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13.1
Introduction

The extensor mechanism of the knee is composed of
the quadriceps muscle group and tendon, the patel-
la, the patellar ligament, the tibial tubercle and the
patellar retinaculum. The patellofernoral articulation
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centralizes the entire mechanism on the anterior
surface of the femur, and during knee extension it
mediates the forces generated by the largest muscles
through the largest lever arms in the body. Minor
variations in each component of the extensor mech-
anism may affect the centralizing function of the
patellofemoral joint by altering the patellar tracking
in the sulcus of the femur and result in patellofemo-
ral pain and joint degeneration. In spite of extensive
experimental and clinical research, the problems of
the patellofemoral joint remain a challenge to cli-
nicians, and without a clear understanding of why
patellar disorders occur it is not surprising that there
is no consensus on how to treat them (THOMEE et
al. 1999), Neither the widespread use of arthroscopy
nor the availability of newer diagnostic imaging tech-
niques such as ultrasound, computed tomography
(CT} and magnetic resonance (MR) imaging has so
tar contributed significantly to the understanding
of disorders related to dysfunction of the extensor
mechanism or w0 the traditional treatment of patel-
lofemoral disorders (INsaLL 1995).

Clinical assessment and imaging of the normal
and injured patellofemoral joint require knowledge
not only about the anatomy and biomechanics of the
knee and the extensor mechanism, but also about the
site and pathoanatomical characteristics of the dif-
ferent disorders in question. In each clinical situa-
tion, the (MERCHANT 1988) classification system of
patellofemoral disorders (Table 13.1) may be useful
inidentifying the different abnormalities. The system
defines the etiology and pathomechanics of patello-
femoral disorders and categorizes the diagnoses such
that relevant examination plans can be initiated and
treatment suggested. However, in the absence of evo-
lution in the classification, examination, and treat-
ment of patellofemoral disorders, it is felt by the
authors of the present chapter that some fundamen-
tals of biomechanics of the knee have been ignored
for many years and that the relation between some
scientific observations and commonly observed path-
oanatomical and surgical findings has been over-
looked (FULKERSON 1997: ScUDERT 1995).
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Table 13.1. The Merchant classification system of patellofemoral
disorders

s caused by trauma
ormial kreef

1 Trauwma (condit
in the otherwis

A, Acute Trauma
1. Contusion
2, Fracture
a) Patella
b} Femoral trochlea
¢} Proximal tibial epiphysis (tubercle)
3. Dislocation (rare in the normal knee)
4. Rupture
a) Quadriceps tendon
b} Patellar tendon
B. Repetitive trauma (overuse syndromes)
1. Patellar tendinitis (“jumper's knee”)
2. Quadriceps tendinitis
3, Peripatellar tendinitis (e.g., anterior knee pain in the
adolescent caused by hamstring contracture)
4. Prepatellar bursitis (“housemaid's knee®)
3. Apophysitis
a) Osgood-Schlatter disease
b} Sinding-Larsen-Johansson disease
C. Late effects of trauma
I. Post-traumatic chrondromalacia patellae
I. Post-traumatic patellofemoral arthritis
3. Anterior fat pad syndrome (post-traumatic fibrosis)
4. Reflex sympathetic dystrophy of the patella
5. Fatellar osseous dystrophy
6. Acquired patella infera
7. Acquired quadriceps fibrosis

11 Patellofemoral dysplasia
A, Lateral patellar compression syndrome
I. Secondary chondromalacia patellae
2 Secondary patellofemoral arthritis
B. Chronic subluxation of the patella
I. Secondary chondromalacia patellae
i Secondary patellofemnoral arthritis
C. Recurrent dislocation of the patella
1. Associated fracturcs
a) Osteochrondral (intra-articular)
b} Avulsion (extra-articular)
D, Chronic dislocation of the patella
1. Developmental
2. Acquired

HI Idiopathic chondromalacia patellae

IV Osteochondritis dissecarns

A Patelia
B. Femoral trochlea

V. Synovial plicae (anatomic varianis made sympromatic
!r}' dcuile or reperitive .‘r|4|4m|4_|
A. Pathologic medial patellar plica {“shelf")
B. Pathologic suprapatellar plica

C. Pathologic lateral patellar plica

VI latrogenic disorders

A. latrogenic medical patellar compression syndrome
B. latrogenic chronic medial subluxation ol the patella

. Iatrogenic patella infera

N. Egund and L. Byd

It has generally been accepted that radiographic
assessment of the femorotibial joint spaces should be
performed in the standing, weight-bearing position
with the knee in semifiexion. With the patient stand-
ing on one leg, this AP or PA radiographic view also
allows assessment of varus or valgus angulations and
subluxation. Clinical examinations and tests as well
as imaging of the patellofemoral joint are in general
performed in the non-weight-bearing supine posi-
tion; however, it is uncertain and unexplored how
valid these measurements are for performance in the
standing position, in which disorders develop and
may give rise to pain. Following the monograph of
(AHLBACK 1968), the authors of the present chapter
were brought up with weight-bearing radiographic
views of the knee including the patellofemoral joint,
clinically as well as in research. Recently, during ongo-
ing research, we became aware of some major differ-
ences between weight-bearing and non-weight-bearing
imaging, which at present may be considered contro-
versial but will contribute to changes in the under-
standing and treatment of patellofemoral disorders,

13.2
Anatomy

The patellofemoral joint consists of the trochlea
{patellar groove, femoral sulcus) of the femur and the
patellar articular surfaces (Fig. 13.1). The embryal-
ogy of the patella and the femoral trochlea is fas~- nat
ing (LanGER 1929), with early essential characteris-
tics of the adult. Initially, the medial and lateral facets
are equal in size, but after 23 weeks' gestation the lat-
eral facet tends to predominate. Before this time the
lateral facet of the trochlea has a greater transverse
width and is anteriorly more prominent, although the
patella is positioned distal to and without contact to
the trochlea. During growth and following function,
the shape of the patella may be modified. WiserG
(1941} described three configurations of the patellar
joint (Fig, 13.2), Wiberg type [1 (Fig. 13.1) has a small-
er medial facet and represents the most common
patellar anatomy. WiBERG suggested that type 11l may
be correlated to chondromalacia, but this has not
been confirmed. A number of different anatomical
variations and ossification variants may be observed
(KEATS 19596).
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Fig. 13.1a, b. Normal patellofemoral joint in a 24-year-old male. a Axial radiographic view and b transaxial MR sectioning

through the middle of the patella obtained by a proton fat-saturated sequence with the knee in 20° of flexion, The lateral (L}
facets of the patella and the femoral condyle are larger than the medial facets (M), and the depth of the osseous condylar groove

is greater than the cartilaginous. The medial patellar cartilaginous facet is separated from the odd facet () by a ridge

b

Fig. 13.2a, b. Axial radiographic views of two patellofemoral joints. Wiberg type T {a} is rare and the medial (M) and lateral
(L] [acets are almost equal in size. Wiberg type II1 (b} has a large lateral (L) and a small medial (M) facet and is com manly
associated with a Eargl: sulcus :I.‘.\H]r_'. I'}'pﬂ [I, the most common lype, iz shown in Fjg_ 13.1

13.2.1
Soft Tissue Stabilizers

The patella is the turning peint of the converting reti-
nacular structures, which consist of ligaments, mus-
cles and joint capsule (Fig. 13.3). With the large
range of motion within the patellofemoral joint, the
joint capsule, with an extensive synovial expansion,
is poorly defined and does not contribute to patellar
stabilization.

13.2.1.1
Active Stabilizers of the Patellofemoral Joint

The active stabilizers of the patellofemoral joint con-
sist of the four main muscles of the quadriceps, which
fuse distally into the quadriceps tendon. At the inser-
tion into the patella, three separate layers of the
quadriceps tendon can be identified (Fig. 13.4). The
rectus femoris originates from two attachments on
the ileumn and inserts into the anterior top and the

Recius femoris

Il

Vastus medialis

Vastus lateralis

Sartorius tendon

Fig. 13.3, The superficial portion of the extensor apparatus.
Medially there is a fibrous attachment belween the patella and
the iliotibial tract, and laterally an attachment to the sartorius
tendon
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Fig. 13.4. Normal MR anatomy in the sagittal plane of the
extensar apparatus, showing the separate layers of the quadri-
ceps tendon (QT). The patella is attached to the tibial tuberos-
ity (TT) by the patellar tendon (PT). ACL, Anterior cruciate
ligament. There is a bright signal from the patellar and femaoral
cartilage on this T1-weighted Flash 2D sequence

superior third of the anterior surface of the patella,
with some fibers continuing into the patellar tendon.
The vasti medialis and lateralis originate from the
superomedial and lateral aspect of the femur, respec-
tively, and unite in the midline in a solid aponeuro-
sis that inserts into the base and medial and lateral
aspect of the patella. In the most distal portion of
both the vastus medialis and the vastus lateralis there
are separate small muscle groups with an oblique
orientation of their muscle fibers, termed the vastus
medialis obliquus (Fig. 13.5) and vastus lateralis
obliquus, respectively. These provide a direct medial
and lateral pull on the extensor mechanism and are
important for patellar balance in the femoral troch-
lea. The vastus intermedius inserts with a thin but
broad tendon into the base of the patella posterior to
the other tendons.

