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INTRODUCTION

Patellofemoral instability (PFI) encompasses a spectrum 
of diseases, ranging from mild maltracking to frank lateral 
patellar dislocation (LPD). LPD is relatively common, 
affecting 50 in 100000 children, with the first episode of 
dislocation generally occurring between the ages of 15 and 
19 years [1,2]. LPD is a debilitating condition with a rate 
of re-dislocation up to 70% after conservative management 
or physical therapy [3]. Medial patellofemoral ligament 
reconstruction is the most widely used surgical management 
[1,4]; however, complications, including re-dislocation, 
are observed in up to 16% of patients [5]. Furthermore, 
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subsequent surgery of the opposite non-surgically 
managed knee is required in one out of four patients [6]. 
The long-term risk of progressive cartilage damage and 
osteoarthritis (OA) after LPD is six times higher after the 
initial dislocation, placing many young patients at risk 
for OA in their 30s and 40s [7]. A lack of a comprehensive 
understanding of PFI is one of the major obstacles to 
restoring normal patellofemoral joint congruency. Multiple 
risk factors contributing to PFI have been identified, 
with improved diagnostic accuracy of MRI for PFI. The 
evaluation of these risk factors is a critical component of 
comprehensive assessment to determine the appropriate 
therapeutic approach. In this review, the risk factors for PFI 
and associated imaging findings are presented. Non-surgical 
and surgical approaches to the treatment of PFI and recent 
updates on pediatric PFI will also be reviewed.

Risk Factors 

The risk factors for PFI are divided into two major 
categories: anatomical and alignment anomalies. Femoral 
trochlear dysplasia is the most important anatomical 
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anomaly. Alignment anomalies include patellar alta, patellar 
lateral tilt, and subluxation. Patellofemoral malalignment 
occurs as a result of altered biomechanics due to medial 
stabilizer injury [8], increased Q angle, femoral anteversion, 
and lateralization of the patella tendon insertion. Risk 
factors for PFI are summarized in Figure 1 [9-12].

Femoral Trochlear Dysplasia
Femoral trochlear dysplasia is a major risk factor for 

PFI [13]. Trochlear dysplasia refers to deformity of the 
femoral trochlea such that the articular surface is flattened 
instead of concave, which results in loss of lateral patellar 
tracking and predisposition to lateral dislocation of 
the patella. The more severe forms of dysplasia have a 
hypoplastic medial femoral condyle with a convex-shaped 
trochlear surface. Trochlear dysplasia is a developmental 
anomaly that usually involves the bilateral knee joints. A 
true lateral knee radiograph may demonstrate a crossing 
sign or double contour sign, reflecting flat and convex 
trochlear grooves, respectively (Fig. 2) [14]. Four different 
morphological types of trochlear dysplasia were described 
by Dejour et al. [13] and included Type A: shallow sulcus 
with preserved trochlear morphological structure; Type B: 
flat with horizontal orientation of the trochlear surface; 
Type C: flat with obliquely oriented trochlear surface; and 
Type D: type C associated with prominent protrusion of 
the trochlea on parasagittal images described as a “cliff” 
pattern (Fig. 3). Axial and sagittal MRI enable accurate 
identification of the type of femoral trochlear dysplasia 
[15]. Several quantitative methods have been proposed 
to diagnose trochlear dysplasia, but the best diagnostic 

accuracy and reproducibility have been achieved with MRI. 
MRI can provide information regarding the subchondral 
bone, articular cartilage, and non-ossified epiphyseal 
cartilage, which is a unique feature in skeletally immature 
children. Lateral trochlear inclination angle, trochlear facet 
asymmetry, and trochlear depth are all important factors in 
determining femoral trochlear dysplasia [16,17]. 

Lateral Trochlear Inclination Angle
The lateral trochlear inclination angle is measured on 

the axial image. The superior section, showing the articular 
cartilage of the femoral trochlea, is selected. The angle 
between the line tangential to the articular surface of 
the lateral trochlear facet and the line tangential to the 
posterior aspect of the medial and lateral femoral condyles 
is measured (Fig. 4, red line) [6,18]. An inclination angle 
of < 11 degrees is an indication of trochlear dysplasia (93% 
sensitivity and 87% specificity) [17]. 

Trochlear Facet Asymmetry
Trochlear facet asymmetry is measured on the same axial 

image used to measure the lateral trochlear inclination 
angle. It is the ratio of the length of the medial trochlear 
facet (M) to that of the lateral trochlear facet (L) (Fig. 4, 
yellow line) [6,18]. A trochlear facet ratio < 0.4 (40%) is 
an indication of trochlear dysplasia (100% sensitivity and 
96% specificity) [17]. 

