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 � Patellofemoral dysplasia is a major predisposing factor 
for instability of the patellofemoral joint. However, there 
is no consensus as to whether patellofemoral dysplasia is 
genetic in origin, caused by imbalanced forces produc-
ing maltracking and remodelling of the trochlea during 
infancy and growth, or due to other unknown and unex-
plored factors.

 � The biomechanical effects of patellofemoral dysplasia on 
patellar stability and on surgical procedures have not been 
fully investigated. Also, different anatomical and demo-
graphic risk factors have been suggested, in an attempt 
to identify the recurrent dislocators. Therefore, a compre-
hensive evaluation of all the radiographic, MRI and CT 
parameters can help the clinician to assess patients with 
primary and recurrent patellar dislocation and guide 
management.

 � Patellofemoral dysplasia still represents an extremely chal-
lenging condition to manage. Its controversial aetiology and 
its complex biomechanical behaviour continue to pose more 
questions than answers to the research community, which 
reflects the lack of universally accepted guidelines for the cor-
rect treatment. However, due to the complexity of this condi-
tion, an extremely personalised approach should be reserved 
for each patient, in considering and addressing the anatomi-
cal abnormalities responsible for the symptoms.
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Introduction
Trochlear dysplasia is defined as a geometrical abnormal-
ity of the shape and depth of the trochlear groove mainly 

at its proximal part, where the patella engages into the 
trochlea. This represents the main feature of the wider and 
less codified concept of patellofemoral dysplasia, together 
with patellar height abnormalities, axial and rotational 
malalignments and soft-tissue imbalances. In this regard, 
a strict correlation of proximal femoral anatomy and 
trochlear geometry have been reported, confirming the 
possible multi-directional factors involved in this dysplas-
tic condition.1

Patellofemoral dysplasia, despite being universally 
accepted as one of the most important factors in patellar insta-
bility, represents a challenging condition from the several 
points of view of aetiology, evaluation and management.

The aim of this narrative review is therefore to present 
an up-to-date overview of ‘patellofemoral dysplasia’, ana-
lysing the possible aetiology, the various aspects of evalu-
ation and measurements, its biomechanical effects on 
knee kinematics and the natural history of dysplasia and 
dislocation. Finally, after proposing general guidelines for 
the management of acute and recurrent dislocation, the 
experience in this field of the Rizzoli Orthopaedic Institute 
is presented.

Aetiology of dysplasia
Dysplasia of the femoral trochlea is a major predisposing 
factor for instability of the patellofemoral joint.2,3 Consid-
ering joint development, it has been demonstrated that 
the cartilaginous trochlear angle is already shaped at birth, 
but that the osseous trochlea gains depth during adoles-
cence.4 However, there is no consensus as to whether 
patellofemoral dysplasia is genetic in origin,5 caused by 
unbalanced forces producing maltracking and remodel-
ling of the trochlea during infancy and growth,4 or due to 
other unknown and unexplored factors.

Some authors suggested that breech presentation is a 
possible predisposing factor for patellofemoral dysplasia.6 
Breech presentation, which is a well-known risk factor for 
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hip dislocation,7 has been demonstrated to be a recurrent 
feature in Scandinavian newborns with flat femoral troch-
lea. The authors, who measured the femoral sulcus angle 
with ultrasound, separated newborns with values higher or 
lower than 159° (a cutoff value based on previous ultra-
sonographic studies) and reported a 15-fold higher inci-
dence of breech presentation in children with values 
> 159°. The incidence rose to 45-fold if frank breech presen-
tation with locked knee extension was considered. The 
authors suggested that the shape of the foetal femoral 
trochlea could be susceptible to the influence of mechani-
cal forces, highlighting a moving knee with normal patellar 
tracking in the final stage of pregnancy as a vital condition 
to ensure normal anatomy. In fact, a foetus with space to 
kick and flex the lower limbs is believed to have a good 
prospect of developing an adequately deep femoral troch-
lea. Conversely, such a situation is not present in breech 
presentation, especially in those cases with extended knees.