13.2.1.2
Passive Stabilizers

The patellar tendon, the central portion of the
quadriceps tendon, and the medial and lateral reti
nacula are the passive elements of soft tissue stabi-
lization. The patellar ligament connects the patella
with the tibial tuberosity and hasa length of 4-6 cm,
a width of 25-40 mm, and a thickness of 6-8 mm

M. Egund and L. Ryd

Fig. 13.5. The normal MR anatomy of the vastus medialis and
its attachment to the medial portion of the Pnh_-ll;_q {F}. The
course of the distal fibers of the muscle and its tendon is
almost horizontal. T1-weighted sequence

(Fig. 13.4). The orientation of the patellar tendon is
parallel to the long axis of the lower extremity. The
retinacula are composed of superficial and deep
layers (Figs. 13.6, 13.7). The thin oblique superfi-
cial retinacula link the patella and patellar ligament

Fig. 13.6. Normal MR anatomy of the patellar retinaculum on
a Ti-weighted Flash 2D sequence. The superior portion of the
medial patellofemoral ligament (MPFL) has a broad fibrocar-
11]4g:n|.\u5 attachment to the odd facet (O) of the pd[._-ijd and
is dorsally attached to the femoral condyle and medial collat-
eral ligament (MCL} with extension to the fascia of the dorsal
."'.'lilh.":'."}. J'.Pr"]'.. |..II-E'r.'1| [1.|I‘||r1j|:n]|'.:,|_' ||:_|<'|_;|'|'|[-:~_.r_
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Fig. 13.7. Normal MR anatomy of the patellar {a) and infrapatellar (b) portiens of the medial and lateral retinacula on a
proton fat-saturated sequence. PCL, Posterior cruciate ligament; ACL, anterior cruciate ligament; LR, lateral synovial recess;
PT, popliteal tendon; BF, biceps muscle and tendon; FCL, lateral collateral ligament; §, sartorius muscle. Other abbreviations

are as in Fig. 13.6

medially to the tendon of the sartorius and the deep
fascia of the leg and laterally to the fascia lata. In the
deeper layers, capsular condensations form fibrous
layers that link the patella to the medial and lateral
femoral epicondyles and the anterior aspect of
the menisci (Fig. 13.49). They include the medial
and lateral patellofemoral ligaments and, below, the
medial and lateral meniscotibial patellar ligaments.
In between the medial patellofemoral and the menis-
copatellar ligament, the deep transverse retinaculum
courses directly from the iliotibial tract to the patella.
It is supposed that the soft tissue stabilizers are stron-
gest on the lateral side. The normal MR and sono-
graphic appearances of the patellar retinaculum were
described in detail by STarox et al. (1997).

13.3
Biomechanical Considerations

The main biomechanical function of the patella is to
improve the efficiency of the quadriceps by increasing
the lever arm of the extensor mechanism. Through-
out the range of motion, the patella displaces the quad-
riceps tendon and the patellar tendon away from the
femorotibial contact point and increases the force of
extension by as much as 50% (Fig. 13.8). The degree of
tension of the extensor mechanism and the resultant
force, the patellofemnoral joint reaction force, acting
perpendicular to the articular surfaces, has been mea-

sured and calculated by numerous authors, with con

siderable divergence of quantitative values. These
values depend on various factors, including body
weight, quadriceps force, angle of Hexion, and individ-
ual anatomic factors. It is beyond the scope of this
textbook to go into detail on these considerations, an
overview of which can be obtained from orthopedic
textbooks (FULKERSON 1997; ScUDERT 1995), Howev-
er, the patellofemoral joint reaction force may vary

Fig. 13.8. The patellofemoral joint reaction force (PFIR) is the
resultant vector of the quadriceps and patellar tendon force




between 0.5 times the body weight at walking and 25

times the body weight at weight lifting and at 90° of

flexion of the knee. Thus in the assessment of patello
femoral disorders, occupational and sports activities
are one of the cornerstones of patient history, espe-
cially when dealing with overuse syndromes and late
effects of these.

The second, and from an imaging point of view
most essential, part of the biomechanics of the exten-
sor mechanism is the behavior of patellar tracking.
Clinical as well as radiological assessment of the
patellofemoral joint requires an understanding of
those normal and abnormal factors which influence
the patella in its ride through the femoral trochlea
during flexion and extension of the knee.

13.3a
Patellar Tracking and the Q Angle

The Q) angle is the angle formed by a line drawn from
the anterior superior iliac spine of the pelvis through
the center of the patella and a line drawn from the
patella to the center of the tibial tuberosity (Fig. 13.9).
The Q angle is a common clinical measure and is fre-
quently discussed as a reflection of the valgus angle of
the extensor mechanism, with the underlying assump-
tion that the larger the Q angle is, the larger the lat-
eral moment on the patella. The clinical measurement
of the Q angle is most commonly performed with the
patient in the supine position with the knee in exten-
sion, although standing measurement would reflect
weight-bearing function more accurately (Post 1997).
Different publications cite different values for the
normal Q angle, from 11° to 20° and it is slightly
greater in standing subjects (WoopLawp and Fran-
cis 1992). Although measurements of the Q angle are
extensively used by orthopedic surgeons clinically as
well as in the planning of surgical procedures, it has
been claimed (Post 1997) that no direct correlation
with the incidence of patellofemoral disorders has
been established by scientific criteria.

The Q angle is helpful in understanding the func-
tion of the extensor mechanism and patellar tracking.
In the literature it has generally been agreed that, in
the terminal 30° from flexion to extension, the “screw
home” mechanism rotates the tibia outward relative to
the femur, displacing the tibial tuberosity laterally and
increasing the Q angle (Fig. 13.9). With a lateral posi-
tion of the tibial tuberosity (large Q angle], tension on
the quadriceps will tend to produce a lateral displace-
ment vector of the patella, a decrease in the Q angle,

esisted by the vastus medialis obliquus, the

N. Egund and L. Ryd

Fig. 13.9. The @} angle of the knee increases with increasing
outward tibial torsion, which may also be the result of increas-
ing femoral neck anteversion, Understanding of femorotibial
rolation and the anatomy and function of the active and pas
sive stabilizers of the patellofemoral jeint (Fig. 13.3) is a per-
quisite for understanding of abnormalities of the extensor
mechanism. {Scupert 1995)

medial retinaculum and the lateral facet of the troch-
lea. With the knee in full extension and the quadriceps
contracted, the patella lies proximal to the trochlea.
During the first 30° of flexion, the tibia rotates inward,
decreasing the Q angle and also the lateral vector, and
the patella is drawn into the trochlea from the lateral
side (HunGERFORD and Barmy 1979). These con-
siderations are in accordance with and to a great
extent based upon classical interpretations of the
axial radiographic view of the patellofemoral joint
(LAURIN et al. 1978; MERCHANT et al. 1974) and
transaxial static and kinematic imaging with CT
{(DELGADO-MaRTINS 1979; Dupuy et al. 1997; Mag-
TINEZ et al. 1983a,b) and MR imaging (Brossmany
et al. 1993, 1994; SHELLOCK et al. 1989). All of these
investigations were performed in the supine posi-
tion and so far, their performance for the bio-
mechanics and patellar tracking in the standing
weight-bearing position has not been established
using scientific criteria,
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Patellar and CQueadeiceps Mechanism

Roentgen stereophotogrammetric analysis, de-
scribed below. allows very accurate measurements
of motion between rigid bodies in all three planes,
including rotation (Servix 1974), and has been
extensively used in orthopedic and biomechanical
research, Using this technique, BLANKEVOORT et al.
(1988) demonstrated that motion patterns of the
knee are highly susceptible to small changes in the
external load configuration and specifically that the
“screw home” mechanism is not an obligatory effect
of the passive joint characteristics, but a direct result
of the external loads. This supports the observations
reported by STEIN et al. {1993), who imaged fluoro-
scopically the patellofemoral joint of healthy volun-
teers in the anteroposterior plane during walking.
They recorded a uniform pattern of medial excursion
of the patella relative to the femur, with a sudden shift
from lateral to medial, and concluded that contrary
to conventional understanding, the patella deviates
medially rather than laterally during walking.

