q  angle, femoral anteversion, and valgus 
alignment to the knees. Patella alta is best 
assessed on a 30° lateral radiograph; there are 
multiple measurement techniques. We prefer the 
Blackburne–Peel or Caton–Deschamps ratio over 
the Insall–Salvati ratio as they do not require 
identifying the insertion site of the patellar ten-
don, which can be diffi cult and lead to less reli-
able and consistent measurements. The lateral 
view can also demonstrate a double contour or 
crossing sign in the trochlea, suggestive of troch-
lear dysplasia, which can also be evaluated on a 
Merchant view. Because the  Q  angle can be dif-
fi cult to measure accurately, we prefer to utilize 
the tibial tubercle-trochlear groove (TT–TG) dis-
tance as determined by cross-sectional imaging. 
Dejour initially defi ned a TT–TG value greater 
than 20 mm as abnormal; however, in patients 
presenting with patellar instability, more recent 
studies defi ned a TT–TG distance >15 mm as 
being a risk factor for osseous patellar instability 
[ 20 – 22 ]. 

    Nonoperative Management 

 Nonoperative management of patellar instability 
involves many of the same modalities used in the 
treatment of patellofemoral pain and includes a 
focus on improving functional alignment via 
taping, bracing, improved proprioception, and 
elimination of defi cits or imbalances in strength 
and fl exibility. Taping and bracing can be used 
to unload the patellofemoral joint, pull the 
patella medially, and enhance muscle activation. 

   Table 9.1    Patellar instability risk factors   

 Soft tissue risk factors  Osseous risk factors 

 MPFL rupture  Increased TT–TG distance 
 Medial retinacular 
insuffi ciency 

 Patella alta 

 Hyperlaxity  Trochlear dysplasia 
 VMO weakness/atrophy  Increased femoral 

anteversion 
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Muscle training of the VMO and external rotators 
of the hip as well as stretching of the hamstrings, 
quadriceps, hip fl exors, and rotators may 
improve functional alignment of the patella.   

    Soft Tissue Procedures 

 There are multiple soft tissue procedures designed 
to treat patellar instability, many of which are 
performed in conjunction with osseous proce-
dures. The goal of this section is to briefl y intro-
duce the indications and results of the more 
commonly utilized surgical soft tissue procedures 
with more detailed analysis and technical tips 
being presented in the corresponding chapters. 

    Lateral Release 

 Isolated lateral release, open or arthroscopic, for 
the treatment of patellar instability is mentioned 

only for historic interest. Though it may be 
 useful, as previously described, in the treatment 
of lateral patellar compression syndrome, iso-
lated lateral release for instability is associated 
with poor outcomes including poor patient 
 satisfaction, persistent lateral patellar instability, 
and iatrogenic medial patellar instability [ 23 ,  24 ]. 
However, lateral release for patellar instability in 
combination with either osseous procedures or 
medial-sided soft tissue procedures has been 
advocated [ 25 ,  26 ].  

    Medial Imbrication/Reefi ng/Plication 

 Medial retinacular imbrication involves a tighten-
ing of the medial structures via a mini-open 
approach to the medial knee. Like a lateral reti-
nacular release, medial retinacular imbrication is 
rarely performed in isolation for patellar instabil-
ity. Limited data is available on the effect of 
medial imbrication in conjunction with other 
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  Fig. 9.2    Patellofemoral instability algorithm. Specifi c treatment algorithm for patellar instability       
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commonly utilized procedures for instability. 
One systematic review of lateral release versus 
lateral release plus medial imbrication for patellar 
instability shows a decreased rate of dislocations 
when adding medial imbrication [ 27 ]. Though 
the senior author (JPB) does not routinely use 
medial imbrication even as an adjunct to other 
procedures, it may play a role in conjunction with 
osseous realignment. One instance where imbri-
cation may have utility in isolation is with the 
skeletally immature population, where injury to 
the femoral physis is a concern with other proce-
dures, such as a MPFL reconstruction.  