A similar theory was suggested by Salzmann et  al8 
which imputed the reason for patellar dislocation in a 
below-knee amputee patient, to be the patellofemoral 
dysplasia produced by the lack of mechanical stimuli dur-
ing the developmental years. The patient, who sustained 
a below-knee amputation at the age of 18 months fol-
lowed by another 18 months of immobilisation, experi-
enced an atraumatic patellar dislocation at the age of 16 
years, due to a grade C trochlear dysplasia according to 
Dejour and Walch,2 compared with a perfectly shaped 
patellofemoral joint in the contralateral knee. This con-
cept finds some confirmation in animal models, in which 

an artificially malpositioned patella during growth con-
strained physiological trochlear sulcus development in 
terms of depth when compared with controls.9

Despite these interesting and fascinating theories, the 
exact aetiology of patellofemoral dysplasia remains 
unknown.

Evaluation of dysplasia
One of the most authoritative methods of evaluating 
patellofemoral dysplasia, and probably the most used in 
the International literature, is the four-grade classification 
of the Lyonnese School of Henry and David Dejour.2

The three radiographic signs on a true lateral radio-
graph that characterise dysplasic joints are: (1) the ‘cross-
ing sign’, which is when the line of the trochlear sulcus 
crosses the anterior outline of the femoral condyles; (2) 
the ‘supratrochlear spur’, which is an osseous prominence 
of the proximal part of the femoral trochlea measured 
from a reference line along the anterior cortex; (3) the 
‘double-contour sign’, which is the asymmetry of the 
height of the medial and lateral trochlear facets, repre-
senting an hypoplastic medial trochlear facet (Fig. 1). 
Based on the presence or absence of these features, four 
grades can be obtained (Fig. 2):

Type A: the line of the trochlear groove is seen to inter-
sect the anterior border of one of the condyles, there-
fore only the ‘crossing sign’ is present. Anatomically, 
the trochlea appears practically normal.

a) b) c)

Fig. 1 Radiographic features of patellofemoral dysplasia: a) normal deep trochlea; b) ‘crossing sign’ with a flat trochlea; c) ‘double 
contour sign’ with a convex trochlea.
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Type B: the ‘supratrochlear spur’ and the ‘crossing 
sign’ are present. Anatomically, the trochlea is starting 
to assume a convex shape.

Type C: the ‘double contour’ and the ‘crossing sign’, 
which represents a convex lateral facet and a hypoplas-
tic medial facet, are present. Anatomically, the trochlea 
appears flattened.

Type D: all three signs of dysplasia are present (‘cross-
ing sign’, ‘supratrochlear spur’ and ‘double contour 
sign’). Anatomically the trochlea is convex and shaped 
like a camel’s hump (Fig. 3).

To better evaluate and quantify the degree of patel-
lofemoral dysplasia, and to guide the surgical treatment, a 
wide number of measurements and indices are described 
in the literature.

Rotational abnormalities

Tibial tuberosity–trochlear groove (TT-TG) distance 
(Fig.  4): the TT-TG distance is used to determine the 
degree of lateralisation of the tibial tubercle in relation to 
the deepest part of the trochlear groove. A TT-TG dis-
tance of more than 20 mm on CT scans is considered 
pathological and is a significant risk factor for patellar 
instability. normal values are considered if the distance is 
< 15 mm, while values in the range of 15 to 20 mm are 
considered borderline.10 Extreme care should be used 
when evaluating the TT-TG distance, since MRI measures 
have been found to be on average 2 mm less than CT 

measurements.11 Moreover, the knee flexion angle at 
imaging has also been demonstrated to affect this meas-
ure, since Tanaka el al12 reported a decrease of TT-TG 
distance of almost 1 mm for every 5° of knee flexion. 
According to a cutoff value of 15 mm, 70% of patients 
with patellar instability had the indication for tibial tuber-
cle transfer if the measurement was obtained with the 
knee in full extension, while only 24% would have main-
tained such indication if TT-TG was measured at 30° of 
flexion. The authors thus suggested correction of the 
TT-TG values based on the degrees of knee flexion.

