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Lateral dislocations of the patella are frequent injuries in sports-
active adolescents and young adults.1 The patellofemoral joint is
stabilized bya complexmultifactorial relationship of the osseous
joint geometry and the force vectors resulting from the quadri-
ceps muscle and capsuloligamentous stabilizers.2–4 For appro-
priate treatment planning, the radiologic work-up after an
episode of lateral patellar dislocation should assess both the
injuries of the knee and the individual anatomical risk factors for
patellar instability.1,3,5–7

Dejour et al provided reference values for imaging analysis of
four major risk factors for patellar instability: patella alta,
trochlear dysplasia, increased tuberosity to the trochlear groove
(TTTG) distance, and abnormal lateral tilt of the patella.3,6,8

Additional anatomical risk factors for patellar instability are an
insufficient medial patellofemoral ligament (MPFL), torsional
limbmalalignment, and genu valgum.5,9–11 Conventional radio-
graphs, computed tomography (CT), andMRI enable quantifica-
tion of these predisposing anatomical risk factors for patellar
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Abstract This review article presents several pitfalls and limitations of image interpretation of
anatomical risk factors for patellar instability. The most important imaging examina-
tions for the work-up of patients with patellar instability are the true lateral radiograph
and transverse computed tomography (CT) or MR images of the knee. Primary
anatomical risk factors are an insufficient medial patellofemoral ligament (MPFL),
patella alta, trochlear dysplasia, increased distance from the tibial tuberosity to the
trochlear groove (TTTG), and torsional limb parameters.
Limitations of the Caton-Deschamps index are related to the clear identification of the
patellar and tibial articular margin. Classification of trochlear dysplasia according to the
Dejour system on radiographs and MR images revealed a weak reliability. The
comparability of TTTG values obtained on CT and MR images at various flexion angles
and different varus alignments of the knee is limited. Thus MRI performed with a
dedicated knee coil may underestimate the TTTG distance compared with CT images.
Increased lateral patellar tilt is a consequence of primary anatomical risk factors rather
than an independent anatomical risk factor for patellar instability. The pretest likelihood
of a torn MPFL on MR images is very high after an acute episode of lateral patellar
dislocation.
Surgical restoration of the patellofemoral joint stability addresses the complex multi-
factorial biomechanics by a custom-made management such as MPFL reconstruction,
sulcus-deepening trochleoplasty, as well as medialization and distalization of the tibial
tubercle.
Quantification of anatomical risk factors for patellar instability in each person is
important for highly individual treatment.
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instability.3,6,9–12 Surgical restoration of the patellofemoral joint
stability addresses the complexmultifactorial biomechanics bya
tailored treatment such as MPFL reconstruction, release or
lengthening of the lateral patellar retinaculum, medialization
and distalization of the tibial tubercle, sulcus-deepening troch-
leoplasty, and rarely femoral derotation osteotomy.6–8,13,14 This
review article presents several pitfalls and limitations in the
analysis of anatomical risk factors for patellar instability.

Patellar Height

Patella alta, or high-riding patella, is a major risk factor for
recurrent lateral patellar dislocations.3,8 The trochlear groove is
the most important osseous stabilizer of the patellofemoral
joint.1 The patella slips into the trochlear groove at� 20 degrees
of knee flexion.1,15 A high-riding patella requires higher flexion
angles of the knee to slide into the trochlear groove and covers a
higher range of motion without osseous stabilization of the
trochlear groove.1,5 Numerous quantification techniques on
radiographs were proposed for the diagnosis of a high-riding
patella.16–21 The fourmost popular patellar heightmeasurement
techniques are the Insall-Salvati, Grelsamer-Meadows, Caton-
Deschamps, and Blackburne-Peel indexes.21 Dejour and Le
Coultre stated that any patellar height index can be used;
however, the Caton-Deschamps index became the preferred
standard for the Lyon school of knee surgery (►Fig. 1).6,8 A