Trochlear Depth
Trochlear depth is also measured on the same axial image 

used to measure the lateral trochlear inclination angle. A 

Fig. 1. Risk factors for patellofemoral instability. MPFL = medial patellofemoral ligament, TT-TG = tibial tubercle-trochlear groove
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Fig. 2. Normal knee and femoral dysplasia with cross sign and double contour sign. A normal 7 year old female.
A. Lateral view of the knee radiograph demonstrates normal alignment of the lateral (blue) and medial (red) ridges of the condyle and the 
deepest portion of the trochlear groove (green). The contour of the trochlear groove (green) does not intersect the contour of the medial (red) 
or lateral femoral condyle (blue). B. Proton density axial MR image demonstrating a normal femoral trochlear groove. The deepest portion of 
the trochlear groove (green) is deep to the medial (red) and lateral (blue) ridges of the condyle. C, D. An 18-year-old female with acute patella 
dislocation with cross sign. C. Lateral view of the knee radiograph demonstrates intersection (arrow) of the contour of the lateral femoral condyle 
and that of the trochlear groove with “cross sign.” An incidental finding of the trochlea beak/spur is shown (arrowhead). D. Proton density axial 
MR image demonstrates a flat trochlear groove with medial (red) and lateral (blue) ridges and the deepest portion of the trochlear groove (green) 
at the same level. E, F. A 17-year-old male with recurrent patellar dislocation with a cross sign and double contour sign. E. Lateral view of the 
knee radiograph demonstrating a “double contour sign” formed by a significantly smaller medial femoral condyle (arrowheads). More inferiorly, 
the contour of the lateral femoral condyle is intersected by that of the trochlear groove with “cross sign” (arrow). F. Proton density axial MR 
image demonstrating medial femoral condyle hypoplasia (red dashes) with a convex-shaped trochlear groove. The deepest portion of the trochlear 
groove (green) is above the medial (red) and lateral (blue) ridges of the femoral condyle.
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line tangential to the posterior aspect of the medial and 
lateral femoral condyles is used as a reference line. Trochlear 
depth is calculated from the formula ([A + C]/2) - B where 
“A” is the length of a perpendicular line between the medial 
trochlear facet and the reference line, “C” is the length of 
a perpendicular line between the lateral trochlear facet and 
the reference line, and “B” is the length of a perpendicular 
line between the deepest portion of the sulcus and the 
reference line (Fig. 4, blue line) [6,18]. A trochlear depth of 
< 3 mm indicates trochlear dysplasia (100% sensitivity and 

96% specificity) [17]. 

Alignment Anomalies

Patella Alta
Patella alta, or high-riding patella, is a normal variant 

that may be seen incidentally in the asymptomatic 
population [19] but is a contributing factor for PFI when 
associated with other risk factors. A higher-riding patella 
requires more flexion of the knee to be engaged in the 

Fig. 3. Classification of trochlear dysplasia on magnetic resonance images.
A. Type A dysplasia. Axial T2 with fat suppression image demonstrating a shallow trochlear groove, but the trochlear structures (dashes) are 
maintained. B. Type B dysplasia. Axial T2 with fat suppression image demonstrating almost flat (dashes) and horizontally oriented trochlear 
surfaces. C. Type C dysplasia. The axial proton density image demonstrates a flat and obliquely (dashed) oriented trochlear surface. D. Type D 
dysplasia. Parasagittal proton density image demonstrating prominent bone protrusion (arrow). Lipohemarthrosis with lipid (black asterisk) fluid 
level (white asterisks) was identified.

A

C

B

D



678

Kim et al.

https://doi.org/10.3348/kjr.2021.0577 kjronline.org

trochlea than a normally positioned patella. At lower 
degrees of knee flexion, this results in a reduction of the 
contact area between the patella and the trochlea, and 
increased PFI. A higher incidence of patellar alta (up to 
50%) is observed on radiographs in patients with PFI 
[20,21]. On plain radiographs, the patellar alta is measured 
based on the bony landmarks by measuring the patellar 
length and the distance between the patella and tibial 
tuberosity. MRI can provide more reliable measurements 
with true 3-dimensional distances between anatomical 
landmarks, including both osseous and ligamentous 
structures. The Insall-Salvati index is widely used to 
assess patella height; this is the ratio of patella tendon 
length (distance between the posterior inferior aspect of 
the patella apex and the patella tendon insertion site on 

the tibial tuberosity [T]) divided by the patella superior-
inferior length (P) (Fig. 5, solid lines). A patella height 
ratio of > 1.3 indicates patella alta [19,22]. The Caton 
Deschamps index is another method used to document 
patellar alta and is calculated by measuring the distance 
from the inferior aspect of the patellar articular surface to 
the anterior aspect of the tibial plateau (T’) and dividing 
by the greatest length of the patellar articular surface (P’) 
(Fig. 5, dashes). A ratio of ≥ 1.2 is defined as patella alta [23].

