Acute patellofemoral instability in children and adolescents
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Abstract

Patellofemoral problems are considered to be among
the most frequent causes of knee pain in children and
adolescents. Correcting bone abnormalities through
specific and targeted interventions is mandatory in ske-
letally immature patients. Medial patellofemoral liga-
ment (MPFL) reconstruction is the preferred procedu-
re, but there are several important precautionary con-
siderations that the surgeon must take into account. It
must always be remembered that MPFL rupture is the
result, not the cause, of an altered extensor mecha-
nism; therefore, patellar stabilization with MPFL
reconstruction is only the first step to be accomplished
in the management of an MPFL rupture. If other ana-
tomical alterations are encountered, alternative/addi-
tional surgical procedures should be considered. If
MPFL rupture occurs without associated anatomical
or functional knee alterations, an appropriate rehabili-
tation program after MPFL reconstruction should be
sufficient to achieve a good outcome.

In conclusion, an acute patellar dislocation should be
managed conservatively unless there is evidence of
osteochondral damage or medial retinaculum lesions.
Osseous procedures are contraindicated in children,
while MPFL anatomical reconstruction with “physeal
sparing” is the primary surgical option.
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Introduction

Patellofemoral problems are considered to be among

the most frequent causes of knee pain in children and

adolescents (1), with incidence rate, for 10-18 year

olds, of about 29 per 100,000 people per year (2).

Patellofemoral malalignment is defined as abnormal

patellar tracking with lateral displacement or lateral tilt

of the patella, or both (3). Some use this term to indi-

cate malpositioning of the knee between the body and

the foot, with a consequential impact on the patellofe-

moral biomechanics.

Patellar instability is a non-specific term that includes

several specific diagnoses: each type of instability has

a specific functional or anatomical cause and should

therefore be treated according to its etiology (4).

In this setting, we should consider:

* patellofemoral syndrome as pain occurring during
extension of the knee;

* patellar maltracking as a dynamic incongruence bet-
ween the patella and the trochlea;

* patellar malalignment as an anatomical incongruen-
ce between the patella and the trochlea;

* dysplasia as a growth abnormality.

The annual incidence rate of first-time (primary) patellar

dislocations in children (<14 years) is 43/100,000 (5).

In a study of pediatric sports-related injuries, the pet-

centage of female patients with patellofemoral pain

was approximately three times greater than the per-
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Table 1. Predisposing factors to patellar dislocation.

MAJOR FACTORS

SECONDARY FACTORS

Trochlear dysplasia

Patellar shape

Patella alta

Valgus knee

Increased TT-TG distance

Genu recurvatum

Lateral patellar tilt

VMO deficiency

Generalized hyperlaxity

Q angle

Hypoplastic lateral femoral condyle
Internal femoral torsion

External tibial torsion

Abbreviations: TT-TG = tibial tuberosity-trochlear groove; VMO = vastus medialis obliquus muscle.

centage of male patients (14.3 25 4.0%, respectively; p
<.001) (6).

At the current state of the literature, the main risk fac-
tors for patellar instability, cleatly highlighted (Tab. 1),
are: trochlear dysplasia, patella alta, lateralized tibial
tubercle with increased tibial tuberosity-trochlear
groove (TT-TG) distance, and lateral patellar tilt (7).
There is a high incidence of patellofemoral dysplasia
in patients with acute patellar dislocation; the Wiberg
and Baumgart classifications are still valid and show
how the shape of the patella is also a key element to
be taken into account when diagnosing and managing
patella disease (8).

There is a statistically significant clinical association
between the shape of the patella and patellar tilt: the
more the patella tilts, the more it appears to be dyspla-
stic (9). The extent of patellar tilt is correlated with
static and dynamic factors: if the quadriceps is relaxed,
the tilt depends on the morphology of the bone sur-
faces, but if the quadriceps is contracted it depends on
the balance between the medial component and the
lateral component of the muscle itself.

In patients with patellofemoral instability, increased til-
ting, measured in dynamic phase, correlates directly
with vastus medialis obliquus (VMO) muscle dysplasia.
In these cases the VMO does not distally insert into
the upper third of the patella but inserts directly on the
quadriceps tendon, losing its function as a restraint to
lateral translation of the patella and favoring an increa-
se in lateral patellar tilt. VMO dysplasia is a congenital
disease; in affected individuals the patella becomes ali-
gned with the vastus lateralis, but not with the VMO,

and this leads to other anatomical and biomechanical
changes in the lower limb, increasing the tendency of
the patella to dislocate. The presence of a patellar de-
formity does not seem to influence other major risk
factors for lower limb abnormalities. However, the
various types of soft tissue dysplasia are found more
frequently in patients with patellar dislocation than in
the general population.