main advantage of the Caton-Deschamps and Blackburne-Peel
ratios is the ability to quantify patellar height changes after
osteotomy of the tibial tubercle (►Fig. 1).6 In addition, the
Caton-Deschamps index allows simple and reliable patellar
height measurements for various degrees of knee flexion,
different physical sizes of the knee, variable skeletal maturation,
patellar pole abnormalities, and unequal radiographic magnifi-
cations.6,13,22,23 Limitations of the Caton-Deschamps index are
related to the clear identification of the patellar and tibial
articular margin as well as its difficult application in osteoar-
thritic knees.21 The Caton-Deschamps index is determined by
the ratio of the distance between the lowest point of the patellar
articular surface and the anterior point of the tibial plateau as
well as the patellar articular length (►Fig. 1), whereas values
> 1.2 indicates a patella alta andvalues < 0.6 represent a patella
baja.6,17 However the suggested reference values for patella alta
and patella baja vary slightly in the literature.

The Insall-Salvati and Blackburne-Peel indexes on radio-
graphs were compared with the corresponding values on CT
and MR images.24,25 A moderate inter-method reliability of
patellar height assessment was found for radiographs and CT
images as well as for radiographs and MRI for both indexes.25

The results show that reference values for patella alta and baja
based on radiographs cannot be directly applied on CT and
MR images.3 The authors suggested the addition of 0.09 to
0.13 to the so far established cut-off values derived from
conventional radiographs for the diagnosis of patella alta and
baja on CT and MRI images.25

Trochlear Dysplasia

Trochlear dysplasia is considered a developmental anomaly
and is one of the most important risk factors for lateral
patellar dislocation.3,5 A decreased depth, a flat or even a
convex trochlear surface characterizes trochlear dysplasia
(►Figs. 2–6).3,8,9 Trochlea dysplasia can be diagnosed and
classified according to the four types of David Dejour classifi-
cation by the so-called crossing sign, a reference line along the
anterior cortical border of the distal femur, the supratrochlear
spur, and the double-contour sign on true lateral
conventional radiographs, axial conventional radiographs,

Fig. 1 (a) Caton-Deschamps index of 1.35 on the radiograph indicates a
patella alta. (b) Corresponding Caton-Deschamps index was 1.41 on the
sagittal intermediate-weighted MR image. Patellar height ratios on MR and
computed tomography images are typically slightly higher than patellar
height ratios on conventional radiographs (reference 25). (c, d) The 6-week
postoperative follow-up radiographs show typical postoperative findings after
sulcus-deepening trochleoplasty (arrow, c), medialization and distalization of
the tibial tubercle (c, arrows, d). A clear reduction of the patellar height and
Caton-Deschamps index was achieved. Medial patellofemoral ligament re-
construction was also performed on this knee.

Fig. 2 Normal trochlea. (a) The radiopaque line on radiographs (black
arrows) representing the sulcus of the femoral trochlea in a normal
developed trochlea is located more posteriorly compared with the
femoral condyles (white arrows) on true lateral radiographs. (b) The
normal trochlear sulcus (white arrow) is concave on transverse cross-
sectional images (fat-suppressed intermediate-weighted MR image).
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and midsagittal and transverse CTor MR images, respectively
(►Figs. 2–6).3,8,9,26,27

The radiopaque line on radiographs representing the
sulcus of the femoral trochlea in a normal developed trochlea
is located more posteriorly compared with the femoral con-
dyles on true lateral radiographs (►Fig. 2).8,9 A crossing sign
defines trochlear dysplasia and is present if the line of the
trochlear sulcus crosses the anterior outline of the femoral
condyles on true lateral radiographs (►Figs. 3 and 5).8,9 The
location of these crossing lines represents a flattened trochlea

and indicates the shallowest part of the trochlear sulcus
(►Figs. 3 and 5).