Increased Tibial Tubercle to Trochlear Groove (TT-TG) 
Distance

Normally, the tibial tubercle is located vertically inferior 
to the femoral sulcus; therefore, the patellar tendon applies 
an inferiorly directed vector on the patella. However, when 
the tibial tubercle is shifted laterally, patellar tendon 

Fig. 4. Lateral trochlear inclination angle, trochlear 
facet asymmetry, and trochlear depth in a patient with 
patellofemoral instability. The lateral inclination is measured 
by the angle between the two lines. The first line is placed on the 
posterior aspect of the femoral condyle (red line). The second line 
is placed on the lateral facet of the trochlea (red line). In this case, 
the lateral inclination angle was 10 degrees, which is abnormal (< 11 
degrees). Trochlear facet asymmetry is measured in the same axial 
plane as that used for the lateral inclination angle. The length of the 
medial facet (yellow M) is divided by that of the lateral facet (yellow L). 
Trochlear facet asymmetry in this case was 33% (9.6/28.6 x 100) and 
abnormal (< 40%). The trochlear depth was measured using the same 
image. A line tangential to the posterior aspect of the femoral condyle 
was used as the reference line. The largest AP distance between the 
line and the medial (A) and lateral (C) facets, and the deepest portion 
of the sulcus (B) were measured. The trochlear depth is calculated 
using the formula ([A + C]/2) - B. Trochlear depth in this case is 2 mm 
([56 mm + 58 mm]/2) - 55 mm and abnormal (< 3 mm).

Fig. 5. Patella alta. Insall-Salvati index: the length of the patellar 
tendon (T) (from the patellar apex to the tibial insertion, solid white 
line) is divided by the length of the patella (P) (the largest distance 
of the patella, solid black line). Caton Deschamps index: the length 
of the patellar tendon (T’) (from the inferior margin of the articular 
surface of the patella, white dashes) is divided by the length of the 
articular surface of the patella (P’) (black dashes). The Insall-Salvati 
index is 1.71 (67 mm/39 mm) and abnormal (> 1.3). The Caton 
Deschamps index is 1.88 (66 mm/35 mm) and abnormal (> 1.3).
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insertion can cause lateral and inferior vectors on the 
patella, resulting in patellar lateral dislocation. Excessive 
lateral displacement of the tibial tubercle is a risk factor 
for PFI [24]. The tibial tubercle to trochlear groove (TT-
TG) distance is measured on axial MRI by measuring the 
mediolateral distance between the tibial tuberosity and the 
deepest portion of the femoral trochlear groove (Fig. 6) [25]. 
In the adult population, a TT-TG > 20 mm is considered 
abnormal and associated with PFI. A TT-TG between 15 and 

20 mm is borderline. In the pediatric population, TT-TG 
levels increase with age. In children with PFI, the median 
TT-TG distance (12.1 mm) is longer than that in controls 
(8.5 mm) but still within the borderline range, since 
reference values from the adult population are used. To 
identify abnormal TT-TG levels and develop an appropriate 
surgical approach, an age-based reference is necessary for 
pediatric patients during skeletal maturation [26]. 

Bilateral patellar dislocation requiring bilateral MPFLR 
has been reported in up to 25% of children with patella 
dislocation [18]. Kim et al. [18] identified TT-TG and 
patellar height ratio as important risk factors for bilateral 
dislocation; TT-TG and patellar height ratios (patella alta) 
were significantly increased in a group with bilateral 
patellar dislocation compared with a group with unilateral 
patellar dislocation. The severity of femoral condyle 
dysplasia did not correlate with the severity of cartilage 
damage or bilateral involvement.