13.4
Clinical and Pathologic Considerations

The multifactorial etiologies of anterior knee pain
can be related to variants of the anatomy of the patel-
la and alterations in the tensile forces of the extensor
mechanism applied to the joint surfaces of the patel-
lofemoral joint, generated during the complex move-
ment of the joint. These alterations may be caused
by overuse, disuse, and injuries to bone, cartilage
and supporting soft tissue structures. Although the
classification of patellofemoral disorders (Table 13.1)
devised by Mercuoawt (1988) provides a useful
framework for the clinical and imaging approach to
diagnosis and treatment, it is felt that it fails to rec-
ognize and interpret the pathogenesis of the most
commeon disorders of the patellofemoral joint,
Patellar articular cartilage presents different modes
of degeneration. Chondrosis signifies a disorder
affecting only the articular cartilage and arthrosis, a
disorder affecting all three components of the joint:
cartilage, subchondral bone,and synovial membrane.
Chondromalacia patellae is a term applied to a syn-
drome of anterior knee pain in adolescents and
young adults (ALEMAN 1928; WiserG 1941) and the
pathoanatomical appearances are described as soft-
ening {malacia), edema, and swelling of the carti-
lage. A proposed classification of the surgical and
arthroscopic severity of chondromalacia (FULKER-
soN and SHEA 1990) is almost identical to that of

arthrosis: grade 1 represents softening and swelling
of the cartilage; grade 2 is cartilage breakdown ( fibril-
lation) of one half inch or less; grade 3 is cartilage
breakdown of greater than one half inch; and grade 4
is erosion of cartilage down to bone (OUTERBRIDGE
1961). This classification is also useful in the grading
of joint degeneration at MR imaging (Chap. 3). The
term “chondromalacia patellae,” however, has become
controversial since it may covera large number of dis
orders leading to patellofemoral pain (Rapin 1979)
in which loss of patellar cartilage is not documented,
is not present, or occurs in combination with other
abnormalities such as bursitis {pre- and infrapatellar,
pes anserinus), the plica syndrome, the fat pad syn-
drome, arthrosis, synovitis, and meniscal tears.

The terms “patellar tilt-compression”™ and “exces-
sive lateral pressure syndrome” (ELPS) were intro-
duced by Ficat and Huwcerrorp (1977). These
conditions are characterized clinically by pain and
radiologically by lateral patellar tilt as evidenced on
axial patellofemoral radiography, CT, and MR imag-
ing {FuLkenrson 1997). They are commonly associ-
ated with chondromalacia patellae and, when articu-
lar manifestations occur, the site of cartilage lesions
are the same. Classically, it is stated that the medial
facet of the patella is the typical and primary site
of cartilage lesions in chondromalacia, particularly
about the ridge that separates the medial and odd
facets (WiBERG 1941; InsaLrr et al. 1976). The car-
tilage changes on the medial patellar facet with a
supposed deficient contact to the femoral trochlea
(HENCHE et al. 1981) have been attributed to various
etiologic factors. Several authors have pointed out
the tendency for cartilage that is out of contact with
other cartilage to undergo surface fibrillation {Goob-
FELLOW et al. 1976} and lose an appropriate mecha-
nism of synovial Auid nutrition (FuLkersox 1983;
Laurix et al. 1978).

13.4.1
The Request for Imaging - History and Physical
Examination

Accurate, concise clinical evaluation of the patient
with a suspected knee disorders is almost invariably
suggestive of a working diagnosis. Together with the
clinical information, this working diagnosis forms
the cornerstone for tailoring the radiological exami-
nation and, indeed, for the interpretation of images.
Therefore it is essential that the request for imaging
is seen by an experienced radiologist and that the
radiographer is provided with a precise written




instruction explaining the examination protocol Lo
be followed. The clinical information should include
previous relevant imaging findings, trauma, and treat-
ment, and should encompass the spine, hips, and
ankle. Any history or signs of arthritis, and especially
seronegative arthritis or spondylarthropathy, may be
decisive for selection of the type of examination and
for differential diagnosis (enthesopathies are com-
monly misinterpreted). In Scandinavia many depart-
ments of radiology routinely report the examination
findings before the patient leaves the department,
which provides an opportunity for patient contact
and for supplementary radiographic views or imme-
diate ultrasound when relevant. As a result, many
adults and elderly patients admitted for knee com-
plaints leave our departments with a diagnosis of hip
joint synovitis and/or arthrosis.

13.5
Routine Radiography

Our standard radiographic examination is sufficient
for the evaluation of most middle-aged and elderly
patients with nontraumatic knee complaints. The
examination comprises the three standard radio-
graphic views - lateral and posteroanterior views of
the knee and transaxial view of the patellofemoral
joint - all obtained in the standing, weight-bearing
position. For examination in all three views, the knee
is supported by a device (Figs. 13.10, 13.11, 13.16)
which represents a simple composition of two sepa
rate devices (EGunp 1986; EcuND and Fringn 1988)
and has been adapted by several departments of radi-
ology in Denmark. The background for the construc-
tion of the device is the normal tibial plateau angle
(Figs. 13.12, 13.14) relative to the tibial crest of 14°
(+3.6° range 7°-22") (Moore and Harvey 1974) and
the normal alignment in relation to the vertical plane
of the posterior articular surface of the patella in 15°
of inclination of the lower leg, when in the standing,
weight-bearing position (Ecunp 1986).

13.5.
Lateral View

Positioning of the patient with close contact between
the entire anterior surface of the lower leg and the
plate of the device (Figs. 13.10, 13.12) is a prereq-
uisite for optimizing the posteroanterior and axial
views. The rotational position of the foot should be

M. I'Is‘_ll"ld and 1 Ryd

the same as observed at gait, which ensures an almost
true Jateral view of the femoral condyles. We use a
knee flexion of between 25° and 35° The rotational
femaorotibial laxity in the weight-bearing position is
+12°, and therefore the patients are asked to look
straight forward, Shortly before exposure, the patient
is asked to place his or her weight on the leg being
examined, simulating a runner’s position of the knee
before extension. The lateral radiographic view in
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Fig. 13.10. Device for lower leg support and patient position
for the lateral radiographic view of the knee

Fig. 13.11. Device for lower |I.I!: support and F'-ali:'nl E1{|_\||_i|2l|'-
with 30° of knee flexion for the anteroposterior radiographic
view, The “one-leg stand” 1s confirmed by the active lateral
quadriceps muscle
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this ]_'ln_-.ili-_:lf alsa allows assessment of sagittal laxity

51
* {Fig. 13.13) {(Ecunnp and Fripex 1988; Ecuno et al.
1al 1993; Fripex et al. 1992, 1993). The slopes of the tibial
i plateau and the articular surface ot the patella are
ak estimated on the preview sgreen or developed flm
st (Figs. 13.12, 13.32), as well as the position of the cen-
ng tral beam,
1£2
in
Fig. 13.12. Normal true lateral radiographic view of the knee
obtained in the standing position using the described device
inetal screws are visible). The tibial plateau is horizontal and
tion the position is adequate for the anteroposterior projection of
the fermorotibial joint space. There is a dorsal slope of the artic-
| ular surface of the patella, the position being less optimal for
the axial radiographic view with a vertical beam direction
|
ition
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13.5.2
Posteroanterior View

The slope of the tibial plateau is adjusted to hor
izontal either by placing a wedge-shaped cushion
between the plate of the device and the knee {inclina
tion of the lower leg is decreased) at anterior slope
on the lateral view or by placing the foot more pos-
teriorly (inclination of the lower leg is increased) at
dorsal slope. The rotational position of the foot
and knee flexion {25°-35%) should be as for the lateral
view. The weight-bearing, one leg standing position
{Fig. 13.11}) is strenuous, and a fast exposure is
required to avoid knee extension, upon which joint
space narrowing may be lost. The use of the device
allows serial exposures in different degrees of flexion,
It must be mentioned that when assessing the femo-
rotibial joint spaces the slope of the medial and lat-
eral tibial articular surfaces in the sagittal plane is
rarely the same (Figs. 13.14, 13.15): the mean differ-
ence is 3° (range (° - 5}, and in abnormal conditions
it may reach 9° (Ecunp et al. 2000). Therefore it is not
possible to accurately measure both medial and lat-
eral femorotibial minimal joint spaces (BoEGARD et
al. 1998b; BUCKLAND-WRIGHT 1994) on single AP or
PA radiographs.

