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Abstract

Disorders of the anterior knee are common and include patellofemoral syndrome, patella instability, patella fracture, and patellar and
quadriceps tendon ruptures. Depending on the operative procedure performed, the post-operative imaging appearance of these knees may
be confusing. It is crucial for the radiologist to be familiar with the procedures performed in order to recognize the postoperative findings.
Radiologists must be able to interpret hardware (anchors, screw and wires) and disruptions in soft tissue planes that may persist with these
t
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. Introduction

Disorders of the anterior knee are common and include
atellofemoral syndrome, patella instability, patella fracture,
nd patellar and quadriceps tendon ruptures[1]. Even though

he majority of clinical disorders are treated conservatively,
ome require surgical intervention[2,3]. Depending on the
perative procedure performed, the post-operative imaging
ppearance of these knees may be confusing. It is crucial for

he radiologist to be familiar with the procedures performed
n order to recognize the postoperative findings. Radiologists

ust be able to interpret hardware (anchors, screw and wires)
nd disruptions in soft tissue planes that may persist with

hese types of procedures.
The extensor mechanism of the knee is an intertwined net

f tendinous, capsular and ligamentous tissues, which enables
mechanically optimal insertion of the quadriceps muscles to

he proximal tibia. The tendons of the vastus muscles (inter-
edius, medialis and lateralis) and the rectus femoris come

ogether distally to form the quadriceps tendon. This attaches
o the upper pole of the patella. The fibers of the patellar

tendon extend from the inferior pole of the patella to
tibial tuberosity. There are continuous fibers between qu
ceps and patellar tendons traversing the anterior aspect
patella, making the patella anatomically and physiologic
a sesamoid bone[4].

The terms patellar tendon and patellar ligament have
used interchangeably in the literature, and refer to the i
patellar portion of the quadriceps mechanism. The carti
nous surface of the patella articulates with the intercond
or trochlear groove of the femur, a surface that is also l
with hyaline cartilage. This configuration allows for smo
gliding of the large extensor tendon over the distal fe
during flexion and extension.

In addition to the patellofemoral articulation, alignmen
the extensor mechanism is further maintained by the m
patellar retinaculum. This structure resists the “natural”
eral and posterior pull on the patella by the constellation o
extensor structures. The medial patellar retinaculum is
prised of layers described as fascial condensations rathe
true separate ligaments. The most superficial layer I con
of the deep fascia of the subcutaneous compartment.
∗ Corresponding author. Tel.: +1 310 206 9378; fax: +1 310 794 1428.

II includes the medial patellofemoral ligament (MPFL), the
superficial medial collateral ligament (MCL) and the patel-
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Fig. 1. (a) Anteroposterior view of the knee shows a circular tension wire and two Kirschner wires fixating a patellar waist fracture. (b) Axial fat-saturated
T2-weighted image shows the ferromagnetic artifact caused by the wire. Note that a horizontal phase encoding axis was chosen to avoid the artifact obscuring
the patellofemoral articulation. Also note the incomplete fat-saturation of the patella due to field inhomogeneity caused by the presence of the wires. (c) Sagittal
gradient echo localizer image shows the blooming artifact caused by the hardware. In general, gradient echo sequences should be avoided when dealingwith
hardware.



K. Motamedi et al. / European Journal of Radiology 54 (2005) 199–205 201

lotibial ligament. These structures merge with layer III, which
is the portion of the joint capsule deep to MCL, sometimes
referred to as the medial capsular ligament. Though not a
part of the medial patellar retinaculum, the vastus medialis
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Fig. 3. Lateral radiograph shows tension wire fixation of a patellar tendon
tear.

oblique (VMO) muscle participates in stability of the knee
extensor mechanism by contributing fibers to the superficial
ig. 2. (a) Lateral knee radiograph depicts three suture anchors reattaching
he patellar tendon to the proximal tibia and (b) sagittal T1-weighted image
hows the ferromagnetic artifact caused by the suture anchors. Note the
hickened distal patella tendon from prior tea.

layer of the MPFL prior to inserting directly onto the superior
and medial aspect of the patella[5].