Femoral torsion (Fig. 5a): this is the measure of the 
angle formed between a line running through the centre 
of the femoral head and the centre of the femoral neck at 
its junction with the diaphysis and the posterior bi- 
condylar line. The mean value of this angle measured 
using these landmarks is 13° of femoral anteversion.

Tibial torsion (Fig. 5b): this is measured between the 
knee flexion-extension axis and the ankle joint axis. The 
tangent line to the posterior condyles can be used for an 
easier measurement of the landmarks. Mean values (30° 
to 35°) show considerable gender- and race-related 
variability.

Patellar height

Insall-Salvati ratio (Fig. 6): this is the ratio between the 
patellar tendon length and the length of the patella. The 
normal range is 0.8 to 1.2, with patella alta being present 
with a ratio of > 1.2 and patella infera with a ratio of < 0.8.

a) Dysplasia type A Dysplasia type B Dysplasia type C Dysplasia type Db) c) d)

Fig. 2 Classification of patellofemoral dysplasia according to Dejour2: a) type A with ‘crossing sign’; b) type B with ‘crossing sign’ 
and ‘supratrochlear spur’; c) type C with ‘crossing sign’ and ‘double contour sign’; d) type D with ‘crossing sign’, ‘double contour 
sign’ and ‘supratrochlear spur’.
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Caton-Deshamps index (Fig. 6): this is the ratio between 
the distance from the lower pole of the patella and the 
upper limit of the tibia and the length of the patellar joint 
surface. The ideal measurement is with the knee at 30° of 
flexion. The normal range is 0.6 to 1.3, while patella alta 
has a ratio of > 1.3 and patella infera a ratio of < 0.6.13

These measurements, which use the length of the 
patella versus the length of the patellar tendon, do not 

Fig. 3 CT scan evaluation of patellofemoral dysplasia: a 21-year-old female patient with bilateral patellar instability due to type D 
dysplasia.

TG TT

Fig. 4 Tibial tuberosity – trochlear groove distance measurement: 
the deepest point of the trochlear groove (TG) is obtained in 
the axial cut and superimposed in a second axial cut where the 
anterior tibial tuberosity (TT) is marked. The distance between 
these two points is measured.

FH

PC

AA

PC

FN

a)

b)

Fig. 5 Measurement of lower limb axial rotational alignment: a) 
femoral rotational alignment is measured calculating the angle 
between the line running through the centre of the femoral 
head (FH) and the centre of the femoral neck (Fn) and the 
posterior bi-condylar line (PC); b) tibial rotational alignment is 
measured calculating the angle between the tangent line to the 
posterior condyles (PC) and the axis of the ankle joint (AA).
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account for variations in the proximal extent of the ante-
rior trochlea. Therefore, several authors have suggested 
parameters that describe the overlap, or lack of it, between 
the patellar and trochlear articular surfaces, defined as 
‘engagement’.

Patellar engagement

Sagittal patellofemoral engagement index (Fig. 7a):14 this 
is an engagement index of the patella that is calculated 
with MRI sagittal cuts. This index, which aims to evaluate 
the functional engagement of the patella with the femoral 
trochlea, is believed to serve as a supplementary tool to 
existing methods of evaluating patellar height, helping to 
identify the cases with inadequate engagement despite 
the absence of patella alta.

Axial engagement index (AEI) (Fig. 7b):15 this is a 
new index of measurement for lateral patellar dis-
placement and is a direct reflection of this entity. 
Measurement of AEI can be obtained with two differ-
ent axial MRI views, using the cartilaginous and poste-
rior condylar landmarks as references. The normal 
value is close to one, while lower values indicates 
more severe forms of objective patellar instability and 
are correlated with trochlear dysplasia with increased 
trochlear prominence.