    MPFL Repair and Reconstruction 

 The MPFL has been shown to be the primary 
restraint to lateral translation of the patella. 
Without hyperlaxity, MPFL rupture is the sign of 
a primary traumatic patellar dislocation. After 
acute rupture, these patients often present with 
apprehension to lateral patellar translation and 
tenderness at the medial patellar facet, along the 
MPFL, or at its insertion site on the medial femo-
ral condyle. 

 Nonoperative management of isolated MPFL 
ruptures is often successful, with a minority of 
these patients progressing to patellar instability; 
acute MPFL repair has been advocated in cases 
of concomitant VMO detachment and, occasion-
ally, in athletes with an early failure after nonop-
erative management. The indications for 
immediate surgical repair need further investiga-
tion. A recent randomized controlled trial com-
paring MPFL reconstruction with nonoperative 
treatment of acute traumatic patellar dislocations 
found a lower redislocation/subluxation rate and 
higher Kujala scores within the MPFL recon-
struction group. The authors in this study utilized 
a patellar tendon autograft for the reconstruction 
of the MPFL [ 28 ]. However, two other random-
ized controlled trials comparing operative and 
nonoperative management of primary patellar 
dislocation failed to demonstrate any difference 
between operative and nonoperative management 
in terms of outcome scores or with the rate of 

recurrence, but these studies did not compare 
MPFL reconstruction, rather they only compared 
direct repairs of the MPFL [ 29 ,  30 ]. There have 
been no studies on the outcomes of operative ver-
sus nonoperative management in elite athletes, 
and there needs to be further studies comparing 
newer reconstruction techniques with ligament 
grafts to nonoperative treatment. Nonoperative 
management after MPFL rupture can also play a 
role with the “in-season” athlete who has patellar 
instability but wishes to delay reconstruction 
until completion of the season. 

 Acute MPFL repair is an option that may be 
helpful in treating elite athletes. A randomized 
controlled trial of delayed MPFL repair (mean 50 
days) demonstrated no signifi cant difference in 
redislocation rates or in the Kujala scores, but 
there was an increase in the patella stability sub-
score [ 29 ]. An additional study looking at fail-
ures of delayed MPFL repair identifi ed 
nonanatomic MPFL repair as the only statisti-
cally signifi cant risk factor [ 30 ]. There is little 
reported on acute MPFL repair; however, one 
recent study that included 17 patients reported no 
redislocations and only one patient with recurrent 
instability without a frank redislocation [ 31 ]. We 
have also had success in returning elite athletes to 
play after acute MPFL repair and, with attention 
to anatomic reinsertion, consider it to be a viable 
option for an acute patellar dislocation. 

 Reconstruction of the MPFL has shown repro-
ducible and consistent results for the treatment of 
isolated soft tissues etiologies of patellar instabil-
ity. There are multiple successful techniques and 
graft options for the reconstruction of the MPFL. 
However, these techniques all involve anatomic 
reconstruction, as nonanatomic positioning of the 
graft leads to decreased motion and increased 
patellofemoral contact pressures. One additional 
factor for success is appropriate graft tensioning; 
we recommend tensioning at 30–45° of knee 
fl exion with the patella seated in the groove to 
avoid over-tensioning. Specifi cally, the MPFL 
functions as a checkrein rather than as a dynamic 
restraint; therefore, it remains important to allow 
for 1–2-quadrant lateral patellar glide to avoid 
over-tensioning of the grafted ligament.   
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    Osseous Procedures 

    Tibial Tubercle Osteotomy 

 Osteotomy of the tibial tubercle is a powerful 
tool for realignment of the patellofemoral joint 
with signifi cant changes in patellofemoral 
 biomechanics; it has been used to off-load 
 diseased portions of the patella or trochlea (often 
in conjunction with cartilage restoration proce-
dures) and to treat painful mal-tracking, as well 
as instability. The angle of the cut and the amount 
of transfer allow for varying degrees of anterior-
ization, medialization, and distalization of the 
tibial tubercle. 

