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En terme d’évolution, il y a eu deux change-

ments importants des comportements qui per-

mettent de mieux comprendre notre anatomie.

Ce sont I’abandon d’un mode de vie arboricole

approximativement il y a 6 millions d’années et

I’adoption d’une position dite érigée qui est

compléte depuis environ 3,75 millions d’an-

nées. Mieux comprendre 1’analyse morpho-
fonctionnelle du genou permet de rechercher

I’étiologie des dysplasies fémoropatellaires et

aussi la prise en charge des instabilités rotu-

liennes [1, 2, 3]. Pour cela, deux aspects du dé-

veloppement du genou sont intéressants a

connaitre :

- D’anatomie comparée qui illustre le lien entre
forme et fonction au sein des différents grou-
pes d’animaux selon leur mode de déplace-
ment ou de locomotion.

- L’évaluation de cette articulation avec la phy-
logénie au cours de 1’évolution de nos ancétres
“primates récents” avec les différents fossiles
car c’est elle la mieux connue. Cela traduit le
passage de la quadripédie a la bipédie par les
hominidés dont “Lucy” (C. Tardieu [4]).

L’ANATOMIE COMPAREE (4, 5]

Chez Eryops, I’ancétre commun des reptiles,
oiseaux et mammiféres, qui a plus de 320 mil-
lions d’années, 1’articulation du genou ne com-
porte pas de rotule. La patella s’est développée

seulement il y a 70 millions d’années chez les
oiseaux, reptiles et certains mammiferes. C’est
un développement tardif comparé au dévelop-
pement des condyles fémoraux des ligaments
croisés. La salamandre, petit reptile qui se dé-
place par des mouvements de reptation ne pos-
séde pas de rotule. Dans la famille des reptiles,
il se produit plusieurs modifications de 1’anato-
mie du genou avec notamment 1’apparition de
la rotule suite aux contraintes mécaniques su-
bies. Il se développe dans le genou, un noyau
fibreux cartilagineux qui sera 1’ébauche de la
patella. Ainsi, le 1ézard et le varan ont une pa-
tella cartilagineuse et ’intensité de la contrain-
te subie a une incidence sur le développement
de cette structure. La rotule de la lente tortue
terrestre est absente et chez le crocodile, elle
est trés puissante.

Chez les mammiferes, I’anatomie du genou est
assez rudimentaire avec 2 balles rigides qui ont
tres peu de contact avec les glenes tibiales. Ce
sont les ligaments et les ménisques qui stabili-
sent le tout avec des points d’insertion rappro-
chés pour éviter des mouvements trop impor-
tants. La forme de la fémoro-patellaire est trés
variable et dépend du mode de locomotion.
Tardieu et Dupont [5] ont bien précisé ces dif-
férences de forme anatomique en fonction du
type de déplacement chez les quadripedes.
Chez le cheval dans la famille des onguligra-
des, le genou est toujours placé en flexion et ne
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connait jamais I’extension compléte. Il n’existe
pas de continuité entre la trochlée fémorale et
les condyles (fig. 1). Les chevaux dorment de-
bout et la forme du membre inférieur est adap-
tée a la course avec des mouvements guidés et
rapides. Les caractéristiques du genou des
Digitigrade et des Plantigrades sont dans le ta-
bleau 1 et illustrées par la figure 1.

11 existe donc des variations importantes mor-
pho fonctionnelles sensibles chez les mammife-
res avec parfois deux articulations dans le ge-
nou en fonction du degré d’extension atteint. En
fonction de la forme de la trochlée, il est possi-
ble de dire comment marche le mammifere.

Les différentes formes de 1’épiphyse distale fé-
morale chez les primates (Tardieu [4]) et chez
différents fossiles expliquent le passage de la
quadripédie a la bipédie qui est le mode de lo-
comotion unique adopté par ’homme adulte.
Valois a montré sur I’é¢tude de I’anatomie des
primates en 1913 que la morphologie de la fé-
moro-patellaire est dépendante du mode de lo-

comotion. Chez tous les primates, il existe une
zone de continuité entre la trochlée fémorale et
les condyles fémoraux. Sur le plan de la loco-
motion, ils sont a la fois bipédes et quadrupe-
des. Ils sont a la fois arboricoles et terrestres.