Two imaging findings differentiate between trochlear
dysplasia Dejour type B, C and D.8,9 These findings are the
supratrochlear spur (also called supratrochlear bump) and the
double-contour sign (►Figs. 1, 6).8,9 The supratrochlear spur
sign indicates an osseous prominence of the proximal part of
the femoral trochlea, which is present if the height is � 3 mm
measured from a reference line along the anterior cortical
border of the distal femur on true lateral radiographs.3 This
reference line is usually anterior in relation to the sulcus of the
trochlea in normal femoral trochlea (� 0.8 � 2.9 mm).3 The
double-contour sign on lateral knee radiograph refers to a
hypoplastic medial trochlear facet that represents a pro-
nounced asymmetry of the height of the medial and lateral
trochlear facets (►Figs. 5 and 6).8,9 The double-contour sign of
the hypoplastic medial trochlear facet on lateral knee radio-
graphs is located posteriorly to the radiopaque line of the
lateral trochlear facet (►Figs. 1, 5, and 6).8,9

Transverse CT or MR images in patients with trochlear
dysplasia demonstrate a flattening or even an absent trochlear
sulcus thatmight be assessed subjectively by the overall impres-
sion of the trochlear shape, by an trochlear sulcus angle > 145
degrees, or a trochlear depth�3 mm on a transverse MR image
3 cm proximal to the femorotibial joint space.8,9,27 A marked
ventral trochlear prominence� 7 mmwitha step-like transition
zone between the anterior femoral cortex and the most ventral
point of the trochlear floor on midsagittal MR images is an
accurate criterion for trochlear dysplasia.27 A specific finding for
trochlear dysplasia is a nipplelike anterior prominence at the
most anterior and proximal part of the femoral trochlea on
midsagittal MR images.27

True lateral radiographs revealed a higher diagnostic
accuracy and are more reliable for the diagnosis of trochlear
dysplasia compared with axial radiographs obtained at
30 degrees of flexion of the knee (►Figs. 2–7).26 True lateral
radiographs allow assessment of the whole length of the
trochlea. In contrast the evaluation of the trochlea on axial
radiographs is limited to the small area viewed tangentially.26

The diagnostic accuracy of trochlear dysplasia is influenced
by the degree of knee flexion. Axial views frequently enable
radiologic assessment of the trochlea in its distal part,

Fig. 3 Trochlear dysplasia type A according to Dejour. (a) Delineation
of the crossing sign (arrow) on true lateral radiographs and (b) a
shallow femoral trochlea (arrow) on transverse computed tomography
or MR images (fat-suppressed intermediate-weighted MR image)
defines trochlear dysplasia type A. Nevertheless, the trochlea should
still be concave and symmetrical.8,9

Fig. 4 Trochlear dysplasia type B according to Dejour. (a) The
presence of the crossing sign and a supratrochlear spur on lateral
radiographs (arrow) in combination with a (b) flat or convex trochlea
defines trochlear dysplasia type B (arrow).8,9

Fig. 5 Trochlear dysplasia type C according to Dejour. (a) Coexistence
of the crossing sign (white arrow), the double-contour sign (black
arrow), absence of the supratrochlear spur on lateral radiographs, a
convex lateral facet, and a hypoplastic medial facet (white arrow, b)
represent type C dysplasia.8,9 Black arrow on (b) points to an osseous
avulsion of the medial patellofemoral ligament.

Fig. 6 Trochlear dysplasia type D according to Dejour. (a) The
presence of the crossing sign, a supratrochlear spur (white arrow), the
double-contour sign (black arrow) on lateral radiographs and a distinct
asymmetry of the height of the medial (black arrow on b) and lateral
trochlear facets, the so-called cliff-like pattern (white arrow on b)
defines type D dysplasia.8,9
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whereas trochlea dysplasia is always located in the proximal
part of the trochlea.26 Greater flexion angle of the knee on
axial views delineate the more distal portion of the trochlea.9

Thus a maximum knee flexion of 45 degrees was suggested

for axial conventional radiographs.9 Based on our experience,
kneeflexion angles� 30 degrees on axial views are difficult to
realize due to a superimposition of the knee and feet in lower
knee flexion angles.