13.5.3
The 5tanding Axial View

The technique of standing axial radiographic imag-
ing of the patellofemoral joint was introduced by
AHLBACK (1968). His device for support of the patella

Fig. 13.13a, b. Lateral radiographic views of a
23-year-old female with rupture of the ante-
rior cruciate ligament. Standing without load-
ing (a) and at weight-bearing (b). Normally, in
any degree of knee flexion, standing or supine,
the lowest points of the articular surfaces of
the femoral condyles {arrow) are sited at the
center (arrowhead) of the ubial eminence (a).
In weight-bearing (b} the tibia is displaced
ventrally relative to the femur, indicating joint
instiabality at every step of gait
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Fig. 13.14a, b. Sagittal Tl-weighted MR images of the medial and Jateral femoral and tibial condyles. The oblique line (1) is in
a different image joining the anterior crest of the tibia. Relative o vertical (horizontal) the inclination of the tibia is 14°. The
concave contour of the medial tibial condyles (a} is horizontal and thus has a dorsal slope of 14° The orientation of the straight
{commonly convex) contour of the lateral tibial condyle (b) is 47 less than that of the medial tibial condyle

Fig. 13.15. Anteroposterior radiographic view of a knee, with a
normal difference of 4° in the slope of the medial and lateral
fermoral condyles in the sagittal plane, The view through the
lateral _pl_u'nt space i5 Langent ial to the bony conmtour of the tibial
condyle. Assessment of the medial joint space is hindered by
both the anterior and the posterior aspect of the tibial condyle

during the examination is still widely used in Sweden,
but it has been refined and the examination technique
is more standardized (Ecunp 1986). Today we use the
device shown in Fig. 13.16. Guided by the lateral view
(Fig. 13.12), the inclination of the lower leg is adjusted
to bring the articular surface of the patella into the
vertical plane, There should be an even distribution
of the body weight on both legs and knee Aexion in
our routine view is about 30° The technique allows
axial radiographs in different degrees of knee flexion
between 20° and 100° (Fig. 13.17) without reposition-
ing the knee relative to the device or changing the
lower leg inclination (Ecunp 1986).

13.5.4
The Supine Axial View

Since SETTEGAST (1921) recognized the axial view of
the patellofemoral joint, various techniques (Fig. 13.18)
have been described (BRATTSTROM 1964; JAROSCHY
1924; Knursson 1941), but the most simple and
accepted techniques for routine and scientific purpos-
es are those described by MERCHANT et al. (1974) and
Lavrmm et al. (1979) (Figs. 13.18,13.19). The Merchant
technique as originally described required 45° of
knee flexion and a specific cassette holder, By com-
parison, it was suggested that the method of Laurin
be performed in 20° of knee flexion. Techniques
with the beam directed from the ankle to the knee
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Fig. 13.16. Device for knee support and patient position for the
axial, standing radiographic view of the patellofemoral joint.
Relative to the position in Fig. 13.10, the inclination of the lower
leg has been increased, with the foot placed more dursally,
which brings the articular surfaces of the patella in Fig, 13.12
into alignment with the vertical plane

{BraDLEY and OMinsky 1981; Lavnin et al. 1978)
and with the patient in the sitting position should
be abandoned for radiation protection reasons. Both
the Merchant and the Laurin technique, however,
can be used in different degrees of knee flexion.
In the supine position, the beams should be angled
approximately 10° relative to the axis of the lower
leg (Figs. 13.18, 13.19) in order to obtain images
tangential to the patellar articular surface; this 1s
because the patella has a lower position than in the
standing position (Figs. 13.16,13.32).

13.5.5
Radiographic Measurement of the Axis
of the Knee

Total radiological evaluation of patellar tracking
requires measurement of the long axis of the lower
extremity, the HKA angle (hip-knee-ankle), and the
Q angle as described by SANFRIDSsON et al. (2001b).
These authors used the complicated QUESTOR Preci-
sion Radiography system (QPR) (S1u et al. 1991) for
standardized and reproducible measurements in the
standing position and reported a varying lack of cor-
relation between clinical measurement of the Q angle
in the supine position and radiographic measure-
ment in the standing position. It appears from their
results (SANERIDSSON et al. 2001a) that the axis of the
femaoral shaft is reliable in the radiographic measure-

Fig. 13.17. Patient position to obtain the axial radiographic
view with 307 of knee fexion

Fig. 13.16a-d. Different methods to obtain the axial radio-
graphic view of the patellofemoral joint in the supine or prone
position: a SETTEGAST (1921); b [aroschy (1924); ¢ KNUTSSON
(19410 d Lavrix (1979)

Fig. 13.19. The Merchant et al. technigue to obtain the axial
radiographic view of the patellofemoral joint at 45° of knee flex-
ion, commonly used in the United States. The technique requires
a specific cassette holder. With both the Merchant and the Laurin
technigue, the beam direction relative to the tibia is less than
10%, whereas with the standing technigue it is 157 (£67)
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ment of the Q angle, and therefore a true anteropaste-
rior view of the knee in the standing position can be
used for the measurement (Figs. 13.20,13.21). The clin-
ical significance of standing radiographic measure-
ments of the Q angle requires further investigation.

Fig. 13.20. Biplane radiography of the knee supported by

the device. A true lateral position of the femoral condyles is

obtained at fluoroscopy using tube 1 and the image intensifier

{IT}. A true anteroposterior view is obtained perpendicularly
3

from tube 2. The film is placed in a cassette holder {arron-
fiead) also used for whole limb radiography

Fig. 1321, Measurement of the
1=‘mn 3 standing true

o radiograph of

1* of flexion. The

sity was marked

he lead

M. Egund and L. Ryd

13.6
Roentgen Stereometric Analysis

Roentgen stereometric analysis (RSA) is a technique
by which the relative motion of two objects, over time
or before and after application of external or inter-
nal forces, can be assessed using rigid body kinemat-
ics. Since the skeleton consists of a number of rigid
bodies, the method is particularly suited for skeletal
radiology. It has gained increasing popularity in the
assessment of joint replacement fixation (OnsTER et
al. 1993; KARRHOLM et al. 1994a; Ryp et al. 1995) and
fracture healing (KirrHoLM et al. 1983; AHL et al,
1988; Racnanrsson et al. 1992), In the knee, in addi-
tion to the above uses, RSA has been applied to the
anterior cruciate-deficient knee (KARRHOLM et al.
1988; FRIDEN et al. 1992) and in vitro examinations
of the patellar joint (BLANKENVOORT et al. 1988),
RSA combines the principles of stereogrammetry,
skeletal marking, and modern computing power into
a system that allows measurement of motions down
to at least 0.1° or 100 pm (Ryp et al. 1986). The
objects of interest are marked with balls made of
tantalum. Tantalum is inert in body fluids and also
heavy (atomic weight =73), and consequently yields
distinct radiographic images. These markers should
be placed in the objects of interest as far apart as the
objects allow. A minimum of three markers in each
object is required, but the insertion of five 1o seven
markers in each increases the accuracy. Radiograph-
ic images are obtained in a stereo setting, i.e. two
images are obtained simultaneously. A calibration
object is also exposed, either before the patient is
examined or, preferably, simultaneously with the
patient examination. There are usually two set-ups
available: a bi-planar set-up and a convergent ray
stereo set-up. In the former, the body part of interest,
usually an arm or a leg, is placed inside a calibration
box; two X-ray tubes at a right angle are positioned
to expose films attached to adjacent sides of the cal
ibration box, and frontal and lateral exposures are
obtained. In the convergent ray alternative, X-ray
tubes are aimed at approximately 40° from one anath-
er and films are exposed in the same plane under-
neath a calibration object, which, in turn, is situated
underneath the tabletop carrying the patient, The
two films, constituting a“stereo pair,” are subsequent-
ly digitized and the x- and y-coordinates are fed into
dedicated software to produce first a set of 3D coor-
dinates for each patient marker and finally the kine
matic analysis of how the two “rigid bodies.” i.e.,
objects of interest (for example, the patella and the

femur) have moved relative to one another.
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RSA provides two advantages. First the accuracy
is about one order of magnitude better than con-
ventional radiography, and second, the system allows
perfect characterization of the motion in all 6 degrees
of freedom of motion. Henge, “out-of-plane” motion
can also be analysed.

RSA has not previously been utilized in connec-
tion with patella motion proper. BLANKENVOORT el
al. (1988) used it to study the screw-home mechanism,
which is inherently involved in the complex motions of
the patella, They found that the screw-home motion is
a facultative occurrence, dependent on how the fermur
and the tibia are positioned rotationally relative to
one another at an initial point in time, Similarly, Kig-
gHoLM and co-workers have published a number of
reports on the kinematics of the knee, including rota-
tional motion between the femur and the tibia (KAR-
RHOLM et al. 1994b; UvEHaMMER et al. 2000). In gen-
eral they have found that femorotibial rotation is less
in an artificial knee than in the normal one. The poten-
tial of RSA has not yet been fully realized with regard
to the patellar joint, although studies are in progress
in Lund on patients in whom all three bones (femur,
tibia, and patella) have been marked.

13.7
CT and MR Imaging of Patellar Tracking

Transaxial imaging of the patellofemoral joint by CT
and MR imaging allows assessment of the position
of the patella above and within the femoral trochlea
aver a range of extension and mild flexion of the knee

which is inaccessible for radiographic examination
in the axial plane (Figs. 13.27, 13.28). The ratlonale
for viewing the patellofemoral relationship in mild
flexion is based on the fact that most patellar sublux-
ations and dislocations occur within the first 20°-30°
of flexion. Static CT and MR imaging can be used to
obtain axial images at defined degrees of flexion with
and without contraction of the quadriceps muscle
iDELcapo-MarTins 1979; MarTIiNEZ et al. 1983b),
Assessment of patellar tracking by kinematic CT and
MR imaging has been extensively reported (McNaL-
vy et al. 2000; Dupuy et al. 1997; SHELLOCK et al, 1989;
Brossntany et al. 1993, 1994) with and without active
loading during flexion to extension, and a number of
devices have been developed for these purposes.