 Two common tubercle realignment proce-
dures are the Elmslie–Trillat medialization and the 
Fulkerson anteromedialization. The Elmslie–
Trillat procedure, potentially by overmedializa-
tion, can lead to increased medial patellar facet and 
medial compartment contact pressures and is not 
recommended in patients with medial patellofem-
oral compartment degenerative changes [ 32 ,  33 ]. 
Good results have been reported in patients with-
out patellofemoral arthritis [ 34 ]. The Fulkerson 
anteromedialization has been shown to off-load 
the lateral patellar facet with patellar pressures 
being more equally distributed both proximally 
and medially [ 16 ,  33 ]. Thus, proximal and medial 
patellar cartilage defects represent a relative con-
traindication to anteromedialization of the tibial 
tubercle. Lastly, distalization of the tubercle is 
typically included with one of the above osteoto-
mies to correct patella alta cases.  

    Trochleoplasty 

 Trochleoplasty is a salvage procedure reported 
with mixed results in the European literature. It 
involves deepening the trochlear groove in 
patients with dome-shaped trochlea and patellar 
instability. Because of the potential for serious 
articular and subchondral injury, trochleoplasty 
is rarely performed in the USA and has little indi-
cation in the treatment of athletes.   

    Combined Soft Tissue and Osseous 
Procedures 

 The etiology of patellar instability is often 
 multifactorial and involves soft tissue and osse-
ous components. A patient with patella alta, 
trochlear dysplasia, or an elevated TT–TG dis-
tance has a higher likelihood of patellar insta-
bility; the  activation energy required for a 
dislocation with soft tissue disruption is lower, 
and the risk of recurrence is higher. Because of 
this, many authors have advocated combina-
tions of soft tissue and osseous procedures. 
Though there are multiple successful combina-
tions, we have had good results in combining a 
modifi ed Fulkerson osteotomy and an 
arthroscopic lateral release in athletes with 
recurrent patellar dislocations [ 35 ]. 

    Case 1 

 A 14-year-old basketball player sustained a non-
contact valgus injury to her right knee during a 
basketball game. She had immediate pain and 
swelling, and physical examination revealed a 
signifi cant effusion, ROM 0–50° (0–140° contra-
lateral), a 10° extensor lag, symmetric varus/val-
gus and Lachman testing, lateral patellar 
apprehension, and medial facet tenderness. 
Radiographs reveal a shallow trochlea with lat-
eral patellar subluxation in a skeletally immature 
individual (Fig.  9.3 ), and an MRI demonstrates 
an effusion with a large loose osteochondral frag-
ment (Fig.  9.4 ).

    The patient underwent a diagnostic knee 
arthroscopy with fi xation of a 2 × 2-cm medial 
facet osteochondral fragment with two 3.0-mm 
cannulated screws and a medial reefi ng (Fig.  9.5 ). 
Postoperatively, radiographs confi rmed the 
reduction (Fig.  9.6 ), and for 4 weeks the patient 
was limited to 90° of knee fl exion in a brace 
locked in extension for ambulation. She returned 
to jogging at 3.5 months and basketball at 6 
months. She played 4 years of high school bas-
ketball without recurrent instability.
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  Fig. 9.3    AP, lateral, and Merchant radiographs demonstrate a shallow trochlea with lateral patellar subluxation in a 
skeletally immature individual       

  Fig. 9.4    Representative coronal and axial magnetic resonance images demonstrating an effusion with a large loose 
osteochondral fragment       
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     Diagnosis: acute patellar dislocation with a large 
osteochondral fracture  

  Treatment: arthroscopic reduction and internal 
fi xation of the osteochondral fracture with 
medial reefi ng     

    Case 2 

 A 17-year-old offensive lineman for his high 
school football team sustained a direct blow to 
his right knee during spring training of his junior 
year. Physical exam revealed a mild valgus align-
ment, three-quadrant lateral glide with apprehen-
sion (two quadrants on contralateral knee) in full 

extension and at 30° fl exion, and neutral patellar 
tilt bilaterally in full extension. Radiographs 
revealed a normal sulcus angle with minimal 
patellar subluxation and tilt and no patella alta 
(Fig.  9.7 ). A femoral-sided MPFL rupture was 
seen on the MRI (Fig.  9.8 ).