Biomechanics of dysplasia
In classical mechanics, stability is defined as ‘a property of 
a body that resists displacement away from the stable 
position of equilibrium where all forces are in balance’. 
According to Amis,16 stability in the patellofemoral joint 
may be described based on the amount of force required 
to displace the patella a given linear distance away from 
its equilibrium position (a translation), or even as the 
turning moment needed to induce a given rotation, such 
as a lateral tilt.17 This stability is influenced by static and 
dynamic structures, such as geometry of the trochlear 
groove, limb alignment and rotation, and medial soft tis-
sue and vastus medialis muscles. However, when we 
refer to ‘patellofemoral dysplasia’, we mainly focus our 
attention on the osseous patellar, femoral and tibial 
abnormalities.

The main anatomical feature that influences patello-
femoral stability, and which is altered in the dysplastic 
joint, is the geometry of the trochelar groove; in fact, the 
depth and steepness of the slopes of the articular facets 
affects the imbalance forces necessary to induce subluxa-
tion or even dislocation. normally, a well-shaped trochlea 
has a different cross-section along its length, with a lateral 
facet height decreasing from proximal to distal, when the 
patella moves distally with knee flexion. This shape is 
functional for the forces acting during knee movement, as 
the quadriceps muscle tension and the patellar tendon 
tension that combine to produce a resultant force vector 
directed posteriorly on the patella, increases from exten-
sion to flexion, stabilising the patella into the trochlear 
groove (Fig. 8a). Moreover, knee flexion produces an 
internal tibial rotation that medialises the tibial tubercle 
and patellar tendon insertion and decreases the coronal 
angle between the lines of action of the patellar tendon 
and of the resultant force of the quadriceps muscle, also 
known as the ‘Q-angle’ (Fig. 8b). Therefore, full extension 
represents a biomechanical disadvantageous condition 
for patellar stability, due to the minimal posteriorly 
directed stabilising force and an increased ‘Q-angle’ which 
tend to displace the patella laterally. For these reasons, 
trochlear geometry and lateral facet shape represent 
important features for patellar stability in the first degrees 
of flexion. When the knee is fully extended the patella is 
not engaged with the trochlea and rather lies proximally 
to it; therefore, in this position, patellar stability depends 
only on the soft tissues. When the knee starts to flex, the 
initial contact is centred at the distal/lateral edge of the 
patellar articular surface, which bears against the proxi-
mal/lateral extremity of the trochlea. Thus, in early flexion 
there is a mechanism to ‘catch’ the patella, that shifts 
medially into the centre of the trochlear groove. In the 
process of flexion the contact area moves proximally 
across the patella, that remains in congruent contact with 

AP
LP

LT

AT

Insall-Salvati:
LT/LP

Caton-Deshamps:
AT/AP

Fig. 6 Evaluation of patellar height: a) the Insall-Salvati ratio is 
measured on a true lateral radiograph with the knee at 30° of 
flexion, as the ratio between patellar tendon length (LT) and the 
length of the patella (LP); b) similarly, the Caton-Deshamps ratio 
is measured as the ratio between the distance from the lower 
pole of the patella to the upper limit of the tibia (AT) and the 
length of the patellar joint surface (AP).
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the lateral trochlear facet or the condyle throughout the 
range of knee flexion. This maintains the stability against 
lateral displacement.

It is therefore easy to understand that a flat trochlea 
without a prominent lateral facet lacks an indispensable 
restraint that can predispose the patella to lateral dis-
placement. This has been confirmed in cadaveric models, 
where a trochlear dysplasia was simulated by elevating 
the central groove.18 Such a condition reduced the force 
needed to displace the patella laterally up to 50% com-
pared with a normal joint, especially at 30° of flexion. 
Moreover, flattening the lateral trochlea has been dem-
onstrated to cause a greater loss of patellar stability than 
dysfunction of vastus medialis obliquus or rupture of the 
medial retinacula across most of the arc of knee flexion. 
However, the lateral stability in an extended knee has 
been reported to be controlled principally by the medial 
retinacular soft-tissues.19