F pad,
i

ig. 4. Sagittal proton density image shows stranding of the Hoffa fat
ndicating scar tissue from prior arthroscopy port placement.
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2. Extensor mechanism disorders

Patellofemoral pathology includes several discrete enti-
ties. Traumatic injuries include acute patellar fracture and
quadriceps or patellar tendon rupture. Overuse injuries re-
lated to repetitive trauma include patellar tendonitis (jumper’s
knee), quadriceps tendonitis, and iliotibial band syndrome.
Late effects of trauma may include patellofemoral arthritis
and anterior fat pad syndrome (Hoffa disease)[1].

The lateral patellar compression syndrome is a disorder
caused by a tight lateral retinaculum leading to lateral patellar
tilt, without excessive patellar mobility.

Patellar instability refers to recurrent subluxations and/or
dislocations of the patella. Abnormalities of patellar height
may also be present (high-riding patella alta, or low-riding
patella baja).

Patellar chondromalacia is a common disorder that causes
anterior knee symptoms. This may be due to abnormal track-
ing, or may be idiopathic. The Outerbridge arthroscopic clas-
sification is widely used to define the severity of chondral
damage: stage I, softening; stage II, fissures; stage III, crab-
meat changes and stage IV, exposed subchondral bone.

With the exception of acute fracture, patella dislocation
with osteochondral fragments and complete tendon disrup-
tion, most patellofemoral disorders are treated conserva-
tively. This may include rest, non-steroidal anti-inflammatory
a ent.
A ter-
v e an
o esir-
a

F teral
p ).

3. Trauma

3.1. Patella fracture

The mechanism of patellar fracture is usually a direct blow
to the anterior knee. Clinically, the inability to extend the knee
and a palpable defect indicate incompetence of the extensor
mechanism. The fractures may be transverse, vertical or com-
minuted. A separation more than 3 mm or an articular step-
off of more than 2 mm indicates significant displacement that
requires open reduction and internal fixation to re-establish
the articular surface. This can be accomplished using tension
wires, frequently in a figure-of-eight or circular configura-
tion, Kirschner wires and screws (Fig. 1a) [7]. Occasionally,
a comminuted fracture will necessitate a partial patellectomy,
preserving the largest fragment.

When obtaining MR images on these post-operative knees,
attention should be paid to choose a horizontal phase encod-
ing axis to avoid ferromagnetic artifact obscuring the internal

Fig. 6. Lateral radiograph of the knee shows healed partial anterior wedge
osteotomy of the tibia with an integrated interposed bone block.
gents, physical therapy, icing and/or ultrasound treatm
more aggressive approach including early surgical in

ention may be undertaken with the elite athlete wher
ptimal outcome and more rapid return to play may be d
ble[6].

ig. 5. Axial T2-weighted fast-saturated image shows a fold in the la
atellar retinaculum with a small interruption of the fibers (arrow head
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structures (Fig. 1b). Gradient echo images should be entirely
avoided. If evaluating for marrow contusion, an inversion
recovery sequence should be utilized to avoid field inhomo-
geneity that can be problematic with fat-saturated sequences
(Fig. 1c).

3.2. Patellar and quadriceps tendon rupture

Patellar tendon rupture commonly occurs in an active adult
patient, younger than 40 years in age. Previous or chronic
patellar tendonitis is considered a risk factor. Not uncom-
monly, there is an associated avulsion fracture of the inferior
pole of the patella. Quadriceps tendon rupture is more com-
mon than patellar tendon rupture, and is usually seen in adults
over 40 years in age. Patients with end-stage renal disease and
mucoid degeneration of the tendon are at increased risk for
this injury. In contrast to patellar tendon ruptures, quadriceps
tendon tears are most often intratendinous occurring approx-
imately 2 cm above the proximal pole of the patella.

Direct primary tendon repair is usually indicated for patel-
lar tendon rupture (Fig. 2a and b). The surgeon may use
non-absorbable sutures woven through the tendon and placed
through drill holes in the patella. Suture anchors may also be
used. Augmentation with cerclage wires or tape may be per-

formed as well (Fig. 3). Quadriceps tendon ruptures with loss
of active knee extension are usually treated with primary sur-
gical end-to-end repair. Again, sutures are woven through the
tendon and then tied together for repair. Medial and lateral
retinacular tears may also occur in both injuries. Direct repair
is accomplished with suture[8,9].

