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Abstract Anterior knee pain is a
common complaint in the ortho-
paedic clinic. The differential diag-
nosis is wide and the principal goal
of initial assessment is to detect re-
mediable causes. The majority of pa-
tients do not have a specific disease
and increasingly interest has focused
on the role of patello-femoro-tibial
morphology and of patellar mal-
tracking in the aetiology of anterior
knee pain. Classification in this
group of patients is poor and there is
no uniform agreement on which pa-
tient groups benefit from treatment

and which treatment is best. Much of
the literature involves relatively
small numbers of patients, is poorly
controlled and there is little agree-
ment on outcome measures [1, 2].
The purpose of this review is to out-
line the current status of the imaging
assessment of recalcitrant anterior
knee pain with particular reference
to patellar maltracking.
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Introduction

Anterior knee pain (AKP) may affect up to one third of
adolescents at any time [3]. The majority of patients are
female and the symptom most commonly occurs in the
second and third decades. The increase in prevalence
has been attributed to the rise in sporting activity in
schools[4]. Sports which involve persistent knee flexion
associated with jumping, such as basketball, athletics,
skiing and cycling, are particularly susceptible. The pain
is often described as being worse on compression of the
patello-femoral joint, such as occurs during ascending
or descending stairs or rising out of a chair. In many
cases the symptom is self-limiting although it may fol-
low a prolonged and unremitting course lasting several
years.

Clinical examination in the patient with AKP is di-
rected at determining remediable causes. Particular at-
tention is paid to the anterior structures, patellar tendon,
quadriceps tendon, Hoffa’s fat pad and the anterior por-
tions of the menisci [5]. The examination should also be
extended to include the hip and foot.

Clinical context

A list of causes of AKP is shown in Table 1. Of these the
commonest are chondromalacia and focal patellar ten-
dinopathy, with patellofemoral osteoarthritis (OA) be-
coming more prevalent in the older population. Many
patients do not demonstrate these conditions and there is
increasing interest in the role of patellar malalignment
and maltracking. Two distinct subgroups can be identi-
fied. The first is transient patellar dislocation, where the
patellar has subluxed following trauma and then has
spontaneously reduced. Although a history of trauma is
nearly always present, patients are not always aware that
the patella had dislocated. The associated soft tissue dis-
ruption that accompanies the dislocation, principally
tears of the medial retinaculum, may predispose to fur-
ther episodes of dislocation, in a similar manner to recur-
rent dislocation of the shoulder. This has also been called
acute patellar dislocation or acute reduced patellar dislo-
cation. The second distinct entity is chronic patellar mal-
tracking. In these cases there is no history of trauma and,
in the majority, the patient is unaware of abnormal patel-
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lar movement. Patellar subluxation is assessed clinically
with the knee fully extended. The patella is gripped be-
tween thumb and forefinger and the examiner attempts to
displace it laterally. Displacement of greater than 25% of
the patellar diameter constitutes a subluxable patella. Re-
ports on the accuracy of clinical examination in the de-
tection of patellar maltracking are sparse. Fithian et al.
[6] used a mechanical device to assess patellar motion
and were able to differentiate between control patients
and those with transient patellar dislocation. There are
no studies of the accuracy of clinical assessment in pa-
tients with chronic patellar maltracking though it is gen-
erally recognised that many cases are overlooked.

Differential diagnosis of AKP

The list of causes of anterior knee pain is long (Table 1).
The imaging diagnosis of the more common conditions
is straightforward. Focal proximal patellar tendinopathy,
or jumper’s knee, so called because of its relationship to
sports including basketball and soccer, is easily detected
by high-resolution ultrasound or magnetic resonance im-
aging (MRI). On MRI the patellar tendon is best visual-
ised in the sagittal plane. Patellar tendinopathy is easily
seen as an area of tendon swelling and increased signal

intensity on T2-weighted or gradient echo T2*-weighted
sequences (Fig. 1). Partial tendon tears with high signal
intensity without tendon swelling are rare (Fig. 2). In
younger patients the adjacent bone may also be involved.
This is most common at the tibial insertion, where the
condition is called Osgood Schlatter’s disease (Fig. 3).
Complete patellar tendon rupture is also rare without a
predisposing cause, and is most commonly seen follow-
ing patellar tendon section for anterior cruciate ligament
reconstruction. Quadriceps rupture is more common,
particularly in the older population, and is also most fre-
quently encountered when there are predisposing condi-
tions such as diabetes, steroid use, connective tissue dis-
ease or renal disease. Chondromalacia is fragmentation
of the articular surface of the patella (Fig. 4). It has been
graded into four types: cartilage softening, fissuring, de-
fect to bony and bony involvement. MRI is best at as-
sessing grades 3 and 4. Reliable detection of grades 1
and 2 probably requires MR arthrography[7]. Chondro-
malacia must be distinguished from the painless dorsal
patellar defect, the occasionally painful bipartite patella
[8, 9], the usually painful patellar stress or frank frac-
tures (Fig. 5) and osteochondritis of the patella or patel-
lar groove [10]. In the older patient, retropatellar disease
is more often associated with cartilage thinning and sub-
chondral cyst formation on the anterior aspect of the lat-
eral femoral condyle as patello-femoral OA, though
crystal deposition disease may also result in considerable
destruction of articular cartilage. Osteochondritis may
present as anterior knee pain, recurrent swelling, locking
or giving way. The most common site is on the lateral as-
pect of the intercondylar region of the medial femoral
condyle. The lateral femoral condyle or patella may also
be affected (Fig. 6). Hoffa’s fat pad can harbour a num-
ber of conditions including meniscal cyst, ganglion cyst
(Fig. 7) or inflammatory changes secondary to femoro-
tibial impingement (Fig. 8), termed Hoffa’s syndrome. It
may also be the primary and initial site for diseases of
the synovium including pigmented villonodular synovitis
or synovial osteochondromatosis (Fig. 9). Rarer synovial
tumours in this location include synovial haemangioma
(Fig. 10) and lipoma arborescens (Fig. 11). Synovial pli-
cae have been implicated in the aetiology of anterior
knee pain though this is controversial. Plicae are very
common in the asymptomatic population, occurring in
up to 50% of some post-mortem series. A rare cause of
anterior knee pain is post-traumatic neuroma affecting
the infrapatellar branch of the saphenous nerve [11].