Also the kinematic behaviour of the four different types 
of patellofemoral dysplasia has been tested in a cadaveric 
model, simulating the dysplastic trochlea with three-
dimensional printed specimens inserted in the human 

joint.20 Increased patellar lateral tilt, lateral tracking and 
external rotation were found in the dysplastic models 
compared with the normal joint, especially for type D 
dysplasia in open-chain activity simulation. Also, an 
increased patellofemoral pressure and a reduced patello-
femoral contact area were reported in trochlear dysplasia, 
more pronounced in B and D types. Finally, a 100 n lat-
eral force tended to displace the patella 4 mm more in 
dysplastic models compared with the normal joint, espe-
cially at 20° of flexion. Similar findings were reported in 
vivo with a combined MRI and fluoroscopic evaluation of 
patellar tracking during weight-bearing knee flexion.21 
The authors reported a significant correlation between 
trochlear geometry and lateral patellar shift and tilt.

Medio-lateral location of the tibial tubercle and patellar 
tendon insertion have been demonstrated to alter patello-
femoral kinematics as well. Cadaveric models that lateral-
ised the tibial tubercle by 15 mm registered an increase of 
lateral joint contact pressure, lateral patellar tracking and 
reduced patellar stability after the application of a laterally 
directed force, especially in early flexion before the patella 
engaged with the trochlear groove.22

PL
PL

TL

TL

L

PC

Sagittal Patellofermoral
Engagment Index: TL/PL

Patellofermoral Axial
Engagment Index: TL/PL

T
M

a) b)

Fig. 7 Sagittal patellofemoral engagement (SPE) index measurement: a) the SPE index is measured using a sagittal MRI view, 
with the knee in full extension. The first cut is determined where the patella shows the longest articular cartilage. On this image, a 
patellar length (PL) line is drawn, that measures the entire length of the patellar articular cartilage. The second cut is selected where 
the femoral trochlear cartilage extends most proximally. On this slice, the PL line copied from the first cut, is inserted. A second line 
is then drawn parallel to the PL, which starts from the most proximal articular trochlear cartilage and finishes at the distal end of the 
PL, providing the trochlear length (TL) line. The SPE is calculated as the ratio between TL and PL. b) Axial engagement index (AEI) 
measurement: the AEI is measured using an axial MRI view, with the knee in full extension. The first cut is chosen where the lateral 
border of the trochlea is largest; the posterior bi-condylar line (PC) is drawn. A perpendicular line (T) to the PC line is drawn passing 
from the most lateral point of lateral trochlear border. A second cut is chosen where the patella is widest; after transferring the BC 
in this slice, a perpendicular line (M) is drawn passing the most medial part of the patellar cartilage. The distance (TL) between 
the line T and M is measured. The distance (PL) between most lateral point of the patellar cartilage (L) is measured. The AEI of the 
patella is equal to LP/LT.
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Patellar dislocation and risk of recurrence
The average annual incidence of primary patellar disloca-
tion has been reported to be 5.8 cases per 100 000, and 
the rate is higher for younger and more active popula-
tions.23 Risk factors for primary patellar dislocation, 
although extensively investigated, remain controversial. A 
cross-sectional study comparing demographic and ana-
tomical features of 103 skeletally immature patients with 
lateral patellar dislocation with a matched control group 
addressed some important points.24 Overall, 96% of 
patients with patellar dislocation presented at least one 
anatomical abnormality among trochlear dysplasia (troch-
lear depth < 3 mm), abnormal patellar tilt (> 20°), 
increased TT-TG distance (> 15 mm) or patella alta (Caton-
Deshamps Index > 1.2) compared with 42% of the control 
group. Specifically, 17% of the patellar dislocation group 
had all four instability factors, 27% had three, 35% had 
two and only 17% had one abnormality, with trochlear 
dysplasia the most recurrent one and increased TT-TG 
never present as an isolated abnormality. Furthermore, 
based on these findings, a patellar tilt > 15° was suggested 

as the parameter with highest sensitivity and specificity 
(Table 1).