Dysplasia of the femoral groove is the main anatomi-
cal abnormality in patients with a predisposition to
lateral patellar dislocation. This condition affects the
function of all the other patellar stabilizers as it increa-
ses the chances of them failing to stabilize the patella
in its anatomical position. Knee joint laxity, which may
also reduce the ability of the medial retinaculum to
prevent lateral patellar dislocation, is also closely rela-
ted to this pathological condition.

It has been shown in the literature that the presence of
just one of these factors can independently lead to
dislocation; it is also well known that their coexistence
may exponentially increase the risk of patellar disloca-
tion (7).

The presence of both trochlear dysplasia and patella
alta, decreasing the capacity of the patella to lie within
the femoral groove at any angle of knee flexion,
directly contributes to a greater risk of acute and
recurrent patellar dislocation, as the anatomical lateral
support normally provided by the trochlea is reduced.
Anatomically, the trochlea has a concave shape; a cha-
racteristic of the trochlea is that it is morphologically
similar to the overlying cartilage (10, 11). Trochlear
dysplasia is defined as a flat proximal articular surface
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separated from the distal joint surface by just a small
intra-articular space; occasionally the trochlea has a
convex shape, in which case the cartilage is thinner in
the center of the trochlea and thicker at its sides.
Inadequate depth of the femoral groove can affect
both the morphology and the function of the entire
knee joint; alternatively the problem can be localized
to a specific area of the groove and surrounding ana-
tomical structures, as occurs when the dysplastic pro-
cess involves only the highest aspect of the femoral
groove. A satisfactory classification of trochlear dy-
splasia was proposed by Dejour et al. (12).

If the groove is flat, the patella is unable to lodge in it
during knee flexion, especially in early degrees of fle-
xion. In the presence of this deformity the stress for-
ces are distributed mainly on the lateral facets, leading
to arthritic changes in the long term.

Patella alta is also known to be associated with a high
dislocation rate; in most cases the etiology is idiopathic.
Axial deformity and rotational changes in all the ske-
letal segments of the lower limb may play a crucial
role in patellar instability: increased femoral antever-
sion or tibial torsion may disrupt patellofemoral trac-
king (13-15). Powers et al., in 2003, using dynamic
acquired MR images in patients with patellar instabi-
lity, showed patellar tilt and dislocation (as from 10° of
extension) to be due mainly to femoral anteversion
rather than other abnormal patellar tracking (16).
External tibial torsion influences the quadriceps angle
(Q angle), which differs significantly in patients affec-
ted by patellar instability compared with the standard
population; this mechanism results in the creation of
a lever arm that impedes the action of the quadriceps,
increasing lateral patellar instability. A valgus knee may
also alter the Q angle and can potentially be responsi-
ble for patellar instability, especially if it is associated
with abnormal external rotation of the tibia. This is
particularly true during quadriceps contraction in the
last degrees of extension. Furthermore, this clinical
scenario may casily lead to distension of the medial
aspect of the joint capsule, increasing the laxity of the
knee. A valgus knee is not only the result of bone
abnormalities, but can also be a consequence of mu-
scle imbalance, muscle weakness or abnormality of
the ipsilateral hip, knee or ankle.

Correcting the above-mentioned bone abnormalities
through specific and targeted interventions is manda-

tory in skeletally immature patients; all abnormalities
should be specifically corrected (17, 18).

Treatment of acute dislocation

There is enormous debate over the most appropriate
treatment of acute dislocations. The first step in their
management is usually conservative treatment with
the use of a brace, off load walking, stretching and
muscle strengthening exercises. For many years consi-
derable attention has been paid to strengthening of
the quadriceps muscle, especially the VMO and rectus
femoris, although the lateral retinaculum, hamstrings,
quadriceps, Achilles tendon and iliotibial band should
also be taken into account. Some Authors have drawn
attention to the therapeutic importance of stretching
and complete muscle re-education, highlighting the
role played by correct contraction of the quadriceps
and adductor muscles in dynamizing the medial patel-
lofemoral ligament (MPFL), which drives the patella
within the trochlea.

The conservative approach is a widely chosen mana-
gement option, unless there is evidence of osteochon-
dral damage or anatomical deficiencies (19).
Literature shows that a lesion in the MPFL-VMO
overlap region has a greater chance of healing well
when it is located close to the patellar insertion, whe-
reas a lesion close to the femoral insertion will not
casily heal on its own; furthermore, conservative
treatment has a 52% failure rate, in terms of redislo-
cation (20).

Surgical management of first patellar dislocation is
associated with a significantly lower risk of redisloca-
tion (15%) compared with non-surgical management,
and with a significantly higher risk of patellofemoral
osteoarthritis (21, 22).

The incidence of patellofemoral osteoarthritis may be
related to the surgical techniques chosen: distal realign-
ment, muscle-tendon transfers, lateral release and
medial reefing are not effective and not really safe (23).
When an adolescent requires surgical treatment,
osseous surgery is contraindicated as it is not safe;
medial reefing has poor results, while lateral release
does not improve functionality but could improve
chondromalacia (23, 24).