The diagnosis of chronic patellar maltracking is more
problematic and it is this that forms the main thrust of
this review.

Aetiology: morphology or biomechanics?

The knee comprises three joints, the patello-femoral ar-
ticulation and the medial and lateral tibio-femoral joints.

Table 1 Differential diagnosis of anterior knee pain

Patellar tendon
Tendinopathy
Rupture
Osgood Schlatter’s disease
Sindig Larsen’s disease

Quadriceps tendon
Tendinopathy
Rupture

Patella
Chondromalacia
Patello femoral osteoarthritis
Stress fracture
Frank fracture
Painful bipartite patella
Osteochondritis patella/femoral groove
Transient patellar dislocation
Chronic patellar maltracking

Hoffa’s fat pad
Hoffa’s ganglion
Synovitis
PVNS
Osteochondromatosis
Hoffa’s impingement syndrome
Synovial haemangioma
Gout
Chondroma
Sarcoma

Miscellaneous
Anterior meniscal tear
Meniscal cyst
Neuroma of infrapatellar nerve
Pre/infra-patellar bursitis
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The patello-femoral joint bears little load whilst stand-
ing, with the greatest pressure occurring between 30°
and 70° of knee flexion, particularly when jumping. The
principal components of the extensor mechanism are the
quadriceps and patellar tendons separated by the sesa-

moid patella. Soft tissue support to the extensor mecha-
nism comes from the medial and lateral retinacular struc-
tures. The principal constraint to lateral displacement is
the medial retinacular complex, the most important com-
ponent of which is the medial patello-femoral ligament.
In addition to these ligamentous structures, the lower-
most fibres of the vastus medialis muscle (vastus media-
lis obliquus) that insert into the upper and medial margin
of the patella, are also thought to be important in stabili-
sing the patella during motion.

Although the precise mechanism of maltracking is not
fully elucidated, a number of authors have drawn atten-
tion to morphological abnormalities of the distal femur,
proximal tibia and patella that may predispose to abnor-
mal movement. The two principal relationships are the
degree of lateral deviation of the patellar tendon as it ad-
vances towards its insertion, and the fit between the pa-
tella and distal femur.

The former can be assessed clinically by palpating the
anterior superior iliac spine (ASIS), the patella and the
tibial tubercle. The angle between the line joining the
ASIS and patella and the line joining the patella and tibi-
al tubercle is termed the Q angle. An increased Q angle
is usually the consequence of a more laterally positioned
tibial tubercle, which exerts a lateral pressure on the pa-
tella as the knee is extended. If that force is not counter-
acted by muscle contraction, usually by the lower
oblique fibres of vastus medialis muscle, lateral sublux-

Fig. 8 Calcification (arrow) within Hoffa’s fat pad secondary to Hoffa’s impingement syn-
drome

Fig. 9 Osteochondromatosis of the fat pad

Fig. 10 Synovial haemangioma on sagittal GRE (A) and axial T1-weighted images (B).
Slight lobulation on the T1-weighted image provides a clue to the diagnosis in what are oth-
erwise non-specific findings

Fig. 11 Axial T1-weighted image showing a frond-like fat pattern within the suprapatellar
bursa: lipoma arborescens

Fig. 1 Proximal focal patellar tendinopathy with high signal at the
patellar tendon origin (arrow) on a GRE T2*-weighted image. The
tendon itself is swollen

Fig. 2 Partial patellar tendon tear with high signal changes with-
out swelling

Fig. 3 Osgood Schlatter’s disease with tendon swelling and ab-
normal signal at the patellar tendon insertion. GRE T2*-weighted
image

Fig. 4 Chondromalacia patellae grade 4 with bone defect (arrow)
and patella alta

Fig. 5A, B Fracture of the patella not appreciated clinically. The
fracture is seen on the sagittal GRE image (A) as a poorly defined
high signal focus (arrowhead). The linear fracture is better appre-
ciated on (B) the coronal STIR image (arrow)

Fig. 6 Osteochondral defect on the inferior surface of the lateral
femoral condyle. A high-intensity line separates the surface frag-
ment from the underlying condyle. An incidental popliteal cyst
was noted. GRE T2*-weighted image

Fig. 7 Multiloculated ganglion within Hoffa’s fat pad (arrow) on
a GRE T2*-weighted image

▲



ation occurs. Eckhoff and co-workers [12, 13] have dem-
onstrated differences in both femoral anteversion and
tibial rotation in patients with anterior knee pain com-
pared with asymptomatic controls. The symptomatic
group had 7° of relative external rotation of the tibia and
5° of femoral anteversion. They concluded that it is these
rotational anomalies that most influence the Q angle and
trochlear-tubercle distance (TTD).

There is some variation in the reported normal Q 
angle, with ranges between 10° and 22°. There is also
disagreement on the significance of the Q angle in the
aetiology of anterior knee pain. In a cohort of school
children with anterior knee pain, no difference between
the symptomatic and asymptomatic sides was detected.
Patients with unilateral pain are often found to have sim-
ilar Q angles on both sides [14] when assessed by clini-
cal examination. Fairbank et al. [4] compared lower limb
morphology in 310 UK school students without anterior
knee pain with 136 of their contemporaries with anterior
knee pain. Joint mobility, the Q angle, genu valgum and
anteversion of the femoral neck were not significantly
different between those pupils with and those without
anterior knee pain . These and other studies have cast
doubt on the relevance of the Q angle in patients with
anterior knee pain alone. When anterior knee pain is as-
sociated with patellar malalignment, there is better evi-
dence of causation. Ando et al. [15] found significant
differences between patients with recurrent patellar dis-
location and normal controls, suggesting that an in-
creased Q angle may predispose to patellar dislocation
during injury. McNally et al. [16] have shown that there
is an increasing likelihood that maltracking will occur as
the Q angle, as measured on MRI, increases.