13.7.1
Measurements

Vertical patellar height is important for the biome-
chanics and stability of the extensor mechanism and
patellofemoral joint. Measurements are performed
on the lateral radiographic view in at least 30” of flex-
ion, at which the patellar tendon is considered under
tension in the supine position, although this has
not been documented. We perform all measurements
of patellar height from lateral standing views at more
than 20° of flexion. The most widely employed method
for assessing patellar height has been described by
[wsarLr and Sarvanri (1971) and is based on the
length of the patellar tendon divided by the greatest
diagonal length of the patella (Fig. 13.22a). The
normal ratio is 1.02 with an 5D of 0.13. A ratio of

Fig. 13.22a-c. The most common methods of measuring patellar height: a Ivsait and SawvarTi (1971); b Bracksuane and
Pees (1977); ¢ Caton et al, (1982). LL, Length of the patellar tendon; LP, maximum diagonal length of the patella




less than 0.80 is considered indicative of patella baja
and a ratio of greater than 1.20 as indicative of patella
alta. The Insall-5alvarti index may give an inaccurate
impression of patellar height relative to the femoral
condyles owing to anatomical variations in the length
of the patella and the position of the tibial tuberosity
(GRELSAMER and MEapows 1992); this is especially
so following transfer of the tibial tuberosity.

To assess patellar height, BLacksurNE and PEEL
(1977) divided the perpendicular distance from the
lower margin of the patellar articular surface to the
line joining the tibial plateau by the length of the
articular surface of the patella (Fig. 13.22b), The
normal ratio was 0.80 with an 5D of 0.14. It is gen-
erally considered that, compared with the Insall-
Salvarti index, this method provides a more reliable
measure of patellar height relative to the femoral
trochlea, with less interobserver variability (SeiL
et al. 2000); furthermore, it has also been adopted
in orthopedic research. The method described by
Caron et al. (1982) represents a similar measure-
ment of patellar height (Fig. 13.22c). The vertical
position of the patella has been assessed relative to a
line drawn through the distal femoral condyles and
perpendicular to the long axis of the tibia, thereby
avoiding the potential confounding variations in the
inclination of the tibial plateau (EGuND et al. 1988).
This measurement was expressed relative to body
height and has a very high correlation to the Black-
burne and Peel index.

13.7.2
The Femoral Trochlea and Patellar Tracking

The classical work by means of radiography on
the configuration of the femoral condyles is that of
BrATTSTROM (1964), who investigated the angles
and distances of the femoral trochlea relative to
the coronal plane of the dorsal aspect of the femo-
ral condyles (Figs. 13.23, 13.24). The normal sulcus
angle of 142° (5D £0.6° with no significant right/left
or sex differences) was obtained from radiographs
of the femoral trochlea at an angle of approximate-
ly 25° between the beam and the longitudinal axis
of the femur. With reversed direction of the beam,
MERCHANT et al. (1974) obtained similar measure-
ments with respect to the sulcus angle, 138° (5D+6°,
range 126"-150"), and found no significant change
in the shape of the trochlea through the range of
beam to femur angles from 157 to 75° In patients
with uni- or bilateral patellar displacement, the
sulcus angle may be increased to above 150° with

bl I‘.E'I.IIII and L. REyd

Fig. 13.23. The radiographic measurements of the patellofemo

ral joint performed by Bratrstrim (1964) ohtained with high
radiation doses to the patient from two complicated projections
of the anterior and posterior aspect of the femoral condyles

Fig. 13.24, Measurements of the sulcus angle according to
Bratistrém (with personal communication). a, Medial border
of the bony articular surface; b, arbitrary landmark close (o
the lateral border of the articular surface; o, lowest point of
the intercondylar sulcus

no significant right/left differences (BRATTSTROM
1964).

The congruence angle, which measures the rela-
tionship of the V-shaped patellar articular ridge to
the groove of the femoral trochlea (Fig. 13.25), was
introduced by MERCHANT et al. (1974). They sug-
gested that any congruence angle greater that +16°

is abnormal and may indicate lateral instability of

the patella. Another measure of patellar tracking,
that might be appropriate, is the lateral patellofemo-
ral angle (Lavriw et al. 1978, 1979). On axial radio-
graphs, normally an angle formed between a line
connecting the anterior aspects of the femoral con-

dyles and a second line joining the lateral facets of

the patella opens laterally (Fig. 13.26). In all their
30 patients with recurrent subluxation, these lines
were either parallel or opened medially, but the
lines were normal in 90% of patients with chondro-
malacia. LAURIN et al. (1979) also introduced a mea-
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Fig. 13.25. Measurement of the congruence angle according ta MercHanT et al. (1974), with a the supine (Lauriv) and b the

standing examination technique in the same

normal knee. The landmarks g and ¢ are the same as in Fig. 13.24,and b represents
the highest point of the lateral condyle, Lire O bisects the sulcus angle and the arrow line joins the lowest point of the articular
ridge of the patella {d} (not marked on figure). There is an obvious medial displacement of the patella between figure parts a
and b, but minor differences in the position of {d} will influence the angle measurement

b

Fig. 13.26. Measurements of the normal lateral patellofemoral angle according to Lavris et al. (1978, 1979), with a the supine
and b the standing examination technique, The ling a-b joins the highest points of the femoral condyles and line d-¢ the lateral
articular surface of the patella. Tt appears that point b does not correspond te point e. Angles of 0* or with medial opening
(-} are abnormal and indicate lateral tilt

b

Fig. 13.27a, b. Measurement of medial-lateral patellar displacement according to Lavrix et al. (1979). a and b are obtained in
the supine and the standing position, respectively. Patellar displacement is measured as the distance in millimeters betweean the
arrow line drawn 90° to line a-b and the medial edge of the patella. The width between points @ and b varies with the angle of
tangency of the beam to the femoral condyles and between individuals

sure of lateral patellar displacement (Fig. 13.27). Brossmanw et al. 1993). Direct and oblique trans-
The congruence angle, the lateral patellofemoral axial imaging of the femoral condyles by CT and
angle, and measurement of lateral patellar displace- MR imaging allows assessment of the transverse

ment have all been used frequently in the assess-  axes and lateral articular surface of the patella rela-
ment of patellar instability by means of CT and MR tive to the plane of the posterior femoral condyles
imaging (Dupuy et al. 1997; McNavLy et al. 2000; (Figs. 13.28, 13.29), which is considered a reliable




reference plane (SCHUTZER et al. 1986; BROSSMANN
et al, 1993, 1994),

The position of the tibial tuberosity relative to the
sagitlal plane through the sulcus of the femoral troch-
lea (Fig. 13.30) has been measured by CT and MR
imaging in individuals with normal patellar tracking
and in patients with patellar instability (Axpo et al.
1993; MuNETA et al. 1994; BEACONSEIELD et al. 1994;
Jones et al. 1995; McNaLLy et al. 2000). The consis-
tency of the results indicates that a distance exceed-
ing 20 mm may be indicative of severe maltracking.
Using a metal marker on the tibial tuberosity and

Fig. 12.28, Measurement at CT of the lateral patellofemoral
angle {v")relative to the femoral condylar plane (CP)

med.

K. Egund and L. Ryd

axial radiographic views, NacaMmIng et al. (1999}
demonstrated an abnormal lateral position of the
tibial tuberosity in patients with lateral patellofemo-
ral arthrosis in 30° of flexion, and in comparison with
CT, the abnormal lateral position of the tibial tuber-
osity remained unchanged at extension (NagaMINE
et al. 1997).

Axial radiographic views in the standing weight-
bearing position (AHLBACK 1968; EGunD 1986) have
been used widely in clinical studies in Sweden and also
in the assessment of the degenerative patellofernoral
joint in comparison with MR imaging (BOEGAARD et
al. 1998c). Axial radiographic views obtained in both
the standing and the supine position were compared
in 111 knees in 57 patients (EGunp 2001). In 39 knees
with no change in patellar shift there was a mean
lateral tilt of 3° from standing to supine, and in 33
knees with both lateral shift and tilt in the supine
pasition, the patella returned to complete alignment
inthe standing position (Figs. 13.25-13.27,13.39). Also
in the standing position and extension or slight knee
flexion any lateral patellar displacement observed at
supine imaging is nullified (Fig. 13.31) (EGUND et
al. 2001}. Optimal axial radiographic views with the
direction of the beams tangential to the patellar joint
surface were obtained in the standing position at 15°
of inclination of the lower leg (Ecunn 1986), but the
angle had to be decreased in most examinations in
the supine position. This indicates that patellar height
and patellofemoral contact areas are different in the
standing and the supine position (Fig. 13.32). Also, the

Fig. 13.29a, b. Measurement at C7T of lateral patellar displacement according to Brosssany et al. a Bisect offset is percentage,
w'tr + 100, of patella lateral o the projected perpendicular line, b Similar ta the measurements of Lavein et al. (Fig. 13.27)
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Fig. 13.30a-c. Measurement of the position of the tibial tuber-
osity relative to the femoral sulcus at CT. At the workstation,
lines are drawn on the screen and on three different sections:
a line f-c (a}, which joins the most dorsal aspects of the tibial
condyles, and two lines pn:rpnulimul::r to [-c, one through the
tibial tuberosity { TT; b} and one through the deepest point of
the femoral sulcus [c)

examination technigue used may influence femoro-
tibial rotation (Fig. 13.32) and thus the position of the
tibial tuberosity relative to the femoral trochlea.