Plus le déplacement est rapide avec un primate
sauteur et léger, plus les surfaces articulaires
sont étroites, allongées et creusées. La rotule
est guidée et enclenchée dans la trochlée. Plus
le déplacement est lent chez un primate lourd,
plus la rotule et la trochlée sont plates.

A partir des différents singes : les cercopithe-
ques (quadrupédes arboricoles), les grands sin-
ges (chimpanzé, gorille, orang-outan, grim-
peurs arboricoles), I’homme, le seul primate
devenu exclusivement bipéde, on peut réaliser
une étude comparative sur I’ostéologie fémo-
rale métaphysaire inférieure.

Quatre caractéres osseux sont essentiels pour
comprendre 1’anatomie fonctionnelle du genou
liée a la bipédie :

onguligrade

digitigrade

plantigrade

Fig. 1 : Epiphyse inférieure d’un fémur gauche d’aprés Tardieu [4].

Tableau 1 : Caractéristiques du genou chez différents mammiféres [4, 5].

Onguligrade (Cheval)

Digitigrade (Panthére)

Plantigrade (Ours)

Trochlée étroite creusée
creusée

Trochlée plus étroite et plus

Trochlée plate large sans
rebord

Sillon profond entre les 2 levres
saillants

Rebords légerements

Mouvements de rotation et
extension compléte possible

Rebords saillants qui forment
des bourrelets

Continuité entre la trochlée
et les condyles

Continuité entre la trochlée et
les condyles

Trochlée séparée completement
des condyles

Zone de transition resserrée
mais encore assez large

Zone de transition plus faible
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- obliquité diaphyse fémorale par rapport au
plan infracondylaire,

- relief de la trochlée fémorale latérale avec su-
rélévation latérale propre a ’homme,

- profil latéral du condyle latéral du genou,

- forme de I’épiphyse dans le plan horizontal.

L’amplitude du mouvement de rotation
combinée est faible chez les cerpicotheques et
importante chez les grands singes mais reste
faible chez ’homme.

Lasaillie du rebord externe de la trochlée existe
déja a la naissance et elle est variable. Il n’a pas
été retrouvé de corrélation entre le degré
d’obliquité et 'importance de la saillie externe.
La saillie de la berge externe de la trochlée se
développe ensuite au cours de la croissance
alors que la trochlée est définitivement plate
chez le primate (fig. 2 a droite)

Dans une autre approche, Lovejoy [6] a com-
paré 1’anatomie du chimpanzé et de I’homme
(fig. 3 et 4).

Chez le chimpanzé qui est toujours en flexion,
le quadriceps permet une compression FP né-
cessaire a la stabilit¢é du genou. A I’inverse,
chez ’homme en extension la contraction qua-
dricipitale maintient une contrainte fémoro-ti-
biale nécessaire a la stabilité.

La forme de la patella a une certaine impor-
tance. Chez I’homme elle a deux facettes pour
s’adapter successivement au relief fémoral et
méniscal. Cette forme réduit le contact FP
quand le genou est en flexion importante mais
donnerait des contraintes FP trop importantes
si la surface patellaire était trop uniforme. La
rotule humaine est “multifacettes” avec une
créte médiane bien caractéristique. Cette créte

Tableau 2 : Variations des caractéres osseux chez les primates et ’lhomme [4].

Grands singes

fémorale

Genoux abductés

R Cerpicothéques N Homme
Caracteéres osseux Quadrupéde Quad!'u!)ede et Bipade
bipede
Obliquité diaphyse Nulle Nulle Elevé 5° a 15°

Genoux adductés

Relief de la trochlée
fémorale

Symétrique trés peu
creusée

Symétrique, plate
Rotule monofacette

Sillon profond et lévre
latérale plus haute
Rotule deux facettes

Forme condyle latéral

Circulaire

Circulaire

Elliptique

Forme épiphyse

Condyle interne plus
large que latéral
Epiphyse aussi
longue que large

Condyle interne plus
large que latéral
Elargissement
médio-latéral de
I’épiphyse (Rectangle)

Condyle externe plus
large que médial
Allongement
antéro-postérieur
d’épiphyse (Carré)

Fig. 2 : Forme de la trochlée fémorale chez un homme adulte,
un feetus de 9 mois et chez le chimpanzé d’aprés Tardieu [4]
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Fig. 3 : Analyse comparative de la forme de la
patella d’aprés Owen Lovejoy [6].