Other morphological abnormalities that predispose to
maltracking include a shallow femoral groove, poor con-
gruency between patella and femoral groove and lateral
femoral condylar dysplasia. Poor congruency can occur
as a result of a shallow femoral groove or an abnormally
flat retropatellar surface. Wiberg [17] has classified
retropatellar shape into three types. The commonest is
type 2, which is characterised by a lateral facet larger
than the medial. The type 1 medial facet is similar is size
to the lateral. These shapes encourage good congruency
between patella and femur. Least common is type 3,
where the medial facet is tiny and the large lateral facet
is rather flat. Thus the patella is less well contained 
within the femoral sulcus and subluxation occurs more
easily. Whether patellar shape is the primary defect or
the consequence of a deficient notch or patellar position
is not clear.

Patello-femoral congruency can be measured using a
variety of lines and angles. These are summarised in 
Fig. 12. Whilst variations in retropatellar shape are 
relatively rare, morphological abnormalities of the inter-
condylar groove are more common, and include a shal-
low flattened groove[18] and lateral condylar dysplasia.
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A shallow femoral groove is characterised by an in-
creased sulcus angle (>150°) and a decreased sulcus
depth (<5 mm). The position of the patella within the
groove is given by either the congruence angle (8–13°)
or the lateral patellar distance. A laterally positioned pa-
tella (negative congruence angle or deviation >5 mm.) is
associated with a high specificity for maltracking,
though tracking disorders can also occur when these val-
ues are normal. Patellar tilt is assessed by the lateral pa-
tellar tilt angle (22–27°) or lateral patellar angles (6–10°).
Some doubt has been cast on the reliability of patellar tilt
measurements for predicting maltracking and these an-

Fig. 12 A The sulcus angle is the angle formed by the medial and
lateral walls of the intercondylar groove (continuous lines). Sulcus
depth is also shown (double arrow). B The congruence angle
formed between a line bisecting the sulcus angle and a line joining
the nadir of the groove and the apex of the patella (arrow). C Lat-
eral patellar angle, between the lateral retropatellar facet and a line
joining the tips of both femoral condyles (arrow). D Patellar tilt
angle measured between a line drawn between the anterior tips of
both femoral condyles and a line bisecting the medial patella and
the tip of the lateral facet (arrow). E Patellar lateralisation, the dis-
tance between the medial margin of the patella and medial femoral
condyle. F The tibial tubercle distance (double arrow) is calculat-
ed as the distance between two sagittal lines, the first through the
deepest portion of the femoral groove, the second through the
apex of the tibial tubercle



gles are often found to be unchanged following success-
ful re-alignment surgery.

Although abnormal morphology appears to predis-
pose to maltracking, others have stressed the importance
of abnormal biomechanics, which can cause maltracking
by themselves or augment the effects of abnormal anato-
my. Overuse is the cause cited in these instances, with
blame attributed to the rise in school sports. Incoordina-
tion in various muscle and tendon groups has been impli-
cated, with most attention directed at the role of a weak
vastus medialis obliquus (VMO). It has been argued that
VMO weakness allows the patella to track laterally [19],
although not all agree that this is important clinically.
VMO strengthening exercises are generally recommend-
ed as one of the early conservative treatments, though it
has been argued that the VMO is difficult to isolate and
train separately from the remainder of the quadriceps
mechanism and most patients find general quadriceps
strengthening easier to accomplish [20]. Other musculo-
tendinous units that are considered important in the
aetiology of maltracking are a tight ilio-tibial tract, ham-
strings and hip adductors.

Imaging assessment

Plain radiography

Standard plain radiographs play little part in the assess-
ment of patello-femoral maltracking. The lateral view does
not demonstrate the patello-femoral joint in profile unless
care is taken to angle the beam properly [21]. They can be
used to assess the height of the patella with respect to the
patellar tendon. The patella/ patellar tendon ratio (PTR) is
used to determine patella alta (Fig. 4) or baja. Patella alta is
associated with anterior knee pain [22], patella subluxation
and dislocation. Normal values for PTR depend on its
mode of calculation. On plain radiographs, the ratio used is
PT length to the bony height of the patella, which is usual-
ly less than 1.3. Higher ratios result if only the cartilage
containing the portion of the patella is used for measure-
ment, a method which clearly only applies to MRI.

More useful is the skyline view taken with the knee in
flexion. Various angles of flexion have been proposed,
with 20°–30° degrees the most popular as this is the an-
gle at which the lateral retinaculum is at its greatest ten-
sion and the patella is most at risk of subluxation[23,
24]. It is also the minimum flexion angle at which this
view can be obtained. Static radiographic examinations
have good sensitivity for patellar malalignment in pa-
tients with previous dislocation [25] but may fail to dem-
onstrate more moderate patellar maltracking[26], where
the patella becomes displaced only during active con-
traction. A further difficulty with skyline views is that
they cannot be acquired with the knee in flexion of less
than 30° [27] when the patella lies outside femoral

groove. Thus the bony stabilisers (sulcus depth, angle and
congruence) can be assessed but the dynamic soft tissue
stabilisers cannot. Significant abnormalities may there-
fore be overlooked[28]. Using MR, Koskinen et al. [29]
also demonstrated better reproducibility of congruency
measurements nearer to 0° of flexion . This and other
studies have led Walker et al. [27] to conclude that the
skyline view has no role in the assessment of maltrack-
ing and surgical decisions should not be based upon it.

Cross-sectional imaging

Static images

The MR appearances of transient patellar dislocation are
easily recognised. In the majority of cases the patella has
reduced spontaneously by the time the patient seeks
medical advice and in many cases the diagnosis is unsus-
pected clinically. Kirsch et al. [30] reported the MR fea-
tures in 26 patients with patellar dislocation and found
disruption or sprain of the medial retinaculum in 25
(96%), lateral patellar tilt or subluxation in 24 patients
(92%), lateral femoral condyle contusion in 21 patients
(81%), osteochondral injury in 15 patients (58%) and
joint effusion in all 26 patients (100%) (Fig. 13).