Increased Q Angle
An increased Q angle is one of the risk factors for PFI 

Fig. 6. TT-TG distance. A line tangential to the posterior aspect of 
the medial and lateral femoral condyles was used as a reference line 
(grey dashes). A perpendicular line crossing the deepest portion of 
the trochlear groove (black line) was drawn. Another line crossing the 
mid-portion of the tibial tubercle was also drawn (white line). The 
distance between the two lines was defined as the TT-TG distance (red 
line). TT-TG = tibial tubercle-trochlear groove

Fig. 7. Q angle and femoral anteversion. 
A. The Q angle is measured between two lines. The first line is drawn 
from the anterior superior iliac spine to the mid portion of the patella 
(red line). The second line is from the tibial tubercle to the mid 
portion of the patella (blue line). B. Increased femoral anteversion 
(purple arrow in the first figure) results in inward rotation of the 
distal femur (purple arrow in the second figure). The patella is 
located laterally relative to the femoral condyle (second figure). To 
compensate for this, the distal tibia rotates externally (purple arrow 
in the third figure) resulting in an increase of the lateral vector of the 
patellar tendon on the patella.

Q angle
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because it affects patellofemoral kinematics. The Q angle is 
calculated using two lines: a line drawn from the anterior 
superior iliac spine to the mid-portion of the patella and 
another line from the tibial tubercle to the mid-portion 
of the patella (Fig. 7A). An altered Q angle affects the 
patellofemoral joint by changing the load vectors of the 
quadriceps and patellar tendons, and an increase in the Q 
angle results in lateral patellar subluxation and tilt with 
knee flexion [27]. 

Femoral Anteversion
Femoral anteversion is defined as inward rotation of the 

knee (distal femur) relative to the hip joint. As the distal 
femur and femoral trochlea rotate inward, the patella is pulled 
relatively outward and laterally (Fig. 7B). To compensate for 
the femoral anteversion, the distal tibia rotates outward, 
resulting in an increased lateral vector of the patellar tendon 
on the patella, which further adds to the complexity of the 
patellofemoral joint alignment. Increased femoral anteversion 
negatively affects therapeutic outcomes in PFI [28]. 

Imaging Findings 

MRI findings of PFI vary depending on the severity 
and chronicity of the disease. Mild cases of PFI may 
demonstrate patellar maltracking as evidenced by edema of 
the superior lateral aspect of Hoffa’s fat pad, also known as 
patellofemoral fat impingement [29,30]. Patellofemoral fat 
impingement is strongly associated with other risk factors 
for PFI, including femoral condyle dysplasia, patellar alta, 
increased TT-TG distance, and patellar lateral tilting and 

subluxation. Longstanding patellar maltracking results 
in cartilage damage and early degeneration of the lateral 
patellofemoral joint [31-33]. 

Acute patellar lateral dislocation (APLD) is the most 
severe form of PFI. Plain radiographs demonstrate findings 
of acute injury, which may include joint effusion, occasional 
fat-fluid levels from lipohemarthrosis, osteochondral 
fracture of the medial aspect of the patella, patellar lateral 
tilt/subluxation (Fig. 8A), and a deep lateral sulcus sign 
from osteochondral impaction type injury of the lateral 
femoral condyle. Specific MRI findings of acute LPD include 
medial stabilizer injuries (seen in 96%), lateral patellar 
tilt or subluxation, osteochondral injury, and joint effusion 
(Fig. 8B, C) [34]. In most cases, the patella spontaneously 
reduces after the first dislocation. Up to 70% of patients 
experience recurrent dislocation and may develop chronic 
recurrent dislocation, in which case MRI may show findings 
of chronic tears of the medial stabilizers, a deformed medial 
aspect of the patella, ossification of the medial patella, 
patellofemoral fat impingement, cartilage damage, and 
degeneration of the lateral patellofemoral joint (Fig. 9) [35]. 

Medial Patellar Stabilizer Injuries
The medial retinaculum and MPFL are medial stabilizers 

of the patella that prevent lateral dislocation. The medial 
retinaculum and MPFL are seen as well-defined low T2 
signal bands and are difficult to distinguish from each other 
on MRI; they have a broad attachment near the patellar 
insertion, joining the vastus medialis oblique muscle 
fibers, and a thin ligamentous insertion near the femoral 
attachment with a less well-depicted appearance [21]. MRI 