Fig. 4 : Anatomie comparée du genou du singe (en
haut) et de I'homme (en bas) d’aprés Owen
Lovejoy [6].

médiane permet une bonne adaptation a la gor-
ge trochléenne et limite les risques de luxation.
1l considére ainsi que le genou humain est tibial
dominant.

A I’inverse, la forme de la patella du gorille est
plus simple, moins divisée et plus uniforme
pour s’adapter au fémur pendant toute 1’ampli-
tude de la flexion. La rotule du chimpanzé est
plus discoide avec une seule surface articulaire.

Ceci permet une forte congruence FP pendant
la phase de propulsion et de contact au sol.
Cela réduit d’autant le stress en flexion. Le ge-
nou du chimpanz¢ est patella dominant.

Les dissections anatomiques de Lovejoy mon-

trent bien les différences entre les 2 genoux :

- volume plus important du LCA chez le chim-
panzé,

- la forme du condyle médial avec cette bosse
spécifique chez I’homme et ce volume trés
important chez le singe,

- la différence de hauteur du condyle latéral
avec la saillie externe plus importante,

- I'insertion du ménisque latéral qui est différen-
te avec une insertion unique chez le singe [7].

CONCLUSION

L’anatomie comparée du genou entre les diffé-
rentes especes et 1’évolution de la forme du
genou entre les primates et I’espéce humaine
est révélatrice de 1’adaptation entre la forme et
la fonction. La bipédie est un caractére unique
de I’espéce humaine qui s’accompagne de
changements anatomiques importants. Cela se
traduit aussi par une autre caractéristique qui
est ’extension complete et bloquée de I’articu-
lation avec la rotation externe automatique en
extension. L’utilisation du membre inférieur
tendu en plus en permanence en flexion, donne
au cours du déplacement une efficacité plus im-
portante. Le genou de ’homme moderne béné-
ficie des avantages d’une longue histoire de la
sé¢lection naturelle agissant sur sa fonction de-
vant habituellement marcher debout et courir.
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Ces adaptations concernent 4 éléments impor-
tants : 1) une position distincte en valgus au
cours la phase d’appui ; 2) un mécanisme géno-
mique spécifié de la rotule de rétention réalisé
par 1’¢lévation de la lévre du condyle latéral ;
3) un allongement et des changements dans la
forme de deux condyles fémoraux qui fournis-

sent la domination du tibia ; 4) prolongements
antérieurs des deux condyles qui réduisent la
force du quadriceps nécessaire pendant 1’ex-
tension du genou. Trois de ces adaptations
étaient déja présentes dans les especes ances-
trales, A. Afarensis dit “Lucy”.
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BASES EMBRYOLOGIQUES DE
L’INSTABILITE PATELLAIRE

J.L. JOUVE, Y. GLARD, S. PARRATTE

La trochlée fémorale est creusée en son milieu,
asymétrique, avec une berge externe plus
saillante. L’engagement de la rotule sur une
trochlée de plus en plus profonde et asymétri-
que semble étre une spécificité de I"homme
moderne. Cet élément est essentiel dans 1’ac-
quisition de la bipédie permanente. Néanmoins
il existe une grande variabilité individuelle des
caractéristiques anatomiques de la trochlée fé-
morale chez I’homme. La question se pose
quant aux parametres interférents dans la forme
de la trochlée adulte.

Nous avons réalisé une étude biométrique sur
une série de fémurs feetaux et comparé nos ré-
sultats avec une série d’os secs squelettiques
adultes déja publiés [1]. Ce travail constitue la
premiére évaluation biométrique statistique-
ment significative de la croissance fémorale
durant la vie feetale. Il vise a établir si durant
les stades foetaux précoces la morphologie des
extrémités osseuses est fixée ou si au contraire
elle se modifie progressivement jusqu’a attein-
dre la morphologie adulte. Ainsi I’observation
d’un nombre significatif de sujets présentant
une trochlée creusée dés les stades précoces du
développement feetal plaide en faveur de I’in-
fluence de facteurs génétiques progressivement
apparus au cours de 1’évolution et non de seuls
facteurs mécaniques dus a ’acquisition de la

marche [2, 3, 4]. Cette étude peut également
permettre de mieux comprendre la genése de
certains morphotypes prédisposant a la luxa-
tion ou ’instabilité rotulienne, pathologie en-
core mal comprise et donnant lieu a des diver-
gences thérapeutiques importantes.