In patients with chronic maltracking, static images are
often normal. Measurement of the Q angle can be made
directly by CT by acquiring a full-length scout view[15];
this is more difficult with MR. The Q angle cannot be
measured directly on axial cross-sections, but an equiva-
lent measurement, the trochlear-tubercle distance (TTD)
can be calculated using MRI or CT[31]. The TTD is 
defined as the distance between a sagittal line drawn
through the nadir of the intercondylar groove and a 
parallel line that bisects the tibial tubercle (Fig. 12).
McNally et al. showed that a TTD of 2 cm or greater has
a high specificity but poor sensitivity for maltracking
(Fig. 14). Other anatomical measurements that have high
specificity but poor sensitivity for maltracking include a
femoral groove less than 5 mm and displacement of the
lateral margin of the patella 5 mm or greater beyond the
lateral femoral condyle. Patellar lateralisation is relative-
ly uncommon in the normal population [32, 33].

Patellar shape shows some correlation with anterior
knee pain [34] but a correlation with maltracking has not
been demonstrated. The relative rarity of the type 3 flat
retropatellar surface may obscure this relationship. Pa-
tella alta predisposes to Osgood Schlatter’s disease [35],
anterior knee pain [22] as well as maltracking. A ratio on
MR of greater than 1.3 is significant [36] though caution
should be exercised with variation on the common type II
patellar shape [34]. Ratios calculated using plain films
which compare the bony patellar height with the tendon
length are often higher; Simmons and Cameron [37] found
a mean ratio of 1.6 in a group of patients with recurrent pa-
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tellar dislocation. This marked difference probably reflects
the different populations being studied, as patients with re-
current dislocation might be expected to have more severe
derangement. A relationship between anterior knee pain
and a progressive increase in patellar tilt has been demon-
strated by Pookarnjanamorakot et al. [38] who have shown
a mean angle of 13° in patients with anterior knee pain
compared with 6° in an asymptomatic group. Maltracking
has also been associated with increasing patellar tilt.

Axial MR and CT can also be used to calculate femo-
ral anteversion and tibial torsion. Axial sections through
the femoral neck, femoral condyles and proximal tibia
are used to make these estimations. Both sides should be
included for comparison.

Dynamic assessment

Dynamic MR provides an apparently sensitive and re-
producible technique for demonstrating normal and 

abnormal patellar motion, both before and after re-
alignment surgery [39]. Designing a gold standard is not
straightforward. There are no direct studies comparing
clinical assessment and MRI, though it is generally re-
cognised that clinical examination does not detect all
cases; in particular, accurate clinical examination of pa-
tellar motion is difficult when the bony landmarks are
difficult to feel. There is better correlation between MR
and arthroscopic detection of maltracking, though it is
doubtful that an assessment carried out under general an-
aesthesia, with a tourniquet in place in a knee distended
by saline as it is for arthroscopy, is a true reflection of
the normal physiological status.

There are two methods for studying patellar tracking,
with most of the recent literature supporting the use of
true dynamic or kinematic methods [40] – though not all
agree [41]. Earlier studies used the system of static scans
followed by incremental movement and re-scan, which
has been termed “static-dynamic”. The principal prob-
lem related to this approach was that muscle relaxation
between each movement, when the images are acquired,
allowed the patella the opportunity to return to its normal
central position, resulting in a false negative examina-
tion. True kinematic studies require that the images are
obtained during active extension, preferably against a
loaded quadriceps. This has led to the development of a
number of CT- or MR-compatible motion devices. A va-
riety of designs have been proposed but the principle of
these devices is relatively constant. They allow a range
of motion between approximately 40° and full extension
with free and unconstrained patellar movement. Advan-
tages of a restraining device include its ability to reduce
lateral or rotary motion of the femur during extension
while allowing unconstrained movement of the patella
and the patellar tendon [42]. Whilst lateral movement of
the knee joint does not obscure patellar maltracking the
relatively fixed position of the femur makes diagnosis
easier. Inadvertent fixation of the patella will obscure ab-
normal movement and should be avoided. This is partic-
ularly important with techniques that examine the patient

Fig. 13 Transient patellar dis-
location with trabecular micro-
fracture on the lateral femoral
condyle (arrow) and medial
retropatellar facet (arrow) and
disruption of the medial reti-
naculum (arrowhead)

Fig. 14 Relationship between increasing tibial tubercle distance
(TTD) and patellar maltracking. The majority of normal patients
and those with mild maltracking had a TTD of less than 20 mm



in the prone position when the knee must be elevated
sufficiently to allow full and free patellar movement.
The restraining devices also allow for the attachment of
motion triggering devices. Various motion-triggering de-
vices have been described [43, 44], the principal ones us-
ing either the intrinsic ECG or respiratory gating mecha-
nisms within the magnet itself. These can then be pre-
programmed to trigger images at particular points in the
flexion-extension cycle. Disadvantages of motion devic-
es include their relatively high cost.

With newer faster imaging techniques, motion trig-
gering and restraining devices are less necessary. In the
technique used by the author, the knees are supported on
a foam cushion, which allows approximately 30° of flex-
ion. The knees are loosely constrained by strapping them
together, which prevents excessive lateral motion. Quad-
riceps loading is achieved by placing an inflatable ball
between the patient’s ankles and the roof of the magnet.
The ball is sealed by a valve situated at the end of a long
plastic tube, which can be opened at the start of the ma-
noeuvre. When ready, the patient releases the valve and
slowly extends the knee against the resistance of the de-
flating ball. During extension a series of fast gradient
echo sequences are obtained, using a TR of 11 ms, a TE
of 4.2 ms and a 15° flip angle. Image degradation by mo-
tion artefact is minimal using this technique. A sequence
of seven 5 mm slices, six axial and one sagittal, are ac-
quired in 8 s on a 480×580 matrix. The axial slices are
positioned to include the full proximal excursion of the
patella as the knee extends. The sagittal image is orien-
tated along the long axis of the patella. This sequence is
repeated 15 times giving a total imaging time of 2 min.
Post-processing involves selecting the axial slice closest
to the centre of the patella in each of the 15 sequences
and compiling these into the final image set, which is
viewed using a cine-loop facility.