An appropriate positioning to obtain a true lateral radio-
graphs is crucial for the diagnostic accuracy of trochlear dyspla-
sia.28 It was shown that a rotation deviation of 5 degrees of the
distal femur can already cause false-positive or false-negative
diagnosis of trochlear dysplasia in normal shaped and dysplastic
femoral trochleae, respectively.28 Thus superimposition of the
femoral condyles posteriorly is a good quality criterion for a true
lateral radiograph and seems to be mandatory to diagnose and
classify trochlear dysplasia correctly on lateral radiographs.28

Dejour’s four-type trochleardysplasia classification revealeda
fair intraobserver and interobserver agreement on lateral knee
radiographs and transverse MR images.29 The inter-method
agreement for Dejour four-type trochlear dysplasia classification
between lateral knee radiographs and transverse MR images
was also only fair.29 It was also shown that lateral radiographs
underestimate the degree of trochlear dysplasia according the
Dejour classification compared with transverse MR images.29

Quantitative parameters such as the depth of the trochlear
groove, condyle asymmetry, trochlear facet asymmetry,
lateral trochlear inclination, lateralization of the patella, the
height of the medial and lateral condyle, and the central
trochlear height in relation to the width of the distal femur
were evaluated on MR images to discriminate a normal and a
dysplastic trochlea.30 The authors found that these quantita-
tive measurements on MR images are of limited value for the
assessment of trochlear dysplasia.30 In addition, measure-
ments on transverse MR images of the femoral trochlea were
not reliable to classify trochlear dysplasia type B, C, and D
according to Dejour.30 The weak reliability in classification of
trochlear dysplasia according to Dejour on radiographs and
on CT and MR images suggest inconsistent treatment plan-
ning and a limited comparability of clinical outcomes in
studies addressing trochlear dysplasia.

Tuberosity to the Trochlear Groove Distance

An increased lateralization of the tibial tubercle in relation to
the trochlear groove lateralizes the force vector of the exten-
sor mechanism of the knee. Lateralization of the tibial tuber-
cle in relation to the trochlear groove can be quantified as the
TTTG distance. The TTTG distance measurements were ini-
tially described onplain radiographs; today the TTTGdistance
is measured on CT andMR images.3,31,32 It was shown that an
increased lateralized TTTG distance is an important risk factor
in lateral patellar dislocations, which may be surgically
corrected by an osteotomy and subsequent medial transfer
of the tibial tubercle (►Figs. 1 and 8).3,5,33–35 Conventional
axial radiographs at 30 degrees of knee flexion revealed a
largemeasurement error for the TTTG distance quantification
compared with CT images.36 Thus conventional axial radio-
graphs are not appropriate anymore for TTTG distance meas-
urements.36 In contrast, cross-sectional modalities, either CT
or MRI, are suitable for measurement of the TTTG distance32:
The following TTTG distance measurement technique is used

Fig. 7 (a–e) Normal trochlea and trochlear dysplasia types A, B, C, and
D on axial radiographs. This image series demonstrates the limited
value of axial radiographs for the reliable diagnosis and classification of
trochlear dysplasia. Thus diagnosis of trochlear dysplasia should be
based on true lateral radiographs and transverse computed tomog-
raphy or MR images. The radiographs are from the same patients as
Figs. 2–6.

Fig. 8 Increased femoral antetorsion of 39 degrees (¼ 43 degrees on
[a] minus 4 degrees on [b]) and increased tuberosity to the trochlear
groove (TTTG) distance of 22 mm (c, d). Femoral antetorsion and TTTG
measurements are obtained in hip and knee extension as described in
the text and references 37, 74, and 75. These strictly transverse MR
images over the proximal femur and knee are acquired by a fast
imaging MR technique (single-shot turbo spin-echo) with the following
parameters: femur: 25 sections per slab, 5 mm section thickness, 30%
intersection distance factor, 25 s acquisition time, spine matrix coil;
knee: 18 sections per slab, 5 mm section thickness, 50% intersection
distance factor, 25 s acquisition time, 18-channel body array flex coil.
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at our institution: First, themost distal cross-sectional section
with full cartilage coverage of the trochlear groove on trans-
verse MR images or the equivalent level on CT images with
continuous delineation of the trochlear cortex is selected.
The cross-sectional imagewith the patellar tendon proximate
to its insertion on the tibial tuberosity serves as the distal
reference image. The TTTG is measured as the distance
between the center of the patellar tendon at its tibial inser-
tion and a reference line through the deepest point of the
trochlear groove rectangular to the tangent along the poste-
rior femoral condyles.37 TTTG distance measurements on CT
and MR images revealed an excellent interobserver, intra-
observer, and inter-method reliability.32,38,39 However, a
broad range of TTTG threshold values between 15 and
20 mmor greater were proposed.3,5,33 This may be explained
by some differences of the measurement techniques in the
literature.37 For instance, TTTG values were acquired at vari-
ous flexion and extension degrees of the knee; however, it
was shown that the TTTG distance increases significantly in
the end-stage extension of the knee.37,40,41 The mean TTTG
values on MR images were 15.1 � 3.2 mm at full extension,
10.0 � 3.5 mm at 15 degrees flexion, and 8.1 � 3.4 mm at
30 degrees flexion in a well-balanced study cohort of asymp-
tomatic volunteers.37 Using the MR body coil with the knee
fully extended caused significantly higher TTTG values com-
pared with MR examinations with a dedicated knee coil
where the knee is slightly flexed.41 In addition, the dedicated
knee coil often causes a slight varus alignment of the lower
limb, which also explains in part the lower TTTG distances.39