    With physical therapy and bracing/taping, 
the patient returned to football and completed 
his senior season. He sustained another disloca-
tion in the spring of his senior year, and he 
wishes to play DIII college football. He opted 
for surgical intervention, and a diagnostic knee 
arthroscopy was performed with a 30° and 70° 
camera to evaluate patellar tracking followed 
by MPFL reconstruction with a doubled 6-mm 

  Fig. 9.5       Arthroscopic pictures demonstrating a large osteochondral fragment ( a  and  b ) reduced and fi xed using can-
nulated screws ( c )       

  Fig. 9.6    Postoperative AP and lateral radiographs confi rm osteochondral fragment reduction and fi xation       
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semitendinosus allograft positioned with use of 
a C-arm (Fig.  9.9 ). A lateral release was not per-
formed because of the neutral patellar tilt in full 
extension.
    Diagnosis: patellar instability secondary to an 

MPFL rupture without osseous abnormalities  
  Treatment: MPFL reconstruction     

    Case 3 

 A 17-year-old girl high school lacrosse player 
sustained a patellar dislocation 2 years ago in a 
lacrosse game. She has been treated nonopera-
tively by a sports medicine physician with physi-
cal therapy and bracing, but she has had multiple 
recurrent dislocations followed by pain as well as 
a sense of instability playing lacrosse and basket-
ball. Her exam is notable for an externally rotated 

  Fig. 9.7    Merchant ( a ), AP ( b ), and fl exion lateral ( c ) radiographs demonstrate a normal sulcus angle (130), minimal 
patellar subluxation and tilt, and no patella alta (Blackburne–Peel 0.9)       

  Fig. 9.8    Axial MRI demonstrating a femoral-sided 
MPFL rupture with shear injury to the medial patellar 
facet and a lateral femoral condyle bone bruise       
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gait, a  Q  angle of 30° in full extension, a thigh- 
foot progression angle of 25°, and patellar appre-
hension. Preoperative radiographs (Fig.  9.10a, b ) 
reveal mild patella alta, and a preoperative CT 

scan (Fig.  9.10c ) reveals a TT–TG distance of 
21 mm and normal trochlear anatomy. A preop-
erative MRI (not shown) revealed intact patello-
femoral cartilage and an intact MPFL.

  Fig. 9.9    View of the medial patellar facet from the infer-
olateral portal with the 30° arthroscope. ( a ) Assessment of 
lateral and medial patellar glide with 70° arthroscope in 
the superolateral portal. ( b ) Prepared doubled 6-mm semi-

tendinosus allograft ( c ). Intraop photo demonstrating 2 
biocomposite anchors fi xing the looped end of the graft to 
the patella with the free ends passed into a femoral tunnel 
and fi xed with an interference screw ( d )          

  Fig. 9.10       AP ( a ) and lateral ( b ) radiographs reveal mild patella alta. An elevated TT–TG distance of 21 mm is seen on 
the axial CT scan       
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   The patient underwent arthroscopy and a tibial 
tubercle realignment. The arthroscopy revealed a 
small grade II cartilage fl ap in the lateral facet, 
healthy proximal and medial patellar cartilage, 
and patella-trochlear engagement at 20–30° of 
fl exion. The tibial tubercle was medialized 1 cm 
as seen on the 1-week postoperative radiographs 
(Fig.  9.11 ). The patient was kept WBAT in a 
brace locked in extension for 6 weeks while the 
osteotomy healed. She returned to basketball and 
lacrosse at 4 months postop symptom-free.
    Diagnosis: patellar instability secondary to 

 osseous abnormalities (elevated TT–TG dis-
tance and mild patella alta)  

  Treatment: tibial tubercle osteotomy         
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