Assessing patellar motion

Patellar tracking can be assessed in two ways. The first
involves serial measurement of various parameters that
reflect the relative position of the patella with respect to
the femur, at each point throughout the full range of mo-
tion. Many of the usual measurements that have been de-
scribed above can be used. These include lateral patellar
angle, congruence angle, lateral patellar deviation and
tilt. The principal difficulty with angle and distance mea-
surement is their application to a method where the inter-
osseous relationships change during the examination. As
the knee extends the patella rides up the femoral notch.
This makes relating measurements on the patella to a
fixed point on the femur difficult. Attempts have been
made to reduce these errors by standardising both the ex-
amination and analysis techniques. Powers et al. [45] en-
courage patients to extend at a rate of 9 deg/min, which
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yields standard images at known degrees of flexion;
however, not all patients can manage this rigorous proto-
col and in particular find rotation difficult to control. A
further difficulty with angle measurement is that of the
quality of the images produced during the dynamic
study, as fine detail is not as good as on static images
and consequently reproducibility is impaired.

The alternative is to visually assess the tracking study
on a cine-loop facility (Fig. 15). Using the technique de-
scribed in the previous section, the loop is generated by a
serial display of the axial section closest to the patellar
waist from each of the 15 repetitions. Once created, the
loop can be viewed on a workstation. Normally the pa-
tella remains centrally positioned within the femoral
groove as the knee extends. Various patterns of maltrack-
ing have been described. The most common of these is
lateral subluxation which can be graded as: 1, minor per-
ceptible lateral deviation or tilt; 2, obvious lateral devia-
tion or tilt; and 3, gross patellar subluxation. As it sub-
luxes, there is also a tendency for the patella to tilt later-
ally, presumably due to a rotatory force induced by quad-
riceps contraction.

The advantage of the visual assessment method is that
it can be carried out quickly and does not require com-
plex measurements using a workstation. Disadvantages
are that it is more subjective than direct measurement,
though in practice the significant grades are easily distin-
guished and inter-observer variation seems to be low.

Lateral patellar tilt may occur without lateral patellar
movement. On dynamic MR, this is seen as a reduction
in the lateral patellar angle as the lateral patellar facet
and the lateral femoral condyle approximate. Some au-
thors have referred to this movement anomaly as EPLS

Fig. 15 First (A) and last (B) section from a dynamic tracking
study. Note the marked lateral subluxation and tilt of the patella on
full extension



in 40% of a cohort of 500 patients with anterior knee
pain studied by McNally et al. [16]. Half of these
showed minimal lateral deflection only (grade 1 sublux-
ation). This finding was also present in 30% of a group
of normal volunteers (Table 2). This suggests that patel-
lar motion that is not obvious on visual assessment is un-
likely to be clinically significant. Moderate subluxation
was detected in 40% and severe subluxation in 10% of
patients in the same study. Moderate subluxation was un-
common and severe subluxation did not occur in the
control population.

Patellar subluxation has been linked with both chon-
dromalacia and patellar tendinopathy. We have also identi-
fied a variant of patellar tendinopathy that is particularly
associated with patellar subluxation. This variant is char-
acterised by inflammatory changes in the lateral peritendi-
nous structures, close to the origin of the patellar tendon.
The extensor mechanism appears to be positioned more
laterally and the proximal patellar tendon abuts the lateral
femoral condyle. The inflammatory changes lie between
the femoral condyle and the patellar tendon (Fig. 16).

Treatment and outcomes

A number of outcome studies have shown that the ma-
jority of patients with anterior knee pain follow a self-
limiting course with less than 25% having chronic pain
[47]. Patients with chronic pain are usually young and no
reliable predictors have been established to help differ-
entiate those whose symptoms will persist. The absence
of patellar pain and crepitation, unilateral symptoms dur-
ing the follow-up period, low body height, and young
age are associated with good long-term outcome [48].
There are no reliable studies on the prognosis of patellar
subluxation though long-term uncorrected subluxation
may predispose to OA [49].

The conservative management of anterior knee pain
comprises a combination of orthosis, physiotherapy, tap-
ing and NSAIDS. Kannus et al. [50] reported that many
patients respond to these methods though a high propor-
tion were left with some degree of anterior knee pain at
final follow-up. Patients in whom there is a defined
cause, such as overuse, have a better prognosis [51].

Patients who do not respond to conservative measures
may be offered one of a variety of surgical procedures.
Much of the literature on these procedures involves rela-
tively small numbers of patients, is poorly controlled and
there is little agreement on outcome measures [1, 2]. One
of the more common is surgical division and release of
the lateral retinaculum. Good results in correcting sub-
luxation [52] and relieving symptoms [53, 54, 55, 56,
57] have been reported, but not in all cases [58]. Al-
though reports on lateral release are generally favour-
able, the majority of studies are not randomised and
poorly controlled. There is also a perception that the pro-
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or excessive lateral pressure syndrome. More complex
grading systems have been advocated to take this into
account, with patients separated into different groups in-
cluding those with subluxation only, those with tilt only
or those with both subluxation and tilt. The clinical sig-
nificance of making these distinctions has not been firm-
ly established. The contribution of lateral retinacular ten-
sion to subluxation and tilt is also unclear. The assump-
tion that a tight retinaculum contributes to maltracking
has formed the basis for operative release, though in the
majority of patients with maltracking on dynamic MR,
the lateral retinaculum appears lax. Medial patellar sub-
luxation is rare on MR, though medial deviation has
been reported as normal phenomenon during walking
[46].