As a consequence, the comparability of reported TTTG
distance values obtained on radiographs, CT, and MRI at
various flexion angles and varus alignment of the knee is
limited.37,39 In particular, MRI in a dedicated knee coil may
underestimate the TTTG distance compared with CT.42

Anatomical variances and trochlear dysplasia also plays a
crucial role in TTTG measurements: It was hypothesized that
the reference point of the trochlear groove in trochlear
dysplasia is more inferior lateral in comparison with normal
trochlear grooves.43 As a consequence the TTTG distance is
underestimated up to 3 mm in kneeswith trochlear dysplasia
compared with normal knees.43 Furthermore, a decreasing
inter- and intraobserver agreement was found with an
increasing severity of trochlear dysplasia.44

The center of the patellar tendon at its tibial insertion as a
soft tissue landmark is a more constant reference point and
provides a higher interobserver and intraobserver agreement
for TTTG measurements for surgical planning than its widely
used osseous counterpart, the most anterior aspect of the
tibial tubercle.45

Patellar Tilt

An easy and fast patellar tilt measurement on axial radiographs
is the lateral patellofemoral angle, formed by a line between the
femoral condyles anteriorly and a line between the margins of
the lateral facet of the patella (►Fig. 9).46 The lateral patellofe-
moral angle was open laterally in 97% and with parallel lines in
3% of 100 normal control patients on axial radiographs with a

knee flexion between 20 and 30 degrees. In contrast, the lateral
patellofemoral angle46 was open medially in 20% and with
parallel lines in 80% of patients with recurrent symptomatic
patellar subluxations.46

On transverse CT images, a reference line through the
transverse axis of the patella and a line tangential along the
femoral condyles posteriorly determine the lateral patellar
tilt angle (►Fig. 9).3,8 The mean lateral patellar tilt angle on
transverse CTwith the knee in extension without quadriceps
contraction was significantly higher in patients with patellar
instability (28.8 � 10.5 degrees) compared with the control
group (10 � 5.8 degrees). Quadriceps contraction increased
the lateral patellar tilt by a mean of 6 degrees in patients with
patellar instability, whereas the control group demonstrated
an increase of 1.5 degrees. The authors suggested a threshold
value of 20 degrees for lateral patellar tilt on transverse CT
images with the knee in extension without quadriceps con-
traction. Similar lateral patellar tilt characteristics on trans-
verse CT images with and without quadriceps contraction
were noted in further studies.47,48

Thus prominent lateral patellar tilt was assessed as amajor
anatomical risk factor for patellar instability.3,8,47 Extensor
apparatus insufficiency, in particular quadriceps dysplasia
and vastusmedialis dysplasia, was considered as the etiologic
factor of prominent lateral tilt in the past.3,8,47

However, the current literature has shown that increased
lateral patellar tilt is rather a consequence of an increased
TTTG distance, patella alta, trochlear dysplasia, insufficient
MPFL, and various flexion angles of the femorotibial compart-
ments than an independent anatomical risk factor for patellar
instability.40,49–57 In addition it was hypothesized58 that a
severe knee effusion could increase or diminish patellar tilt.