4. Patellofemoral dysplasia

4.1. Lateral patellar facet compression syndrome

This clinical problem is associated with a congenitally
tight lateral retinaculum and a lateral tilt of the patella that
augments the “natural” lateral pull forces exerted by the ex-
tensor apparatus. The tight lateral retinaculum results in de-
creased patellar mobility.

Occasionally, these individuals will benefit from a lateral
retinacular release. This procedure is performed arthroscop-
ically, and may be accompanied by tightening of the medial
structures (medial reefing)[10]. As with all arthroscopic pro-
cedures, scarring may be seen in Hoffa’s fat pad (Fig. 4) [11].
The site of surgical lateral patellar retinaculum transsection
is often not seen on MRI, as it may be small or healed with

F
o

ig. 7. (A) AP radiograph of the knee with three screws over the osteotomy s
ver the tibial tuberosity and thickening of the patellar tendon.
ite of the tibial tuberosity. (B) Lateral projection shows the location of the screws
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Fig. 8. Lateral portable intraoperative radiograph in a skeletally immature
patient shows two screws overlying the patella.

fibrous tissue (Fig. 5). Occasionally, a focal thickening or
suture artifact may be encountered.

4.2. Recurrent patellar dislocation or subluxation

Patellar instability is a multifactorial problem. Many feel
that a combination of a shallow intercondylar fossa and patel-
lar incongruence is the main causative factor[12]. Femoral
anteversion, genu valgum and a pronated foot may exacerbate
the symptoms, especially in adolescents[5].

Most frequently, extensive rehabilitation is curative. Sur-
gical intervention may, however, be considered in recalcitrant
cases. Numerous surgical procedures have been described.
An acute first-time patella dislocation may be treated with
arthroscopic elevation and debridement, along with acute re-
pair of the medial patellofemoral ligament. Many surgical
options are available for recurrent patella dislocations in-
cluding reconstruction of the medial patellofemoral ligament,
and distal realignment procedures. Distal realignment proce-
dures involve elevation and/or medial placement of the tibial
tuberosity, with the objective to decrease the “natural” lateral
or backwards pull of the patella. The procedure first described
by Maquet serves to decrease the posterior pull of the patella
and the patellofemoral contact pressure. The tibial tuberos-
ity is elevated 1–2 cm by an incomplete wedge osteotomy
a ibial
t one
b this
l
T the

Fig. 9. (A) Axial fat-saturated T2-weighted image shows the full-thickness ap o
repair this site. (B) Same sequence shows the repaired site after a year, with f th
surface appreciated.
long the anterior aspect of the tibia that includes the t
uberosity at the insertion site of the patellar tendon. A b
lock is then placed in the osteotomy site to displace

oosened bone wedge anteriorly (Fig. 6) [13]. The Ellmslie-
rillat procedure consists of a complete osteotomy of

ical cartilage defect of the patella. Transferred osteochondral plugs were used t
healed and integrated bone plug. There is only a subtle irregularity oe cartilage
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tibial tuberosity at its base and medial screw fixation (Fig. 7)
[14,15]. The Fulkerson method combines these two proce-
dures, and involves both elevation and medial displacement
of the tibial tuberosity[16,17].

4.3. Patellar height abnormality

Congenital or acquired patella alta (high) or baja (low)
may be associated with patellar instability. The abnormally
short or long patella tendon may result in an abnormal ar-
ticulation between the patella and the intercondylar sulcus,
constraining the patella’s normal gliding movements[18].
Surgical correction is extremely rare but may involve trans-
section of the tendon with either shortening or lengthening
and possible augmentation with tapes or wires.

5. Chondromalacia patellae

Chondromalacia patellae may occur with all of the above
clinical entities as described above. Acute osteochondral in-
juries usually occur as a result of rotational forces from direct
trauma. Debridement with or without chondroplasty is un-
dertaken for symptomatic lesions. A displaced osteochondral
fragment can usually be replaced in the bone bed and secured
with screws or absorbable pins. Isolated full-thickness carti-
l hon-
d raft
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Comparison with preoperative imaging studies is most valu-
able.
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