Fig. 8. A 15-year-old male with acute patella dislocation. 
A. The patellar sunrise view demonstrates lateral tilt and lateral subluxation of the patella and medial patellar avulsion fracture (arrow). B. Axial 
T2 weighted image with fat suppression demonstrates bone marrow edema of the medial aspect of the patella (asterisk) and lateral femoral 
condyle (asterisk), complete tear of the medial stabilizer near the femoral insertion (white arrow), and partial tear near the patella insertion (open 
arrow). A small, avulsed bone fragment is seen at the medial aspect of the patella (arrowhead). Patellar lateral tilt and lateral subluxation are 
also seen. C. Coronal T1-weighted image demonstrates an osteochondral fracture of the lateral femoral condyle (arrow).
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enables accurate diagnosis of medial stabilizer injuries. In 
a study of children with acute LPD, approximately 78% had 
medial patellar stabilizer injuries, which included injuries 
near the patellar insertion (31%), near the femoral insertion 
(14%), and at both the femoral and patellar insertion sites 
(33%) [36]. Medial stabilizer injuries are often associated 
with avulsion fractures of the patella or femoral epicondyle, 
which require surgical treatment to prevent recurrent 
patellar dislocation and PFI [37]. MRI findings of a full-
thickness medial stabilizer tear include complete disruption 
of the ligament with adjacent soft tissue edema and wavy 
and retracted fibers surrounded by joint effusion, best 
seen on axial T2-weighted images with fat suppression 
(Fig. 8B) [34]. A partial tear is characterized by partial 
discontinuity and irregular appearance of medial stabilizers 

[34]. A chronic tear or tear with fibrous healing is difficult 
to diagnose by MRI because of the absence of soft tissue 
edema or joint effusion. A diffuse attenuated appearance 
of the medial stabilizer is an indication of a chronic tear. 
Thickened fibers with proliferation near the patellar or 
femoral insertion is a sign of remote injury with fibrous 
healing (Fig. 9) [29,30]. 

Patellar Lateral Subluxation and Lateral Tilt 
After patellar lateral dislocation with medial stabilizer 

injury, the patella may not be completely reduced. Persistent 
patellar lateral subluxation or lateral tilt is observed in 
these patients (Fig. 8A, B) [34]. Lateral subluxation occurs 
when the patellar apex moves laterally and is not centered 
within the femoral trochlear groove. Lateral tilt is identified 

Fig. 9. A 19-year-old male with recurrent bilateral patellar dislocation for several years. 
A. Bilateral patella sunrise view demonstrates a well-corticated bone fragment from a prior avulsion fracture (asterisks). B. Axial proton density 
image demonstrates medial stabilizer with fibrous healing (arrow). An ossified, avulsed bone fragment is seen at the medial patella (arrowhead).  
C. Sagittal intermediate image with fat suppression demonstrates edema of the patellofemoral fat, suggesting patellofemoral fat impingement 
(asterisk). No significant joint effusion is seen.

A

B C



682

Kim et al.

https://doi.org/10.3348/kjr.2021.0577 kjronline.org

when the angle between the lateral facet of the patella and 
the anterior aspect of the lateral femoral condyle opens 
medially. Patellofemoral malalignment, as evidenced by 
patellar subluxation and tilt, is affected by the degree of 
knee flexion and amount of joint effusion [38]. 

Bone Marrow Edema and Deformities
LPD results in the medial aspect of the patella striking 

the lateral aspect of the femoral condyle, represented by 
low T1 and high T2 signal intensities on MRI (Fig. 8B, C). 
An MRI study in pediatric patients with a first patellar 
dislocation demonstrated that osteochondral or chondral 
injuries occurred at the patella in 76% of patients, the 
lateral femoral condyle in 24%, and both sites in 6.5% [39]. 
A concave-shaped deformity at the inferomedial aspect of 
the patella results from the impaction type of injury and 
is a specific sign of LPD. Avulsion injuries are represented 
by fragmented bones separated at the ligament insertion 
site (Figs. 8B, 9B). Recognition of osteochondral fractures 
with intra-articular loose body formation is important for 
determining a therapeutic plan. 

Most patients with patellar dislocation have bone marrow 
edema at the anterior lateral femoral condyle due to an 
impaction type of injury. Bone marrow edema is best seen 
on T2-weighted images and resolves over time after acute 
dislocation. Cortical fracture of the lateral femoral condyle 
rarely occurs after lateral dislocation and is best seen on 
coronal T1-weighted image as a dark signal line surrounded 
by edema (Fig. 8C) [29,30].

Cartilage Damage
MRI is the most sensitive method for diagnosing a wide 

range of cartilage damage, including mild cartilage signal 
changes from softening and edema, partial and full thickness 
fissures, fractures, cartilage flaps, and delamination injuries. 
The medial facet of the patella is the most common location 
of cartilage damage, followed by the medial ridge, lateral 
facet of the patella, anterolateral aspect of the lateral 
femoral condyle, and lateral trochlea [39].