Finally, it has to be noted that a meta-analysis revealed
insufficient evidence to determine the reliability, validity,
sensitivity, or specificity of lateral patellar tilt as a radiologic
assessment parameter for patellar instability.59

Medial Patellofemoral Ligament

The MPFL is consistently found in anatomical dissection with a
meanwidth of 1.9 cmand amean length of 5.3 cm.60Most of the
MPFLfibers originate close to the adductor tubercle of the femur,
distal to the attachment of the adductor magnus tendon and
proximal to the origin of the medial collateral ligament.60 The

Fig. 9 Lateral patellar tilt on a radiograph compared with MRI. Normal
patellofemoral angle without pathologic lateral tilt on an axial radio-
graph at a knee flexion of 40 degrees. Severely increased lateral tilt on
the MRI obtained at a slight knee flexion. The lateral patellar tilt is
influenced by various flexion angles of the knee )reference 40, 49, and
57). The lateral patellar tilt is currently not considered an independent
anatomical risk factor for patellar instability.
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MPFL attaches at theproximal two thirds of themedialmarginof
the patella.60 A broad range in thickness and quality of theMPFL
was found.60 The MPFL has a close anatomical relationship with
contributing fibers from and to the posteromedial joint capsule,
the medial collateral ligament, the medial patellar retinaculum
as well as the quadriceps fibers, in particular the musculus
vastus medialis obliquus and the vastus intermedius.5,60 Thus
the femoral origin of the MPFL and the free distal edge of the
MPFL frequently cannot be clearly delineated in anatomical
dissections.60,61 In addition, the medial patellar retinaculum
and the MPFL blend at their patellar insertion and are often
difficult to differentiate from each other on routineMR images.5

The MPFL is the main medial passive stabilizer of the
patellofemoral joint at full extension of the knee and slight
flexion up to 20 degrees.2,61 A biomechanical study has
shown that the required force reduced by � 50% to displace
the patella laterally in a fully extended kneewith a torn MPFL
compared with a knee with an intact MPFL.2 This main
patellar-stabilizing function of the MPFL decreased promptly
as the knee flexed.2

Tears of the MPFL may occur in its midportion, at its
femoral or patellar attachment, or as combined MPFL tears
with several injured ligamentous parts. There are controver-
sial data about the most frequent location of a tear of the
MPFL. Some studies found more MPFL tears at the femoral
origin compared with the patellar attachment after lateral
patellar dislocation and vice versa.62–68 It was found that the
various MPFL injury patterns are related to trochlear dyspla-
sia, patellar height, and TTTG distance.64

It was hypothesized that insufficiency to the MPFL is a
precondition for an abnormal lateral patellar movement such
as in lateral patellar dislocation.61 The frequency of a partial
or completely torn medial patellofemoral ligaments after
acute lateral patellar dislocation varies between 78% and
100%; however, most studies reported an injured MPFL in
> 90%.62–66,68 The very high pretest probability of � 90% of a
partial or completely torn MPFL in patients with a history,
clinical and imaging findings of an previous acute lateral
patellar dislocations suggests that the therapeutic concept of
the orthopedic surgeon in patellar instability will be rather
influenced by the locally preferred standard indication
regarding MPFL reconstruction than by the MRI findings of
the MPFL.

Torsional Limb Alignment

Thirty patients with a history of recent patellar dislocation
demonstrated significant higher mean values compared with
asymptomatic volunteers for femoral antetorsion (20.3 � 10.4
degrees versus 13.0 � 8.4 degrees), knee rotation (9.4 � 5.0
degrees versus 5.7° � 4.3 degrees) and genu valgum
(0.81 � 0.75 mm versus � 0.28 � 0.87 mm) on MR images.11

The corresponding tibial torsion values did not differ signifi-
cantly.11 In addition, quantitative values for trochlear dysplasia,
patellar height, and TTTG distance served for the assessment of
standard anatomical risk factors for patellar instability andwere
comparedwith the torsional alignment values.11 These standard
anatomical risk factors did not correlate significantly with the

obtained torsional alignment parameters.11 The authors con-
cluded that torsional malalignment might be a so far under-
estimated primary risk factor in patellar dislocation.11