Anatomical abnormalities and especially trochlear dys-
plasia were reported as risk factors for recurrence of patel-
lar dislocation as well. A cohort study that prospectively 
followed 312 patients with primary patellar dislocation 
reported an overall recurrence rate of 29.8%, with the sec-
ond episode occurring at an average of 16.5 months after 

Quad 30°

Quad force

Q-angle at 90° Q-angle at 0°

Tibial
internal
rotation

Quad 90°

Force 90°

Force 30°

TT at 0° TT at 0°Patellar Tendon

a) b)

Fig. 8 Patellofemoral biomechanics during knee flexion: a) in the sagittal plane the quadriceps muscle tension and the patellar 
tendon tension combine to produce a resultant force vector directed posteriorly on the patella; this force vector is minimal in the first 
degrees of flexion (force 30°), while increasing progressively at higher degrees of flexion (force 90°), stabilising the patella into the 
trochlear groove. b) In the coronal plane, the angle between the force of the quadriceps muscle and the line of action of the patellar 
tendon is known as ‘Q-angle’. This tends to increase from knee flexion, where the tibia internally rotates ‘medialising’ the tibial 
tubercle (Q-angle at 90°), to full extension, where the tibia externally rotates ‘lateralising’ the tibial tubercle (Q-angle at 0°). A higher 
‘Q-angle’ represents a disadvantageous condition for patellar tracking. TT, tibial tuberosity.

Table 1. Anatomical risk factors for lateral patellar dislocation

  Sensitivity Specificity Odd Ratio

Patellar tilt > 20° 0.50 1.00 97.79

Patellar tilt > 15°* 0.81 0.93 –

TT-TG > 15 mm 0.38 0.90  5.40

TT-TG > 11 mm* 0.72 0.70 –
Trochlear depth < 3 mm* 0.75 0.96 61.93
Sulcus angle > 145° 0.75 0.88 22.58
Caton-Deshamps > 1.22* 0.72 0.69  5.50

* suggested threshold.

TT-TG, tibial tuberosity-trochlear groove.
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the primary event.25 The suggested risk factors were 
young age, sports-related primary injury, patella alta, skel-
etal immaturity and trochlear dysplasia. The latter, when 
present, was associated with a five-year risk of recurrence 
of 23.3%, that rose to 60.2% in patients < 25 years and 
further rose to 70.4% if patella alta was also present. In 
other words, isolated patella alta had a hazard ratio (HR) 
of 1.69, isolated trochlear dysplasia had a HR of 3.73 and 
the two combined increased the HR to 4.29. younger age, 
as previously outlined, represented a negative factor with 
an additional recurrence risk of 8% every year of age 
decrease. However, in this series, the gender did not play 
a significant role.

Management of lateral  
patellar dislocation
The correct management of primary and recurrent lateral 
patellar dislocation, especially in the case of patello-
femoral dysplasia, still represents a dilemma.

In the case of a first episode, conservative manage-
ment has been historically considered to be the treatment 
of choice due to the reported comparable results with 
surgical treatment.26 However, with improvement of bio-
mechanical and anatomical knowledge, coupled with 
refinement of surgical techniques, a recent meta-analysis 
reported a lower re-dislocation rate after surgical treat-
ment.27 Since other authors reported different results 
based on injury pattern,28 a tailored and patient-specific 
treatment should be attempted.

Generally, conservative treatment is reported to  
guarantee satisfactory results, especially in cases with no 
evident co-morbidities or concomitant injuries. Some 
period of immobilisation in extension is advised by  
placing the patient in an extension brace for a period of 
three to six weeks. Despite the lack of clear guidelines, 
immobilisation is followed by physical therapy or patient-
directed home therapy focused on range of motion,  
vastus medialis obliquus re-inforcement and gluteal 
musculature strength ening. An elastic or hinged brace 
can be helpful for proprioception and stability. However, 
conservative treatment has been reported to have a high 
failure rate in cases of patellofemoral dysplasia, which 
therefore indicates surgical management after repeated 
dislocations. Surgical treatment for the primary episode 
should be reserved mostly to selected cases with large 
displaced osteochondral fragments, osseous avulsion of 
the medial patellofemoral ligament (MPFL)29 and, accord-
ing to some authors,30 also those with MPFL injury at its 
patellar insertion. In this regard, different techniques of 
MPFL repair or reconstruction have been reported to deal 
with such situations. Traumatic dislocations with no 
underlying osseous abnormalities are deemed to per-
form effectively with MPFL reconstruction/repair.