Several methods have been described for grading cartilage 
damage, the most widely accepted of which is the system 
developed by the International Cartilage Repair Society 
(ICRS), determined via arthroscopy. MRI classification 
uses a modified ICRS system as follows: grade 0, normal 
cartilage; grade 1, abnormal cartilage signal; grade 2 with, 
superficial cartilage lesion < 50% of the cartilage depth; 
grade 3 with, deep cartilage lesion > 50% of the cartilage 
depth; and grade 4 with full full-thickness osseous changes 
(Fig. 10) [40]. It is important to include information 
regarding cartilage damage in the MRI report, including 
the depth of cartilage damage and the two dimensions of 
cartilage size. Traditional spin-echo sequences or three-
dimensional gradient-echo sequences are used for the 
evaluation of cartilage damage and are excellent for high-
grade cartilage damage (grade 3 or 4). Quantitative MRI can 
provide excellent detection of low-grade cartilage damage 
and has enabled probing of microarchitecture changes 
that can precede low-grade cartilage damage (Fig. 10B, D) 
[41]. Several MR techniques have been applied in cartilage 
research to reflect each component and physiology of 
cartilage: T2 relaxation time mapping (Fig. 10B, D), T1 rho 

Fig. 10. International Cartilage Repair Society classification of cartilage damage. 
A. Grade 0: normal. No significant abnormal signal is observed within the patellar cartilage on T2-weighted image with fat suppression. B. T2 
relaxation time mapping (bottom) does not show any increase in T2 values on the color map. C. Grade 1: intra-substance high T2 signal in the 
patellar cartilage on T2-weighted image with fat suppression (arrowheads). D. Increased T2 relaxation time with hotter color (arrowheads) is 
shown on the T2 map. E. Grade 2: superficial cartilage fissure less than 50% of the depth. Axial T2 weighted image with fat suppression shows 
a superficial cartilage fissure (arrowhead). F. Grade 3: deep cartilage lesion more than 50% of the depth. Axial T2 weighted image with fat 
suppression shows cartilage damage involving almost the entire depth of the cartilage (arrowheads). G. Grade 4: full-thickness cartilage damage 
with underlying bone changes. Axial T2-weighted image with fat suppression showing full-thickness cartilage damage (arrowheads) with adjacent 
bone marrow edema (asterisk).
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imaging, delayed gadolinium-enhanced MRI of cartilage 
(dGEMRIC), and sodium imaging [42].

According to a previous study by Kim et al. [18], important 
risk factors that correlate with the severity of cartilage 
damage include patellar alta, medial stabilizer injury, and 
presence of bone marrow edema. The severity of femoral 
trochlear dysplasia is not a predictor of cartilage damage. 

Joint Effusion
Knee joint effusion is the most common finding 

immediately after acute patellar dislocation, although it is 
non-specific. The volume of joint effusion decreases over 
time after trauma. In the presence of hemorrhage, fluid-
fluid levels resulting from sedimentation of blood may be 
seen on T2-weighted or gradient echo sequences, or lipid-
fluid levels from lipohemarthrosis may be noted (Fig. 3D). 
In patients with chronic recurrent dislocation, joint effusion 
is often absent because re-dislocation rarely causes new 
traumatic injuries to the patellofemoral joint (Fig. 9). 

Dynamic Imaging Studies
Patellofemoral tracking is a dynamic process that occurs 

as the knee flexes and is most pronounced between knee 
extension and the first 30 degrees of flexion. Kinematic 
knee CT and MRI have been employed to evaluate the 
biomechanics of the patellofemoral joint. Cine-sequences 
or combined static images are obtained while increasing 
the knee flexion angle, and have enabled probing of the 
maltracking of the patella in the femoral trochlear groove, 
measured with bisect offset and patellar tilt (Fig. 11) [43]. 
By applying weight bearing to the knee during flexion and 

extension, dynamic MRI can more closely replicate the 
PFI. Teng et al. [44] identified that the lateral trochlear 
inclination angle was a better predictor of PFI than TT-
TG. Burke et al. [45] utilized real-time radial gradient 
echo images during knee flexion from 0–30 degrees and 
suggested that a lateral subluxation of > 3 mm may be 
the threshold for PFI. A recent study performed during 
volitional isometric contraction of the quadriceps muscle 
demonstrated that proximal migration of the patella in 
midsagittal images is a good indicator of PFI. The feasibility 
of ultrafast dynamic MRI has been demonstrated in the 
pediatric population with an acceptable range of imaging 
quality and acquisition time for the evaluation of children 
with PFI [46,47]. 