Gender-Specific Differences

Females, in particular between 10 and 17 years of age, have a
higher risk for patellofemoral instability.69 A 33% higher
frequency for acute patellar dislocations was reported in
female compared with male adolescents with a three times
higher risk for recurrent patellar dislocations.34,69 The higher
frequency for patellofemoral instability in females compared
with males diminishes by increasing age; however, a slight
female predominance persist in adults with a women-to-
men-ratio of 54 to 46% for first-time patellar disloca-
tions.34,69,70 Balcarek et al34 analyzed the distribution of
no-risk pivoting activities (e.g., swimming, cycling), low-
risk pivoting activities (e.g., hiking, jogging, dancing), and
high-risk pivoting activities (e.g., football, basketball, soccer)
for first-time patellar dislocations and found significant
gender differences. The authors reported that low-risk and
no-risk pivoting activities were more frequent in females
with first-time patellar dislocations, whereas high-risk pivot-
ing activities were more common in males. The authors also
found that trochlear dysplasia and the TTTG distance is more
pronounced in women who dislocate the patella compared
with men.34 Thus it was concluded that the more excessive
trochlear dysplasia and the higher TTTG distance in female
patients with patellar instability might contribute to an
increased risk of lateral patellar dislocations for females
compared with males.34

In contrast, the TTTG distance and the patellar height did
not differ significantly between males and females in the
overall study population of Balcarek et al consisting of 100
patients with lateral patellar instability and 157 patients
without patellar instability (p value ¼ 0.94).34

Current Therapeutic Concepts at Our
Institution

Patellar instability is multifactorial; thus imaging and thera-
peutic strategies have to address several anatomical variants
in patients with lateral dislocations of the patella.3,7,10,14,71

Conservative and operative treatment strategies for patellar
instability are highly individual.7

Recurrent symptomatic patellar dislocations are much
more frequent in patients with previous multiple patellar
instability episodes (49%) compared with first-time patellar
dislocation patients (17%).69 Thus a conservative therapy is
usually chosen for first-time patellar dislocation patients at
our institution.7 Conservative treatment includes physiother-
apy, bracing, weight reduction, and pain medication.7,71

In contrast, recurrent lateral patellar dislocations usually
undergo surgical interventions such as MPFL reconstruction,
sulcus-deepening trochleoplasty, and distalization and medial-
ization of the tibial tubercle.7,14 Lateral retinaculum release or
lengthening is an uncommon procedure for cases with patellar
tilting and the clinically diagnosed severe lateral patellar
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compression syndrome.7,14,72 The indication for femoral dero-
tation osteotomy is reserved for rare occasions.7,14

MPFL reconstruction is performed in most of the patients
with recurrent patellar dislocations.7 Distalization of the
tibial tubercle is done in patients with prominent patella
alta with a Caton-Deschamps index > 1.3 with a goal index
close to 1.0.Medialization of the tibial tubercle is indicated for
a TTTG distance � 20 mm.3,7,73 A TTTG distance �12 mm
should be achieved postoperatively.

Trochlear dysplasia severe type B and type D have showed
a significantly better subjective outcome comparedwith type
A and mild type B.14 Thus a stricter indication for trochleo-
plasty was accepted at our institution than is commonly
indicated for type D and severe type B trochlear dysplasia
and usually not for type A and mild type B.14 Type C can be
treated by trochleoplasty in cases with relevant dysmorphic
changes. Trochleoplasty also lateralizes the sulcus, which
indirectly corrects an increased TTTG distance by lowering
the lateral vector force of the patellar tendon.14 Thus addi-
tional medialization osteotomy of the tibial tubercle is less
frequently indicated in trochleoplasty patients.14

Summary

Themost important imaging examinations for thework-up of
patients with patellar instability are the true lateral radio-
graph and transverse CTorMR images of the knee. The pretest
likelihood of a torn MPFL on MR images is very high after a
lateral patellar dislocation. Increased lateral patellar tilt is
rather a consequence of primary anatomical risk factors than
an independent anatomical risk factor for patellar instability.
Radiologic reports should provide details about the individu-
al and independent main anatomical risk factors for patellar
instability such as patella alta, trochlear dysplasia, increased
TTTG distance, and torsional limb parameters.
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