13.7.3
Summary of Radiological Measures of Patellar
Tracking

The results reported in the literature on normal patel-
lar motion are still inconsistent, but in general the
original results and thoughts of Laurix~ et al. (1978)
and MERCHANT et al. (1974} have been confirmed by
means of CT and MR imaging,

In the non-loaded, supine position and in asymp-
tomatic knees, at 30° of knee flexion and with relaxed
quadriceps muscles, the articular surfaces of the
patella are aligned with those of the femoral troch-
lea, but in some subjects there is a slight tendency
towards lateral tilting and displacement. Between
20° of flexion and complete extension there is an

increased tendency towards lateral shift and dis-
placement. Lateral displacement and tilt may both
be reduced (Dupuy et al. 1997) or increased (Bross-
san et al. 1994) during active quadriceps function.

In normal subjects, the tibial tuberosity is posi-
tioned lateral to the sagittal plane through the deep-
est point of the femoral trochlea at a distance of less
than 20 mm (BeaconsFIELD et al. 1994), and in most
patients with maltracking this distance is more than
20 mm {JonEes et al. 1995; McNaLLy et al. 2000).

In the weight-bearing position, the axial radiograph-
ic view of normal subjects in the standing position
always shows alignment between the medial and lat-
eral joint surfaces of the patellofemoral joint (Ecusp
2001), and this is also true in those with lateral tilt and
displacement when examination is performed in the
supine position (Figs. 13.25,13.31). During walking the
excursion of the patella is medial rather than lateral
(STEIN et al. 1993). Between flexion and full extension
when standing on both legs there is an outward rota-
tion of the tibia relative to the femur of 5% (SANFRIDS-
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Fig. 13.31. Transaxial MR images of a 28-year-old male with patellar instability, obtained a supine at 107 of knee flexion and b
standing, with weight-bearing at extension. The normal lateral patellar displacement in the supine position (a) does not occur

in the standing position, even atl extension (b)

M. Egund and L, Rvd

b

b

Fig. 13.32. a Standing, lateral radiographic view of a knee controlled for tibial cortical sclerosis. The distal portion of the tibia

is not in contact with the plate of the device (see Fig. 13.12) and the tibial plateau is not horizontal. Knee flexion is too high

for the anteroposterior view. b A previous lateral view obtained in the supine position. Femnoral rotation is almest identical in
a and b, but there is a large difference in tibial rotation, indicated by the position of the fibula, Also there is a large difference
in the position of the patella between standing (a) and supine (b), as regards both the vertical height and the articular surface

orientation (gray line) relative 1o the tibial surface

son et al. 2001b), which may not occur in the non-
loaded knee (BLankEVOORT et al. 1988).

In conclusion, as previously suggested by StEN et
al. (1993}, standing examination is to be considered

the “state of the art” technique for the assessment of

patellar tracking. Visualization of the function, per-
formance and biomechanics of the knee is inadequate
when using supine imaging, including arthroscopy.
There is consequently a need to reevaluate conclu-
sions drawn without the use of views obtained in the
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Fig. 13.34a, b. Transaxial MR images of the knee of the same patient as in Fig. 13.33. In the patella {arrow] and the femaoral con

dvle (white arrowhead) there are superficial cartilage defects and

in another section fissuring of the cartilage to the subchondral

bone (black arrowhead). Even small cartilaginous lesion can be demonstrated with this proton fat-saturated sequence

Table 13.2. Grading system for the knee joint employed by the aut

hors

Feature Grade Definition Compartment
Femorotrbial Patellofemoral
Medial Lateral Medial Lateral
Joint space narrowing 0 None O O ) O
0.5 25% joint space narrowing O C 0O =]
1 50% joint space narrowing [l O G 0
1.5 73% joint space narrowing [l O [ [
2 100%: joint space narrowing [ i 0O 0
3 <5 mm attrition O ] O B
1 5-10 mimn attrition O O | |
Osteophytes ] Mone
1 Small {definite) osteophytes
2 Moderate osteophyles
3 Large osteophytes
Subchondral sclerosis 0 Absent
1 Present
Sharpening of tibial spine 0 Absent
1 Present
Chondrocalcinosis 0 Abzent

Present
Qsteonecrosis i Absent
1 Present

(1957) grading system concerns the question af
whether or not marginal osteophytes (SeecToR and
HocHBERG 1994; BrawpT et al. 1991) represent
definitive evidence of cartilage degeneration (BOE-
Garp et al. 1998a): this is a subject which can still
unite or divide radiclogisis. Marginal osteophytes
appear as a sign of bony reaction at sites where
articular cartilage is continuous with the synovial

membrane and periosteum (REsWICK and Niwaya-
Ma 1995), The sites of marginal osteophytes are
most commonly far away from the focal cartilagi-
nous lesion of OA. Their presence should be consid-
ered a sign of processes in the synovium and sur-
rounding soft tissue which may react to mediators
of cartilage damage and repair (EDWARDS 1998, VAN
pEN BERG et al. 1998).
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13.8.1
Imaging of Patellofemoral Osteoarthrosis

Given that both isolated and combined femorotibial
and patellofernoral OA may occur, the routine radio-
graphic examination for the diagnosis of OA of the
knee joint should always comprise weight-bearing AP
and lateral views of the knee as well as transaxial views
of the patellofemoral joint (Fig. 13.12). The axial radio-
graphic view obtained in the supine position may only
occasionally demonstrate medial patellofernoral OA
(Figs. 13.35-13.37); furthermore, lateral patellofemo-
ral OA may occasionally be missed in the supine posi-
tion although it is visible with the standing technique
{(EcunD 2001). Medial and lateral patellofemoral OA
is commonly associated with medial and lateral dis-
placement of the patella, respectively, and therefore
imaging in the supine position may not demonstrate
the condition of the joint space of the other facet
{Fig. 13.38). It may be necessary to perform a stand-
ing examination in different degrees of knee flexion to
visualize both patellofemoral and femorotibial OA.

A common reason for admission is the need to
perform MR imaging for the diagnosis of early OA of
the patellofemoral joint when joint spaces are normal
in all three compartments on standing radiographs.

Standing

Fig. 13.35. Axial radiographic views obtained in the supine and
standing positions in a 48-year-old female with anterior knee
pain. Arthrosis suspected from the slight joint space reduction
visible only on the standing examination was confirmed at MR
imaging

Supine

Fig. 13.36. Axial radiographic views obtained in the supine and
standing posilions in a 51-year-old male with anterior knee
pain. A 75% reduction (stage 1.5) of the medial joint space
could only be demonstrated by the standing examination

Standing

Fig. 13.37. Axial radiographic views obtained in the supine
and standing positions in a female with medial femorotibial
arthrosis. Stage 2.0 arthrosis in the medial joint space was
visualized in the standing position only

In addition to anterior knee pain, many of these
patients present with swelling of the knee and effu-
sion with synovitis on contrast-enhanced MR imag-
ing {Figs, 13.33,13.34). Our imaging protocol in these
patients comprises:
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Supine

Fig. 13.38. Axial radiographic views of lateral patellar arthro-
sis visnalized in bath the supine and the standing position.
There is medial displacement of the patella between supine
and weight-bearing

. Sagittal STIR, 512 matrix

. Sagittal T1, 512 matrix

. Oblique axial T1, 512 matrix

. Oblique or double obligue axial proton fat saturat-
ed, 512 matrix

. Sagittal contrast-enhanced T1 fat saturated

6. Oblique or double oblique axial contrast-enhanced

T1 fat saturated

L g e

wn

The STIR and Tl-weighted sequences provide
an excellent overview and tissue characterization
of soft tissue, bony and cartilaginous abnormalities
{Fig. 13.33a), In addition, T1-weighted sequences are
sensitive in detecting subchondral abnormalities,
which commonly are associated with focal cartilage
degeneration but may also precede cartilage deterio-
ration, as suggested by Rapin and Rose (1986). Con-
ventional T2-weighted sequences will not visualize
these subchondral lesions or bone marrow edema and
have little relevance in MR imaging of OA or arthritis.
Among the sequences used for cartilage imaging
for routine use, we prefer a high-resolution, proton
fat-saturated sequence, which allows grading of carti
lage degeneration according to OUTERBRIDGE {1961)
(Figs.13.34,13.39,13.40). When cartilage lesions down
to bone are evident on STIR and T1-weighted images,
the proton fat-saturated sequence is excluded, Post-

M. Egund and L. Rvd

contrast T1-weighted sequences with fat saturation
allow an overall estimation and grading of the inflam-
matory component of OA in the synovium and its
surrounding soft tissue (OSTERGAARD et al. 1998)
as well as i the subchondral bone and adjacent
bone marrow (Fig. 13.33b). Cartilage defects and the
commeon meniscus lesions in femorotibial OA are also
well visualized with this postcontrast sequence.