Notre travail a consisté a réaliser une biométrie
de la trochlée fémorale dans une population de
feetus des deuxieme et troisiéme trimestres.
Concernant la méthodologie, la méthode ana-
tomique que nous avons utilisée est la méme
que celle utilisée dans la série de référence
adulte. Les mesures ont été réalisées grace a la
réalisation des photographies numérisées selon
un protocole unique. Le repérage sur ordina-
teur des points de référence s’est fait de fagon
manuelle et peut étre a I’origine de biais. En
revanche, la mesure informatisée est peu sus-
ceptible d’étre a 1’origine d’erreurs. Nous
avons montré que 1’outil informatique de me-
sure des angles et des distances était fiable et
qu’il existait une bonne reproductibilité et une
bonne répétabilité de la méthode de mesure.

La biométrie de la trochlée fémorale que nous
avons effectuée montre des résultats similaires
a ceux observés chez 1’adulte. On peut dire que
les 3 angles utilisés caractérisant la forme de la
trochlée fémorale (Alpha, Thétal et ThétaM)
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ne varient pas entre les premiers stades du dé-
veloppement feetal et le stade adulte. Ceci plai-
de en faveur d’un déterminisme génétique de la
forme de la trochlée fémorale. Malgré leur lien
fonctionnel évident, I’obliquité fémorale et la
trochlée fémorale ne se développeraient donc
pas selon le méme processus ontogénétique,
puisque I’obliquité fémorale est déterminée par
les contraintes mécaniques liées a la bipédie
alors que la trochlée fémorale feetale semble
génétiquement déterminée.

Un autre argument en faveur du déterminisme
génétique de la forme de la trochlée fémorale
est donné par 1’étude des formes familiales de
luxation récidivante de la rotule. Les facteurs
de stabilité de la rotule sont de 3 types : osseux,
musculaires et capsulo-ligamentaires. Parmi
les facteurs osseux, la dysplasie trochléenne est
de loin le facteur le plus fréquent pouvant étre
la cause d’une instabilité rotulienne. L’origine
génétique de la dysplasie trochléenne avait déja
¢été évoquée par Dejour et Walch [5] devant la
fréquence des atteintes mere-fille ou frére-sceur
et la bilatéralité constante de cette anomalie.

D’un point de vue anthropologique, on peut re-
mettre I’ensemble de ces constatations dans
une perspective darwinienne : en se mettant de-
bout, I’homme impose a ses fémurs une
contrainte mécanique qui les rend obliques.
Une trochlée fémorale asymétrique confere un
avantage sélectif aux individus qui la possedent
en luttant efficacement contre la luxation laté-
rale de la rotule. Cette trochlée asymétrique a
donc été sélectionnée et s’est imposée au cours
des générations. C’est pourquoi on la retrouve
chez I’homme moderne dés les stades feetaux
les plus précoces, comme un témoin de son dé-
terminisme génétique [6].

Cependant, une telle forme de déterminisme
génétique semble étre ’apanage d’¢léments
anatomiques

importants dans 1’acquisition

d’une fonction bipéde. Dans un autre travail,
nous avons effectué¢ une biométrie de 1’extré-
mité supérieure des mémes picces fémorales
afin de déterminer 1’antéversion et 1’angle cer-
vico-diaphysaire [7]. Les résultats sont radica-
lement différents que pour le fémur distal
puisqu’ils mettent en évidence une modifica-
tion réguliére de la morphologie fémorale au
cours du développement feetal. Concernant
I’angle cervico-diaphysaire, on note une dimi-
nution progressive de la valgisation fémorale
tout au long de la vie feetale et qui se continue
apres la naissance [8]. En revanche, I’antéver-
sion fémorale augmente progressivement du-
rant la vie feetale pour atteindre un maximum
lors de la naissance puis diminuer a nouveau
jusque vers I’age de 7 ans.