It is well known that the MPFL is the most important
static patellofemoral joint stabilizer and that its rupture
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is unavoidable in cases of lateral dislocation: the maxi-
mum elongation it can undergo is 20-30%, therefore
18-20 mm at most, which is far less than the entire
width of the patella which often exceeds 40 mm (25).
MPFL reconstruction should therefore be the primary
surgical option in adults (25). Indeed, untreated MPFL
rupture can cause various anatomical and functional
problems which lead to recurrence of the dislocation
and abnormal growth of the joint.

MPFL reconstruction should also be the preferred
procedure in skeletally immature patients, in whom
there are several important precautionary considera-
tions that need to be taken into account: drilling pro-
cedures must not be performed close to the growth
plate; the patella is smaller in adolescents than in
adults; excessive medial tension and tunnel malposi-
tioning must be avoided.

Shah et al.,, in 2012 (26), demonstrated that periosteal
sutures, compared with other techniques, have a
higher rate of positive apprehension test, recurrent
dislocation and hyperlaxity; minor adverse events are
more frequent when using the patellar bone tunnel
technique. They also found that graft fixation perfor-
med at > 60° of knee flexion is the safest technique
when considering major complications: it is important
to achieve good correction of the instability with no
risk of excessive medial pressure.

Even minimal technical errors during the surgical pro-
cedure might lead to significant increased stress on the
patellofemoral joint (27). Patellar fractures, in tunnel-
ling techniques, are considered to be the worst possi-
ble complications; they occur in 0.4% of cases (27).
Another critical aspect is the presence decreased maxi-
mum knee extension, observed in 13.4% of patients
(26); this seems to be due to excessive graft tension or
incorrect femoral fixation.

The surgeon must take particular care when operating
close to the physis in adolescents, for two important
reasons: to avoid patella alta and growth disorder.
Indeed, it is well known that the femoral physis leng-
thens distally during growth, and if the femoral inser-
tion of the MPFL is placed proximal to the physis the
patient could develop a patella alta at the end of
childhood. To avoid this complication the MPFL
femoral insertion should be always be positioned dis-
tally to the growth plate, even though the native femo-
ral MPFL insertion is located 4 mm (on average) pro-
ximal to the femoral distal growth plate.

To avoid growth disorder, the femoral tunnel should
be drilled at very low speed and at a distance of at
least 8 mm from the femoral physis in order to pre-
vent harmful effects of high temperature on the
growth plate.

Using fluoroscopic imaging, a guide wire should be
placed initially using the anteroposterior view; then a
tunnel in line with the posterior cortex of the femur
should be performed using a true lateral view, as
described by Schottle et al. (28, 29).

A biomechanical study comparing the biomechanical
outcomes of two different MPFL reconstruction
techniques (the Ochi modified technique with one
patellar tunnel and one femoral tunnel and Cerulli’s
anatomical sail type reconstruction with one curved
patellar tunnel and one femoral tunnel) showed that
the single-bundle reconstruction technique failed at
171 Newtons (N), with a consequent increased risk of
patellar tilt occurrence, while the sail type reconstruc-
tion failed at 213 N with no patellar tilt occurrence. It
has been clearly shown that reconstructing the MPFL
shape achieves better results because it reduces the
influence of technique errors on the functional outco-
mes (30).

It must always be remembered that MPFL rupture is
the result, not the cause, of an altered extensor mecha-
nism; therefore, patellar stabilization with MPFL recon-
struction is only the first step to be accomplished.

If other anatomical alterations are encountered, addi-
tional/alternative surgical procedures should be consi-
dered. In cases in which MPFL rupture occurs as a
result of trauma, with no associated anatomical or
functional knee alterations, an appropriate rehabilita-
tion program after MPFL reconstruction should be
sufficient to achieve a good outcome.

Patellofemoral rehabilitation should address all the
dynamic dysfunctions of the leg, such as abnormal leg
motion due to proximal impairments (i.e., of the hip)
or distal malalignment (i.e., of the foot), because these
could influence the dynamic Q angle. A functional
rehabilitation program should be preceded by a bio-
mechanical evaluation with quantitative analyses to be
used for comparing pre- and post-treatment scores.
This evaluation should include muscle strength analy-
sis, joint angle analysis and evaluation of possible
muscle imbalance. To ensure the achievement of good
and safe results, the clinician could use stabilometric
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analysis, isokinetic tests, EMG and 3D kinematic tests.
In conclusion, an acute patellar dislocation in skele-
tally immature patients should be treated with MPFL
reconstruction with physeal sparing; osseous procedu-
res are contraindicated, medial reefing and lateral
release are ineffective. Complete biomechanical study
of the kinetic chains is crucial in the postoperative
management.
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