When the initial conservative treatment fails, the man-
agement of recurrent lateral patellar dislocation presents a 
more precise decisional process, mainly based on anatomico- 
pathological abnormalities. According to a recent algo-
rithm proposed by Weber et  al,31 the main features to 
take into account are the skeletal maturity and the Dejour 
criteria of patellofemoral dysplasia (trochlear dysplasia, 
patella alta, TT-TG and patellar tilt). In the skeletally 
immature patient, femoral de-rotation osteotomies or 
hemi- epiphysiodesis are indicated for rotational (> 10° 
valgus with at least 12 months of remaining growth) or 
axial (excessive femoral anteversion) malalignment. Ana-
tomical MPFL reconstruction or non-anatomical Roux-
Goldthwait procedure in cases with concerns for physeal 
injury, are indicated in isolated MPFL lesions.

In the skeletally mature patient, tibial tuberosity medi-
alisation is indicated with a TT-TG > 20 mm, a distalisation 
in the case of patella alta and a deepening trochleoplasty 
when type B or D trochlear dysplasia is present or a lateral 
facet elevation in case of type C dysplasia. MPFL recon-
struction is advocated in cases with MPFL injury, a lateral 
release always in combination with other procedures is 
indicated in cases with patellar tilt > 20°, while de-rotation 
osteotomies are reserved for the cases of tibial external 
rotation or femoral anteversion.

The Rizzoli experience with patellofemoral 
dysplasia and instability
The treatment of patellofemoral dysplasia and instability 
have been a historical topic of clinical and basic research 
of the Sport Traumatology Department of the Rizzoli 
Orthopaedic Institute, Bologna, Italy.

In 1995, 16 patients with bilateral patellar instability 
were reviewed after a mean follow-up of 30 years after 
treatment,32 which was conservative in one knee and surgi-
cal with capsuloplasty according to Roux33 in the contralat-
eral knee. The authors reported only one recurrence in the 
operated knee, while in the contralateral non- operated 
knees dislocation episodes occurred, but decreased in fre-
quency with time. This behaviour was attributed to a 
remodelling occurring in the patella that acquired a con-
cave shape forming a new joint with the lateral femoral 
condyle. no significant differences in the clinical or radio-
graphic results between the operated and non-operated 
joints, and no correlations between the two outcomes 
were reported. Half of the patients of this series presented 
major anatomical abnormalities such as a flat trochlea or 
excessively lateralised patella. In these cases, the outcomes 
which resulted were inferior compared with patients with 
less severe dysplasia. It was therefore suggested that con-
servative treatment should be the first treatment option 
and that a soft-tissue procedure could not be completely 
effective in the cases of severe patellofemoral dysplasia.
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In 2003, the clinical and radiographic results of an orig-
inal procedure were reported.34 The procedure, which 
combined the medialisation of the medial third of the 
patellar tendon to the classical Elmslie-Trillat (medialisa-
tion of the whole anterior tibial tuberosity and patellar 
tendon), was performed in 18 knees and evaluated at five 
years of follow-up. Satisfactory results were reported in 
88% of cases, with radiographic evidence of patellar medi-
alisation/distalisation and no progression of patello-
femoral osteoarthritis. However, the cases with severe 
dysplasia, which required a deepening trochleoplasty, 
showed the worst radiographic results.