Patellar subluxation is common and is a disorder of
young active people in the third and fourth decades. 
Using visual assessment grades, maltracking was found

Fig. 16 Variant of patellar tendinopathy in a patient with patellar
subluxation (insert). Note the proximity of the patellar tendon
with the lateral femoral condyle

Table 2 Prevalence of three grades of patellar maltracking in pa-
tients with anterior knee pain and normal volunteers

Anterior knee pain Normal

1 51% 31%
2 39% 9%
3 10% 0
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cedure is carried out too frequently in patients with ante-
rior knee pain with little thought to pre-operative assess-
ment. Fu and others warn against this [59] and of the
high complication rates that are reported in some studies
[60]. Its efficacy in patients with transient patellar sub-
luxation has also been questioned. In a long-term follow-
up study over 8 years, Aglietti et al. [58] found that 40%
of patients undergoing lateral release had recurrence of
patellar dislocation. There are no studies that examine its
role in patients with chronic maltracking. Shea and Fu-
lkerson [55] retrospectively classified patients into
groups according to the presence of CT-proven patellar
tilt on static images. The group with CT-proven tilt had a
significantly better outcome from lateral release than pa-
tients with normal CT findings. The predictive value of
other morphological abnormalities including patella alta
and an increased TTD, or of the presence of tracking ab-
normalities on dynamic testing, is not known.

Another popular procedure is tibial tubercle transfer.
This involves the excision of a block of bone containing
the insertion of the patellar tendon and its re-insertion on-
to a more medial location with the aim of restoring the
alignment of the quadriceps mechanism and tubercle.
Nagamine et al. [61] recommend a displacement of ap-
proximately 1 cm. Uncontrolled studies suggest a favour-
able outcome[61, 62, 63] but once again overuse of this
procedure has been criticised and Post and Fulkerson [64]
have recommended that surgery should only be carried
out when malalignment is confirmed on imaging. Belle-
mans et al. [63] also noted improvement in function
scores when patients with anterior knee pain were select-
ed based on their pre-operative congruence and tilt an-
gles, though not all studies have shown that these particu-
lar measurements improve following surgery. Patients
with transient patellar dislocation undergoing tibial tuber-
cle reimplantation had a much lower risk of redislocation
(4%), but up to a third suffered post-operative pain,
swelling and crepitus. A further third did not improve
their patellar-femoral relationships after surgery and 
Aglietti et al. concluded that although transposition of the
tuberosity was appealing, clinical advantages are less evi-
dent [58]. A proportion of patients with marked laterali-
sation may require tibial de-rotation osteotomies in place
of, or occasionally in addition to, re-implantation proce-
dures. Outcomes in patients with chronic maltracking un-
dergoing tubercle reimplantation have not been reported.

The mixed results from the variety of surgical proce-
dures has led to the suggestion that patients need to be
more accurately classified before surgery is undertaken.
Holmes and Clancy [65] suggest dividing patients into
three groups: (1) patellofemoral instability, i.e. subluxation
or dislocation; (2) patellofemoral pain with malalignment
but no episodes of instability; and (3) patellofemoral pain
without malalignment . The combination of static and dy-
namic MRI can assist with this differentiation.

Conclusions

Anterior knee pain is a common symptom affecting
young people. Patients with this symptom are not a sin-
gle homogeneous group; some have a recognised defin-
able remediable cause while others do not. Plain films
are often the initial radiological investigation though
they are of limited value. The combination of static and
dynamic MRI allows patients with anterior knee pain to
be more accurately assessed. Static images are used to
exclude remediable causes including patellar or quadri-
ceps tendon disease, osteochondral disease of the pa-
tello-femoral joint, diseases of Hoffa’s fat pad and ante-
rior meniscal tears. The sequelae of transient patellar dis-
location should be specifically sought. Static images us-
ing thin sections and multi-planar reconstruction are
used to detect and measure the morphological relation-
ships between the distal femur, proximal tibia and patel-
la. Specific measurements that should be included in the
radiology report are the sulcus angle, sulcus depth, con-
gruence angle, lateral patellar distance, lateral patellar
tilt, lateral patellar angles, PTR and TTD. A comment on
patellar shape should be included, particularly if it is
type 3. Although some of these measurements on radio-
graphs and static cross-sectional images predict mal-
tracking they are insensitive. Dynamic MR provides an
apparently sensitive and reproducible technique, though
it is difficult to define a gold standard. The combination
of static and dynamic MR can correctly classify patients
into three subgroups. These groups are anterior knee
pain only, anterior knee pain and abnormal morphology,
and anterior knee pain, abnormal morphology and mal-
tracking. The future hope is that correct classification
may lead to more appropriate surgery and better out-
comes.

References

1. Johnson RP. Anterior knee pain in ado-
lescents and young adults [see com-
ments]. Curr Opin Rheumatol 1997;
9:159–164.

2. Cutbill JW, Ladly KO, Bray RC, Thorne
P, Verhoef M. Anterior knee pain: a re-
view. Clin J Sport Med 1997; 7:40–45.

3. Witonski D. [Anterior knee pain syn-
drome: a historical review]. Chirurgia
Narzadow Ruchu I Ortopedia Polska
1998; 63:379–385.

4. Fairbank JC, Pynsent PB, van Poortvliet
JA, Phillips H. Mechanical factors in
the incidence of knee pain in adoles-
cents and young adults. J Bone Joint
Surg Br 1984; 66:685–693.



494

5. Hayes CW. MRI of the patellofemoral
joint. Semin Ultrasound CT MRI 1994;
15:383–395.

6. Fithian DC, Mishra DK, Balen PF,
Stone ML, Daniel DM. Instrumented
measurement of patellar mobility. 
Am J Sports Med 1995; 23:607–615.

7. Gagliardi JA, Chung EM, Chandnani
VP, Kesling KL, Christensen KP, Null
RN, Radvany MG, Hansen MF. Detec-
tion and staging of chondromalacia pa-
tellae: relative efficacies of conven-
tional MR imaging, MR arthrography,
and CT arthrography. AJR Am J
Roentgenol 1994; 163:629–636.

8. Iossifidis A, Brueton RN. Painful 
bipartite patella following injury. 
Injury 1995; 26:175–176.

9. Ishikawa H, Sakurai A, Hirata S, Ohno
O, Kita K, Sato T, Kashiwagi D. Pain-
ful bipartite patella in young athletes;
the diagnostic value of skyline views
taken in squatting position and the re-
sults of surgical excision. Clin Orthop
1994; 223–228.