Treatment

Non-Surgical Treatment
Most acute patellar dislocations are transient and 

spontaneously reduced. At times, the patella is manually 
reduced onsite by the patient, family, friend, coach, 
or trainer. If the patient presents to the emergency 
department with a dislocated patella, conscious sedation is 
administered. Closed reduction of the patella is achieved by 
gradual extension of the leg. Once reduced, the knee joint 
is examined clinically for other injuries. 

The standard treatment for first-time patellar dislocation 
is non-surgical [48]. A brief period (2–4 weeks) of 
immobilization in a splint or knee immobilizer allows pain 
control and initial tissue healing after an acute episode. 
During this time, weight bearing is allowed with crutches. 

Fig. 11. Dynamic knee MR imaging in patient with patellofemoral instability. 
A. Axial proton density image of both knees with knee extension. Patellar tilt is the angle between a line crossing the largest portion of the 
patella and a line placed on the posterior aspect of the femoral condyles (yellow lines). The bisect offset (the proportion of the patella lying 
lateral to the midline) was also measured. A line tangential to the posterior femoral condyles was used as the reference line (yellow dashes) and 
a perpendicular line crossing the apex of the patella was drawn (green). The distance from the lateral patellar edge to the perpendicular line was 
measured (sky blue) and divided by the length of the entire patella (blue) at this level. The patellar tilt angle was 8 degrees on the right and 9 
degrees on the left. The bisect offset was 49% on the right and 50% on the left. B. Axial proton density images of both knees with 30 degrees 
of knee flexion. The patellar tilt angle was increased to 26 degrees on the right and 16 degrees on the left, and the bisect offset was 64% on the 
right and 60% on the left. Degenerative changes in the patella with subchondral cysts and sclerosis are seen on the left. 
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Following this, a patellar stabilizing brace is used for 
activities. Physical therapy is administered to regain 
motion, strength, and limb control. The patient is typically 
allowed to return to sports approximately 3 months after 
the initial episode. Beyond this point, wearing a brace is 
optional. 

Surgical Treatment
In more than 30% of patients, the first episode of 

patellar dislocation is associated with significant knee 
effusion [39]. MRI is warranted to identify the presence of 
osteochondral fractures in such cases. The most common 
location for these fractures is the medial patella or lateral 
femoral condyle. Surgical treatment is usually recommended 
in the presence of intra-articular fractures. During surgery, 
the osteochondral fracture piece is either removed or fixed 
based on the size of the fractured fragment and quality of 
the cartilage. When the size of the osteochondral fracture 
is ≥ 15 mm, fracture fixation is considered rather than 
excision. Such fixation is performed using an open approach 
with metal screws, bioabsorbable pins, or sutures. There 
is a trend for concomitant surgical stabilization of the 
patella by performing either medial-sided repair or MPFL 
reconstruction at the time of fracture treatment [49]. If 
metal screws are used for fracture fixation, they may have 
to be removed later by another surgical procedure. 

In patients with recurrent patellar instability or those 
who have failed an adequate trial of conservative treatment 
after a first-time patellar dislocation, surgical stabilization 
of the patella is recommended. There are two schools 
of thought regarding the best approach for patellar 
stabilization. The first approach is to perform an isolated 

MPFL reconstruction. The MPFL is the primary restraint 
for lateral patellar subluxation; hence, its reconstruction 
would provide the required stability for the patella. MPFL 
reconstruction is commonly performed using quadriceps 
tendon autografts, hamstring tendon autografts, or 
allografts. The success rate of isolated MPFL reconstruction 
in restoring patellar stability is more than 95% and is 
irrespective of the graft choice [50]. The most common 
complications of MPFL reconstruction are knee stiffness, 
patellar fracture, and recurrent patellar instability [5]. 