1l semble donc, a la lumiere de ces travaux, que
certains éléments de I’anatomie feetale soient
soumis a des contraintes mécaniques prédomi-
nantes sur le déterminisme génétique. Ainsi,
leur morphologie est dictée par I’'importance de
ces contraintes. C’est le cas de 1’antéversion
fémorale dont 1’augmentation progressive in
utero pourrait s’expliquer par la mise en flexion
plus importante des hanches au cours de la
grossesse puis la mise en extension de celles-ci
apres 1’accouchement. Cette hypothése avait
été formulée en ces termes dés 1912 par Le
Damany [9] et semble se confirmer a I’occasion
de nos travaux. En revanche, d’autres éléments
ont une morphologie fixée génétiquement dés
les premiers stades de la vie feetale. Ils ne va-
rient pas sauf pathologie particuliére (neurolo-
gique, chromosomique). C’est le cas de la tro-
chlée dont la profondeur est 1I’¢lément clef de la
bipédie permanente. Cette condition va plaider
en faveur d’une réparation chirurgicale précoce
du défaut de trochlée notamment les trochlées
plates. En revanche, des défauts d’antéversion
fémorale susceptibles de correction durant I’en-
fance avec le temps et donc doivent faire consi-
dérer toute chirurgie réparatrice avec réserve.
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IMAGING IN PATELLOFEMORAL
INSTABILITY

PR.F. SAGGIN, P. FERRUA,
P.G. NTAGIOPOULOS, D. DEJOUR

Imaging in patellofemoral instability must
identify the 4 classic factors implied in the
genesis of the instability — trochlear dysplasia,
patella alta, abnormal tibial tubercle — trochlear
groove distance (TT-TG) and patellar tilt
(excessive patellar tilt with medial ligamentous
disruption) — specially in the chronic setting. In
the acute cases, imaging is sometimes the only
element to provide the diagnosis.

TROCHLEAR DYSPLASIA

Trochlear dysplasia is the most important factor
implied in the genesis of patellar instability [1]
since the femoral sulcus is not sufficient to
provide the osseous restraint to the patella.

Standard lateral X-ray films with perfect
superimposition of the posterior medial and
lateral femoral condyles are the key to the
diagnosis of dysplasia. The crossing sign is
typically found in this projection and represents
the point where trochlea becomes flat (the
bottom of the groove reaches the height of the
facets) [1, 2]. Additional findings include the
double-contour  sign  (representing  the
hypoplastic medial facet found posterior to the
lateral one) and the supratrochlear spur (found
in the superolateral aspect of the trochlea) [3,

4] (fig. 1).

Supratrochlear
Spur i

Fig. 1: Trochlear dysplasia
features on the lateral view.

Axial X-ray views performed in 45° of knee
flexion allow the measurement of the sulcus
angle [5]. Normal mean value is 138° (SD+6)
[6]. Angles above 150° are found in trochlear
dysplasia. An important issue when analyzing
axial views is that X-rays obtained with higher
flexion angles image the lower part of the
trochlea, frequently missing the dysplasia
present in its upper portion [7]. For this reason,
images obtained at 30° of flexion are
preferred.
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CT and MRI have the ability to image the entire
trochlea in sequential cuts, allowing better
visualization of the dysplastic upper part.
Frequently, the dysplasia found in these
modalities is missed on X-ray axial views.
Comparing CT and MRI images, bony and
cartilaginous trochlear anatomy do not match
perfectly [8], but this looses importance in the
dysplasia setting, where flat or convex bone
will be covered by analogous cartilage.

Carillon et al. [9] investigated the lateral
trochlear inclination angle on axial MRI cuts
(LTI, calculated by means of a line tangential
to the subchondral bone of the posterior aspect
of the two femoral condyles crossed with a line
tangential to the subchondral bone of the lateral
trochlear facet) in healthy and patellar
instability patients. A significant difference
between groups was recorded. The mean value
in patellar instability patients was 6.17° while
in the control group it was 16.9°. Choosing 11°
as the threshold value for LTI, results were
excellent in discrimination between the two
groups with sensitivity of 93%, specificity of
87% and an accuracy of 90%.