10. Mori Y, Kubo M, Shimokoube J, 
Kuroki Y. Osteochondritis dissecans of
the patellofemoral groove in athletes:
unusual cases of patellofemoral pain.
Knee Surg Sports Traumatol Arthrosc
1994; 2:242–244.

11. Pinar H, Ozkan M, Akseki D, 
Yörükoglu K. Traumatic prepatellar
neuroma: an unusual cause of anterior
knee pain. Knee Surg Sports Traumatol
Arthrosc 1996; 4:154–156.

12. Eckhoff DG, Montgomery WK, 
Kilcoyne RF, Stamm ER. Femoral
morphometry and anterior knee pain.
Clin Orthop 1994; 64–68.

13. Eckhoff DG, Brown AW, Kilcoyne RF,
Stamm ER. Knee version associated
with anterior knee pain. Clin Orthop
1997; 152–155.

14. Thomee R, Renstrom P, Karlsson J,
Grimby G. Patellofemoral pain syn-
drome in young women. I. A clinical
analysis of alignment, pain parameters,
common symptoms and functional ac-
tivity level. Scand J Med Sci Sports
1995; 5:237–244.

15. Ando T, Hirose H, Inoue M, Shino K,
Doi T. A new method using computed
tomographic scan to measure the rectus
femoris-patellar tendon Q-angle: com-
parison with conventional method. 
Clin Orthop 1993; 289.

16. McNally E, Ostlere S, Pal C, Phillips
A, Reid H, Dodd C. Assessment of pa-
tellar maltracking using combined stat-
ic and dynamic MRI. Eur Radiol 2000;
10:1051–1055.

17. Wiberg G. Roentgenographic and ana-
tomic studies of the femoropatellar
joint. Acta Orthop Scand 1941;
12:319–419.

18. Nietosvaara Y, Aalto K. The cartilagi-
nous femoral sulcus in children with
patellar dislocation: an ultrasonogra-
phic study. J Pediatr Orthop 1997;
17:50–53.

19. Sakai N, Luo ZP, Rand JA, An KN.
The influence of weakness in the vas-
tus medialis oblique muscle on the pa-
tellofemoral joint: an in vitro biome-
chanical study. Clin Biomech 2000;
15:335–339.

20. Cerny K. Vastus medialis oblique/vas-
tus lateralis muscle activity ratios for
selected exercises in persons with and
without patellofemoral pain syndrome.
Phys Ther 1995; 75:672–683.

21. Szebenyi B, Dieppe PA, Buckland-
Wright JC. Radio-anatomic position 
for the lateral radiographic view of 
the human patello-femoral joint. 
Surg Radiol Anat 1995; 17:79–81.

22. Kannus PA. Long patellar tendon: 
radiographic sign of patellofemoral
pain syndrome: a prospective study.
Radiology 1992; 185:859–863.

23. Luo ZP, Sakai N, Rand JA, An KN.
Tensile stress of the lateral patellofem-
oral ligament during knee motion. 
Am J Knee Surg 1997; 10:139–144.

24. Beaconsfield T, Pintore E, Maffulli N,
Petri GJ. Radiological measurements 
in patellofemoral disorders: a review. 
Clin Orthop 1994; 308:18–28.

25. Murray TF, Dupont JY, Fulkerson JP.
Axial and lateral radiographs in evalu-
ating patellofemoral malalignment. 
Am J Sports Med 1999; 27:580–584.

26. Muhle C, Brossmann J, Heller M.
[Functional MRI of the femoropatellar
joint]. Radiologe 1995; 35:117–
124.

27. Walker C, Cassar Pullicino VN, Vaisha
R, McCall IW. The patello-femoral
joint: a critical appraisal of its geome-
tric assessment utilizing conventional
axial radiography and computed arthro-
tomography. Br J Radiol 1993;
66:755–761.

28. Skalley TC, Terry GC, Teitge RA. The
quantitative measurement of normal
passive medial and lateral patellar mo-
tion limits. Am J Sports Med 1993;
21:728–732.

29. Koskinen SK, Taimela S, Nelimarkka
O, Komu M, Kujala UM. Magnetic
resonance imaging of patellofemoral
relationships. Skeletal Radiol 1993;
22:403–410.

30. Kirsch MD, Fitzgerald SW, Friedman
H, Rogers LF. Transient lateral patellar
dislocation: diagnosis with MR imag-
ing. AJR Am J Roentgenol 1993;
161:109–113.

31. Muneta T, Yamamoto H, Ishibashi T,
Asahina S, Furuya K. Computerized
tomographic analysis of tibial tubercle
position in the painful female patello-
femoral joint. Am J Sports Med 1994;
22:67–71.

32. Grelsamer RP, Newton PM, Staron RB.
The medial-lateral position of the pa-
tella on routine magnetic resonance 
imaging: when is normal not normal?
Arthroscopy 1998; 14:23–28.

33. Jones RB, Barlett EC, Vainright JR,
Carroll RG. CT determination of tibial
tubercle lateralization in patients pre-
senting with anterior knee pain. 
Skeletal Radiol 1995; 24:505–509.

34. Grelsamer RP, Proctor CS, Bazos AN.
Evaluation of patellar shape in the 
sagittal plane: a clinical analysis. 
Am J Sports Med 1994; 22:61–66.

35. Aparicio G, Abril JC, Calvo E, Alvarez
L. Radiologic study of patellar height
in Osgood-Schlatter disease. J Pediatr
Orthop 1997; 17:63–66.

36. Miller TT, Staron RB, Feldman F. 
Patellar height on sagittal MR imaging
of the knee. AJR Am J Roentgenol
1996; 167:339–341.

37. Simmons E Jr, Cameron JC. Patella
alta and recurrent dislocation of the pa-
tella. Clin Orthop 1992; 265–269.

38. Pookarnjanamorakot C, Jaovisidha S,
Apiyasawat P. The patellar tilt angle:
correlation of MRI evaluation with an-
terior knee pain. J Med Assoc Thailand
1998; 81:958–963.