The second approach addresses the risk factors for 
patellar instability, along with MPFL reconstruction. 
During this approach, anatomical risk factors for patellar 
instability, including trochlear dysplasia, patellar alta, and 
increased TT-TG distance, are identified on radiographs 
and CT/MRI. Once identified, some or all of the risk factors 
are surgically corrected. Trochlear dysplasia is addressed 
using trochleoplasty, wherein the trochlear groove is 
deepened (Fig. 12A). Trochleoplasty is a less popular 
option in the United States because it involves violation 
of the articular cartilage, and there is a theoretical risk for 
avascular necrosis or arthritis in the future. Patellar alta 
or increased patellar height is addressed by tibial tubercle 
distalization. To increase the TT-TG distance, tibial tubercle 
medialization or anteromedialization is performed (Fig. 
12B). Complications of tibial tubercle osteotomy include 
nonunion, painful hardware, and loss of reduction and 
fracture of the tubercle. Lateral retinaculum release is 
performed for a tight lateral retinaculum, as manifested by 
increased patellar tilt. Lateral release complications include 
persistent swelling and iatrogenic medial instability of the 
patella. 

Fig. 12. Illustration of surgical approaches including trochleoplasty, tibial tubercle medialization, and the Roux-Goldthwait 
procedure.  
A. Trochleoplasty. The preoperative image shows a flat trochlear groove. The trochlear joint area was removed and drilled. Subchondral bone was 
shaped to create a new groove. A surgical screw was placed below the cartilage. B. Tibial tubercle medialization. Tibial tuberosity osteotomy was 
performed, and the proximal portion of the osteotomy was medialized. Distal osteotomy was fixed using screws. C. Roux-Goldthwait procedure. 
The lateral half of the patellar tendon was transferred medially and anchored. 
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In skeletally immature patients, several procedures are 
either contraindicated or modified because of the presence 
of a physis. The femoral attachment point for the MFPL 
is just below the distal femoral physis [13]. Hence, MPFL 
reconstruction in skeletally immature patients should be 
performed under strict fluoroscopic guidance to ensure safe 
drilling of the femoral tunnel. Injury to the distal femoral 
physis can lead to deformity that may or may not require 
surgical correction [51]. Similarly, injury to the proximal 
tibial apophysis can lead to deformity, particularly in the 
genu recurvatum. Therefore, tibial tubercle osteotomy is 
contraindicated in patients with an open proximal tibial 
apophysis. Instead, the patellar tendon can be transposed 
medially, either fully or partially. When the lateral half of 
the patellar tendon is transferred medially, the procedure is 
known as the Roux-Goldthwait procedure (Fig. 12C). 

Coronal and rotational limb alignments should be 
evaluated in all patients undergoing surgery for patellar 
instability. Increased genu valgum, excessive femoral 
anteversion, and increased external tibial torsion are risk 
factors for patellar instability. In skeletally immature 
patients, guided growth should be considered when 
addressing genu valgum use. A transphyseal screw or 
tension-band plate can be placed across the medial aspect 
of the distal femoral physis to allow gradual correction [52]. 
Coronal or rotational malalignment requires osteotomy for 
correction in skeletally mature patients. The indication for 
correction of genu valgum is > 10 degrees of deformity, and 
the indication for correction of rotational malalignment is 
more than 20 degrees of deformity [53]. 

Complex patellar instability patterns are encountered in 
young children (< 10 years of age). These include fixed or 
habitual patellar dislocations. Several syndromes, such as 
Downs syndrome, nail patella syndrome, Kabuki syndrome, 
and Rubinstein Taybi syndrome, have patellar instability 
as a component. It is important to recognize that isolated 
MPFL reconstruction would not be sufficient to address 
these complex patterns since the primary pathology is a 
laterally positioned, and sometimes shortened, quadriceps 
mechanism. Wide lateral releases and quadricepsplasty 
are required to address these issues [52]. During 
quadricepsplasty, the quadriceps mechanism is reoriented 
and/or lengthened. In cases of neglect or late presentation, 
these complex instability patterns may be encountered later 
in life. 

Summary

• PFI is a wide spectrum of diseases ranging from 
mild maltracking to lateral dislocation, and results from 
risk factors, including femoral trochlear dysplasia and 
malignancy. 

• Femoral trochlear dysplasia is measured using lateral 
inclination angle (< 11 degrees), trochlear facet asymmetry 
(facet ratio < 0.4), and trochlear depth (< 3 mm). 

• Patellofemoral malalignment is measured using patella 
alta (patella height ratio ≥ 1.2), increased TT-TG (> 1 cm), 
increased Q angle, and increased femoral anteversion.

• MRI findings of acute LPD include medial stabilizer 
injury, osteochondral injury of the patella and lateral 
femoral condyle with bone marrow edema, and joint 
effusion. 

• Osteochondral fracture in PFI requires surgical treatment 
with MPFL reconstruction.
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