It has been suggested that the role of processes in
the subchondral bone relative to those in the adjacent
cartilage can be further elucidated by the use of con-
trast-enhanced measurements of perfusion and per-
meability (Kust and Scrip 2000) followed by mea-
surements of changes in the cartilage glycosamino
glycan concentration (Bastir et al. 1999; BURSTEIN
et al. 2001).

13.9
Traumatic and Overuse Conditions

Extensor mechanism injuries can occur at all ages
but they are most commonly seen in younger patients
and in association with sports activities. A distinetion
must be drawn between acute and chronic injury. For
an understanding of the trauma mechanism and what
to look for, any traumatic condition is better consid-
ered a primary soft tissue injury which may invalve
bone, In chronic injury and overuse syndromes, it is
less appropriate to make a distinction between soft
tissue and bone injury, considering the anatomy and
the most common sites of injury at tendon attach-
ments to bone and cartilage (Fig. 13.34).

13.9.1
Patellar Dislocation

Patellar dislocation indicates that the patella has been
completely displaced from the femoral trochlea, The
direction of displacement is almost invariably to the
lateral side. Congenital patellar dislocation (Fig. 13.41)
is commonly associated with neuromuscular deficien

cies and frequently requires surgical treatment. Stand-
ing radiographs may be helpful in the planning of this
treatment (Fig. 13.42), Primary acute dislocation may
result from direct trauma to the patella, but is most
commonly due to a twisting injury on a fixed foot
with excessive outward rotation of the tibia at slight
to moderate flexion of the knee. A number of predis-
posing anatomical bone and soft tissue abnormali-
ties have been discussed, the most consistent of these
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Fig. 13.39. Axial radiographic views of the patellofemoral joint
in a 19-vear-old male with anterior knee pain and patellar
instability, obtained in the supine and standing positinns.
Proton fat-saturated MR imaging demonstrated localized car-
tilage edema (arrowhead). The patient was a candidate for
lateral release until the standing radiographic view demon-
strated a normal position of the patella. Notice edema in the
bone marrow of the patella. The patient was free of pain after
surgical fenestration

being an abnormally high trochlear angle (BratT-
sTROM 1964), patella alta {INsaLL el al. 1976), lateral
patellar tilt and displacement {(ATkin et al. 2000), and
generalized ligamentous laxity (RUnow 1983 ). Arou nd
50% of primary acute dislocations occur in knees
without these abnormalities and the result of trauma
is most severe in these patients. Arthroscopy may
reveal ostecchondral lesions involving the patella and
the lateral femoral condyle in about two-thirds of
patients, many with loose fragments, and tears of the
medial patellofemoral ligament are found in almost all
knees at open surgical exploration (SaLLay et al, 1996;
STANITSKI 1995; STaniTski and PaLerTa 1998),

Fig. 13.40. MR image of cartilage fissure and adjacent bone
marrow lesions on a 30D SPGR/FLASH sequence, {Courtesy of
I. Gelineck, MD, Aarhus, Denmark)

Fig. 13.41. Transaxial CT of the patellofemoral joint in 16-year-
old male with congenital patellar displacement who had previ-
ously undergone surgery on the right knee, In addition to the
large outward rotation of both knees, the patient had abnor-
mal anteversion angles of the hips

Standing

Fig. 13.42 Artempts to obtain axizl radiographic views in a
patient with congenital patellar displacement in the supine
position. There is no patellar displacement in the standing
position, which led to an alteration in the planned surgical
freatment
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13.9.1.1
Imaging of the Knee with Acute Patellar
Dislocation

The radiographic examination of acute patellar dis-
placement should include AP, lateral and two oblique
views of the knee as well as an axial view of the patel
lofemoral joint. Almost invariably the radiographic
study will demonstrate a large effusion of the supra-
patellar bursa and commonly lipohemarthrosis, but
few intra-articular loose osteochondral fragments
(Fig. 13.43) can be identified (STawiTsKY and Pai-
ETTA 1998). The axial view may demonstrate an avul
sion from the medial aspect of the patella (Fig. 13.43)
and an increased patellofemoral joint space with lat
eral patellar displacement due to the effusion.
Figs. 44-49

MR imaging may detect only half of the osteo-
chondral lesions seen at arthroscopy, but most of
the lesions of the medial patellofemoral ligament
{SaLLay etal. 1996). We examine these injuries using
a dedicated knee coil at 20° of knee flexion and
our standard protocol includes sagittal and axial T1-
weighted and STIR sequences (Fig. 13.44), and axial

Fig. 13.43. Acute primary patellar dislocation. The axial radio-
graphic view in the standing position (above) demonstrates

avulsion of an osteachondral |}E.§j||_u|1| from the odd facet
of the patella (whire arrow) and in addition a fragment in
the lateral joint space (black arrowhead). MR imaging (below)
confirmed the osteochondral avulsion of the odd facet. For
normal anatomy, compare with Fig. 13.6

M. Egund and L. Rvd

Fig. 13.44. Acute primary patellar dislocation. Sagittal STIR
MR sequence sectioning the center of the knee. Joint effu-
siom. There is a bone marrow lesion of the distal hall of the
patella (white arrowhead) and a large bone marrow lesion of
the femur (white arrow) at the insertion of the anterior {ACL)
and posterior (PCL) cruciate ligaments

Fig. 13.45. Acute primary patellar dislocation. Transaxial MR
section through the femoral condyles with STIR sequence.
Joint effusion is present and there are lesions of the middle
portion of the medial patellofemoral ligament [ white arrow)
and at the site of the medial collateral ligament {white
arrewhead). There is a characteristic bone marrow lesion
following the contour of the lateral femoral condyle and also
a commanly seen bane marrow lesion extending in the lat-
eral direction from the insertion of the anterior cruciate lig-
ament {ACL)

Fig

t1om

ma
me

pat
on

ma
era
fro

}'Irl
da
ha
ca:
be
tia
13
ral
0
th
bo
ac
an
o
po
thu
be
bo
tio
13
al.
lic
thi
19



1R

he
of

Ty
1

IR
e

Wl

¥
50
il

Fig. 13.46. Acute primary patellar dislocation. Transaxial MR sec-
tion through the femoral condyles on a STIR sequence with a
matrix of 512, Joint effusion, There are minor lesions of the
medial patellofemoral ligament (MPFL) at the insertion cn the
patella, but at surgery there was also rupture at the attachment
on the medial femoral condyle, There is a characteristic bone
mmarrow lesion of the medial two-thirds of the pdlll”.i! and the lat-
eral fernoral condyle. 1n addition, a bone marrow lesion extends
from the inscrtion of the posterior cruciate ligament {PCL)

proton with fat saturation, all at a matrix of 512. To
date, in 41 acute primary patellar dislocations, we
have observed osteochondral lesions in about 40% of
cases at arthroscopy, but less than half of these have
been visualized at MR imaging (Egund, Wulf, Kris-
tiansen, personal communication] (Figs. 13.43, 13.48,
13.49). Partial and complete tears of the patellofemo-
ral ligament have been seen in all but two cases, and
confirmed at surgical repair (Fig. 13.45). Lesions of
the medial collateral ligament are common, as are
bone marrow lesions. The sites of the latter are char-
acteristic for patellar dislocation (Figs. 13.44-13.47)
and indicate a serious rotational injury of the fem-
orotibial joint (Figs. 13.45, 13.46), leaving this with
potential ligamentous instability. Complete tears of
the anterior or posterior cruciate ligament have not
been observed, but the common and characteristic
bone marrow lesions adjacent to the ligament inser

tions in the femoral condyles (Figs. 13.44-13.46,
13.49) may be the result of traction injuries (Egund et
al,, personal communication in preparation for pub-
lication). Acute patellar dislocation may also involve
the fat pad of Hoffa (Fig. 13.44) {APosTOoLAKI et al.
1999), Meniscus lesions are seen only occasionally.