39. Brossmann J, Muhle C, Bull CC, 
Zieplies J, Melchert UH, Brinkmann
G, Schroder C, Heller M. Cine MR im-
aging before and after realignment sur-
gery for patellar maltracking: compari-
son with axial radiographs. Skeletal
Radiol 1995; 24:191–196.

40. Guzzanti V, Gigante A, Di Lazzaro A,
Fabbriciani C. Patellofemoral mal-
alignment in adolescents: computerized
tomographic assessment with or with-
out quadriceps contraction. Am J Sports
Med 1994; 22:55–60.

41. Delgado-Martinez AD, Estrada C, 
Rodriguez-Merchan EC, Atienza M,
Ordonez JM. CT scanning of the pa-
tellofemoral joint: the quadriceps re-
laxed or contracted? Int Orthop 1996;
20:159–162.

42. Muhle C, Brossmann J, HellerM. Kine-
matic MRI of the knee using a specially
designed positioning device. J Comput
Assist Tomogr 1996; 20:522–525.

43. Brossmann J, Muhle C, Bull CC,
Schroder C, Melchert UH, Zieplies J,
Spielmann RP, Heller M. Evaluation of
patellar tracking in patients with sus-
pected patellar malalignment: cine MR
imaging vs arthroscopy. AJR Am J
Roentgenol 1994; 162:361–367.

44. Brossmann J, Muhle C, Schroder C,
Melchert UH, Bull CC, Spielmann RP,
Heller M. Patellar tracking patterns
during active and passive knee exten-
sion: evaluation with motion-triggered
cine MR imaging. Radiology 1993;
187:205–212.



495

45. Powers CM, Shellock FG, Pfaff M.
Quantification of patellar tracking 
using kinematic MRI. J Magn Reson
Imaging 1998; 8:724–732.

46. Stein LA, Endicott AN, Sampalis JS,
Kaplow MA, Patel MD, Mitchell NS.
Motion of the patella during walking: a
video digital-fluoroscopic study in
healthy volunteers. AJR Am J Roent-
genol 1993; 161:617–620.

47. Nimon G, Murray D, Sandow M,
Goodfellow J. Natural history of ante-
rior knee pain: a 14- to 20-year follow-
up of nonoperative management. 
J Pediatr Orthop 1998; 18:118–122.

48. Natri A, Kannus P, Järvinen M. Which
factors predict the long-term outcome
in chronic patellofemoral pain syn-
drome? A 7-yr prospective follow-up
study. Med Sci Sports Exerc 1998;
30:1572–1577.

49. Harrison MM, Cooke TD, Fisher SB,
Griffin MP. Patterns of knee arthrosis
and patellar subluxation. Clin Orthop
1994; 309:56–63.

50. Kannus P, Natri A, Paakkala T, 
Järvinen M. An outcome study of
chronic patellofemoral pain syndrome:
seven-year follow-up of patients in a
randomized, controlled trial. J Bone
Joint Surg Am 1999; 81:355–363.

51. Milgrom C, Finestone A, Shlamkovitch
N, Giladi M, Radin E. Anterior knee
pain caused by overactivity: a long
term prospective followup. Clin Orthop
Rel Res 1996; 256–260.

52. Koskinen SK, Hurme M, Kujala UM,
Kormano M. Effect of lateral release
on patellar motion in chondromalacia:
an MRI study of 11 knees. Acta Orthop
Scand 1990; 61:311–312.

53. Brief LP. Lateral patellar instability:
treatment with a combined open-
arthroscopic approach. Arthroscopy
1993; 9:617–623.

54. Fabbriciani C, Panni AS, Delcogliano
A. Role of arthroscopic lateral release
in the treatment of patellofemoral dis-
orders. Arthroscopy 1992; 8:531–536.

55. Shea KP, Fulkerson JP. Preoperative
computed tomography scanning and ar-
throscopy in predicting outcome after
lateral retinacular release. Arthroscopy
1992; 8:327–334.

56. Maenpaa H, Lehto MU. Patellar dislo-
cation: the long-term results of nonop-
erative management in 100 patients.
Am J Sports Med 1997; 25:213–217.

57. Dandy DJ, Desai SS. The results of ar-
throscopic lateral release of the exten-
sor mechanism for recurrent disloca-
tion of the patella after 8 years. 
Arthroscopy 1994; 10:540–545.

58. Aglietti P, Buzzi R, De Biase P, Giron
F. Surgical treatment of recurrent dislo-
cation of the patella. Clin Orthop Rel
Res 1994; 8–17.

59. Fu FH, Maday MG. Arthroscopic late-
ral release and the lateral patellar com-
pression syndrome. Orthop Clin North
Am 1992; 23:601–612.

60. Sherman OH, Fox JM, Snyder SJ, Del
Pizzo W, Friedman MJ, Ferkel RD,
Lawley MJ. Arthroscopy – no-problem
surgery. An analysis of complications
in two thousand six hundred and forty
cases. J Bone Joint Surg Am 1986;
68:256–265.

61. Nagamine R, Whiteside LA, Otani T,
White SE, McCarthy DS. Effect of 
medial displacement of the tibial tu-
bercle on patellar position after rota-
tional malposition of the femoral com-
ponent in total knee arthroplasty. 
J Arthro plasty 1996; 11:104–110.

62. Riegler HF. Recurrent dislocations and
subluxations of the patella. Clin Orthop
Rel Res 1988; 227:201–209.

63. Bellemans J, Cauwenberghs F, 
Witvrouw E, Brys P, Victor J. Antero-
medial tibial tubercle transfer in pa-
tients with chronic anterior knee pain
and a subluxation-type patellar mal-
alignment. Am J Sports Med 1997;
25:375–381.

64. Post WR, Fulkerson JP. Anterior knee
pain: a symptom not a diagnosis. Bull
Rheum Dis 1993; 42:5–7.

65. Holmes SW Jr, Clancy WG Jr. Clinical
classification of patellofemoral pain
and dysfunction. J Orthop Sports Phys
Ther 1998; 28:299–306.