After ten years, the results of the isolated medialisation 
of the medial third of the patellar tendon, named medial 

patellotibial ligament (MPTL) reconstruction (Fig. 9), were 
reported.35 The 27 patients evaluated at 6.1-year follow-
up had no dislocations in 86% of the cases. Two of the 
four failures were represented by patients with bilateral 
type D patellofemoral dysplasia, which had not under-
gone concurrent trochleoplasty due to their young age 
(11 years) and skeletal immaturity. The other patients with 
severe dysplasia who underwent concurrent trochleo-
plasty showed comparable results with those that under-
went the isolated procedure. This confirmed the efficacy 
of combined distal re-alignment and correction of troch-
lear depth for the treatment of complex patellofemoral 
abnormalities.

More recently, the interest of the research community 
moved to the study of the MPFL, since it is considered the 
main soft-tissue restraint to lateral patellar displacement 
in the first degrees of flexion, and its rupture has been 
described in almost every case of patellar dislocation.36

An anatomical and biomechanical study37 showed how 
the MPFL has an aponeurotic nature and works as a 
restraint to lateral dislocation during knee motion (Fig. 
10a). However, its role is active predominantly during 
high stress on the lateral side while its contribution is small 
during neutral knee flexion. Despite the useful insights on 
MPFL reconstruction, no information was provided 
regarding the potential effect of patellofemoral dysplasia 
since the cadaveric model consisted of cadavers with a 
normally shaped trochlea.

The biomechanical effect of MPFL reconstruction was 
investigated in another cadaveric study.38 The authors 
reported that patellar stability, in terms of lateral patellar 
translation and patellar tilt, was comparable to intact 
MPFL after reconstruction, but the normal kinematics of 
the original fan-shaped MPFL were not reproduced with 
the tubular graft and the femoral bone tunnel fixation. It 

Fig. 9 Surgical steps of medial patellotibial ligament (MPTL) 
reconstruction: a) the patellar tendon is incised to isolate its 
medial third, which should be detached with a tibial tuberosity 
bone plug; b) the bone plug is fixed on the medial tibia with a 
metal screw, anteriorly to the medial collateral ligament (MCL).

Fig. 10 Medial patellofemoral ligament (MPFL) anatomy and reconstruction. Anatomical specimen showing shape and insertions of 
the MPFL: a) schematic drawing of MPFL reconstruction with fascia lata allograft and b) fixation with anchors and metal screw.
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was therefore suggested that it could be difficult to fully 
reproduce the biomechanics of the natural ligament 
throughout the whole range of knee motion, even in vitro 
on knees with no additional osseous pathology, because 
of the different shape and width of the tubular grafts cur-
rently used for repairing the MPFL.

For these reasons, the senior author (SZ) developed a 
personal minimally invasive surgical technique of MPFL 
reconstruction, using a fan-shaped fascia lata allograft fixed 
to the femur with an interference screw and to the patella 
with metal39 (Fig. 10b). The effect of this technique was 
evaluated in a cadaveric model, showing no differences of 
patellar tracking and stability compared with the intact 
MPFL condition.40 Altered kinematics and stability, with 
increased medial tilt, peak pressure and patellar medicalisa-
tion, were observed when the graft was over-tensioned or 
fixed in a non-anatomical femoral position.

However, despite the biomechanical importance of the 
MPFL, its reconstruction should not be considered as the 
‘panacea’ for all the patellofemoral instabilities. In fact, a 
recent meta-analysis reported a higher rate of recurrence 
in patients with severe trochlear dysplasia that underwent 
isolated MPFL reconstruction compared with trochleo-
plasty and extensor balancing.41

In 2016, patellofemoral dysplasia still represents an 
extremely challenging condition to manage. Its contro-
versial aetiology and its complex biomechanical behav-
iour continue to pose more questions than answers to the 
research community, which is reflected in the lack of 
universally accepted guidelines for the correct treat-
ment. However, due to the complexity of this condition, 
an extremely personalised approach should be reserved 
for each patient, aiming to consider and address the ana-
tomical abnormalities responsible for the symptoms.
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