Fig. 13.47. Acute primary patellar dislocation with the charac
teristic bone marrow lesion of the lateral femoral condyle, and
also a lesion of the medial femoral condyle, on a coronal MR
STIR sequence

Fig. 13.48, Acute primary patellar dislocation with a sagittal
MR STIR sequence. The typical bone marrow lesion is dem-
onstrated in the lateral femoral condyle. To visualize most of
the osteochondral lesions on MR imaging, transaxial as well
as oblique coronal sectioning (shown) is necessary




242

Fig. 13.49a, b. Acute patellar dislocation in the same patient
and with the same direction of sectioning as in Fig. 13,48, a
The joint effusion contributes 1o visualization of the anatomy
of the anterior portion of the medial (arrowhead) and the lat-
eral (LM} meniscus and their attachment to the patellar ret-
inaculum. The direction of sectioning may optimize assess-
ment of the anterior cruciate ligament (ACL). b Anteriorly
there is an osteochondral defect {black arrowhead) of the lat
eral femoral condyle. Large bone marrow lesions are present
both laterally and centrally

13.9.2
Recurrent Dislocation of the Patella

Following primary acute dislocation of the patella,
most patients have to reduce their sports activities
(ArTkin et al. 2000) and will reappear with patellar
pain and instability (Hawrins et al. 1986) or one
or more redislocations. Recurrent patellar disloca-
tion has a peak incidence at 14 15 years (range 10-30

N. Egund and 1. Ryd

years) and occurs more frequently in females (Furk-

ERSON 1997} The surgical treatment of recurrent

patellar dislocation remains a challenge to ortho-

pedic surgeons and can be divided into four main

types of procedure, combinations of which may be

employed:

1. Soft tissue realignment procedures, e.g., lateral
release

. Medial transfer of the tibial tuberosity/internal
rotational osleotomy

3. Distal transfer of the tibial tuberosity

4. Osteotomy of the lateral femoral condyle (no long-

term results)

(o]

The short-term results of these procedures are
“good” with regard to redislocation, but less prom-
ising in the long term owing to disability, reduced
physical activities and development of patello
femoral osteoarthrosis (Hamesow and HiLr 1975;
Macwar 2001; Maenpaa and LEHTO 1997a,b). In
comparison with surgery, and independent of the
surgical procedure used, conservative treatment
may yield better clinical results and reduce the
accurrence of ostevarthritis (ARNBJORNSSON et
al. 1992). Using weight-bearing radiographic tech-
niques, medial patellofernoral osteparthritis was
recorded in 65% of 114 operated knees, followed up
for 14 years, whereas lateral patellofemoral osteoar-
thritis accurred in only three (ArRNBIORNSSON et al,
2002). Development of mainly medial femaorotibial
ostecarthritis may also be related to patellar dis-
location (JuLiusson and MarRKHEDE 1984); based
on the use of weight-bearing radiographs, its prev
alence 14 years following surgery was found to be
52%, with a significant correlation to medial or
lateral (3/114) displacement of the patella in the
standing position (ArNgjORNssON el al. 2002). In
patients with unilateral recurrent patellar dislo-
cation, medial displacement of the patella of the
“healthy” knee has been demonstrated in the stand-
ing position; in addition, a correlation has been
observed between such recurrent dislocation and
medial patellofernoral and femorotibial osteoar-
throsis (ArNEIORNSSON et al. 2001b), comparable to
findings in those with conservative treatment of
dislocation (ArNBj6rnsson et al. 2001a). These
observations may be in accordance with those of
SANERIDSsON et al. (2001a), who demonstrated
increased inward rotation of the tibia in patients
with patellar dislocations.
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Patellar and Quadriceps Mechanism

13.9.2.
Imaging of the Knee with Recurrent Patellar
Dislocation

It is felt that for the routine pre- and postoperative
radiological assessment of recurrent patellar disloca-
tion, there is no alternative to the standing weight-
bearing radiographic techniques. These should include
AP lateral femorotibial and axial patellofemoral views
in 30° of knee fAexion (Figs. 13,10, 13.16). Even if there
is lateral patellar displacement in the supine posi-
tion, a normal position or medial displacement of the
patella relative to the femoral trochlea on the axial
radiographic view in the standing position (Fig. 13.50)
may serve as a contraindication to surgical transfer
of the tibial tuberosity and lateral release (Fig. 13.39),
Use of the Insall-Salvarti index of patellar height has
also resulted in many distal transfers of the tibial
tuberosity, which can be prevented by the measure
suggested by BLacksURrNE and PEEL (1977).

Fig. 13.50. Axial radiographic view of the patellofemoral joint
obtained in the standing position in a 19-year-old female
with anterior knee pain and patellar instability, There is slight
medial displacement of the patella. Would any surgeon per-
form lateral release or medial transfer of the tibial tuberosity
following this imaging appearance?

Advanced radiographic (Figs, 13.20, 13.21) and
MR imaging (Fig. 13.31) in the standing position with
measurements of patellar tracking and femorotibial
rotation is still at an early stage of research, but in the
next few years may contribute to better understand-
ing and treatment of recurrent dislocation.

13.9.3
Overuse Syndromes

The term ,jumper’s knee” has been used to describe a
common painful condition in athletes of the quadri-

ceps mechanism of the bone-ligament junction at the
lower patellar pole and less commonly at the upper
patellar pole and tibial tuberosity. The condition is
related to sudden and repetitive extension of the knee
such as occurs when running, jumping and kicking,
The correlation between histopathology, ultrasonog-
raphy and MR imaging has been well described
{KHaAN et al. 1996, 1997) and indicates that the com-
monly used term ,tendinitis” may be inappropriate
and should be replaced by, tendinosis.” Histopathol-
ogy may demonstrate fiber failure, mucoid degenera-
tion, and fibrinoid necrosis. Complete quadriceps or
patellar ligament rupture is rare (Sonin et al. 1995).
In the skeletally immature athlete a focal fragmenta-
tion or acute avulsion may occur at the bony inser-
tion sites of the patellar ligament [Sinding-Larsen
Iohansson disease) or the tibial tuberosity (Osgood-
Schlatter disease) (Figs. 13.51, 13.52, 13.53).

The primary imaging procedure of patients with
a clinical history and symptoms of patellar tendino-
sis should be sonography (Fig. 13.54). Tendon abnor-
malities at sonography may not, however, be cor-
related with symptoms (Cook et al. 1997, 2000).
Patellar tendinosis is not uncommonly an accidental
finding at MR imaging in patients with anterior knee
pain and has characteristic appearances (Knan et al.
1996). The STIR, T2 fat-saturated and T1 gadolini-
um-enhanced fat-saturated sequences may all dem-
onstrate fiber discontinuity and adjacent abnormali-
ties of the fat pad (Fig. 13.55). The magic angle phe-
nomenon may influence the assessment of patellar

Fig. 13.51. Lateral radiographic view of avulsion from the tibal
tuberosity (arrow) in a 10-year-old girl with anterior knee pain




Fig. 13.52. Ultrasonography of the anterior aspect of the tibial
tuberosity (TT) and patellar ligament (PL) in the normal knee
(left) of the same patient as in Fig. 13.51. The avulsion with its
osseous defect is visualized (right) with loss of normal struc-

tures of the patellar ligament and Doppler enhancement distal
1o the avulsion

M. Egund and L. Ryd

Fig. 13.54. [umper's knee. Ultrasonography with sagittal direc-
tion of sectioning of the anterior aspect of the attachment of

the patellar ligament (PL) to the patella. There is disruption of

fibers of the patellar ligament (arrowhead) and inflammatory
changes are present in the fat pad of Hoffa (arrews). (Courtesy
of L. Bolvig, MI}, Aarhus, Denmark)

Fig. 13.53. Sagittal MR STIR sequence of the same knee as in
Figs. 13.51 and 13.52. The defect of the patellar ligament at
the site of the tibial tuberosity is visualized bt the sequence
does not contribute any additional information compared
with Figs. 13.51 and 13,52

Fig. 13.55. Jumper's knee, Sagittal MR 5TIR sequence dem-
onstrating a bulging inflammatory lesion of the fat pad of
Hoffa (arrew) and minor lesions of the patellar lipament at its
attachment to the patell:
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ligament abnormalities (KaranTAnAS et al. 2001).
Both MR imaging and bone scintigraphy (Kann and
Wirson 1987) may demonstrate bony involvement
of the patella

13.10
Conclusion

For many years the understanding and treatment of
patellofemoral disorders has been influenced by con-
ventional radiography and advanced imaging as well
as clinical examination obtained in the supine posi
tion. We feel that the weight-bearing examination of
the patellofemoral joint may contribute not only to
more accurate diagnostics but also to the understand-
ing of why anterior knee pain occurs, as requested
by InsaLt (1995). The weight-bearing techniques of
imaging do not immediately open up a new world
of treatments for patellofemoral instability, but they
may prevent patients from undergoing the tradition-
al surgical treatment, which from a "standing” radi-
ologist's point of view commonly appears contrain-
dicated. Hopefully colleagues worldwide will soon
regard the standing examination technigues with the
same enthusiasm as has been, and still is, shown for
examination in the supine position.

The role of seronegative arthritis and spondylar
thropathy with possible involvement of entheses in
anterior knee pain has not been explored, but should
always be kept in mind when imaging these patients.
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