Based primarily on X-ray lateral views, and

helped by CT or MRI axial cuts, one can

classify trochlear dysplasia in four types (D.

Dejour) [3, 4, 10]:

- Type A: presence of crossing sign in lateral
true view. The trochlea is shallower than
normal, but still symmetric and concave.

- Type B: crossing sign and trochlear spur. The
trochlea is flat or convex in axial images.

- Type C: presence of crossing sign and the
double-contour sign on the lateral view,
representing the medial hypoplasic facet.
There is no spur, and in axial views, the lateral
facet is convex and the medial hypoplasic.

- Type D: crossing sign, supratrochlear spur
and double-contour sign. In axial views, there
is clear asymmetry of the facets height, also
referred as a cliff pattern.

Lippacher et al. [11] analyzed intraobserver
and interobserver agreements of radiographic
and MRI-based D. Dejour’s classification.
They concluded that better overall agreement
was found for a 2-grade analysis on MRI scans

(type A, low grade, versus types B, C and D
combined, representing high grade dysplasia),
and that lateral radiographs tended to
underestimate the severity of dysplasia
compared with axial MRI views.

PATELLA ALTA (PATELLAR
HEIGHT)

Patella alta refers to an abnormally high riding
patella that engages the trochlear groove later
in flexion, increasing the patellar “free” arch of
movement and facilitating dislocation.

As in trochlear dysplasia, X-ray lateral views

are the key to the diagnosis of the patellar

height. Several methods of measurement (and
diagnosis) using the tibia as reference have

been described, the three main are (fig. 5):

- Caton and Deschamps [12]: is the ratio
between the distance from the lower edge of
the patellar articular surface to the
anterosuperior angle of the tibia outline (AT),
and the length of the articular surface of the
patella (AP). A ratio (AT/AP) of 0.6 and
smaller determines patella infera, and a ratio
greater than 1.2 indicates patella alta.

- Insall and Salvatti [14]: is the ratio between

the length of the patellar tendon (LT) and the

longest sagittal diameter of the patella (LP).

Insall determined that this ratio (LT/LP) is

normally 1. A ratio smaller than 0.8 indicates a

patella infera and greater than 1.2 patella alta.

Blackburne-Peel [15]: is the ratio between

the length of the perpendicular line drawn

from the tangent to the tibial plateau until the
inferior pole of the articular surface of the
patella (A) and the length of the articular
surface of the patella (B). The normal ratio

(A/B) was defined as 0.8. In patella infera it is

smaller than 0.5, in patella alta greater than

1.0. (fig. 2).

Patellar height using the tibia as reference can
also be measured on MRI. Miller et al. [16]
applied the Insall-Salvati method to 46 knees
comparing MRI and radiographs. Good-to-
excellent correlation between the values was
found, and they concluded that patellar height
can be reliably assessed on sagittal MR imaging
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Fig. 2: Patellar height measurement methods
(using the tibia as reference) on the lateral view.
Caton and Deschamps (AT/AP), Insall and Salvatti
(LT/LP) and Blackburne-Peel (A/B).

using the patellar tendon: patella ratio. On
sagittal MR imaging, patella alta is suggested
at values greater than 1.3. Neyret et al. [17]
measured with radiographies and MRI the
patellar tendon length in 42 knees with history
of patellar dislocation and 51 control knees.
They concluded that patella alta is caused by a
long patellar tendon rather than by its abnormal
insertion into the tibia. Additionally, they did
not found any significant difference between
X-ray and MRI tendon length measurements.

Other methods of measuring patellar height use
the trochlea as the reference. Bernageau [18]
described a method on lateral X-rays with the
knee in extension and the quadriceps contracted.
If the inferior edge of the articular surface of
the patella (R) is more than 6mm above the
superior limit of the trochlea (T) there is patella
alta, and if R is more than 6mm beneath T there
is patella baja. Biedert and Albrecht [19]
described the patellotrochlear index on sagittal
cuts of MRI, performed with the knees in
extension, the foot 15° externally rotated and
the quadriceps consciously relaxed. To calculate

the index, first we must measure the length of
the articular cartilage of the patella (baseline
patella: BLp). The second measure is the length
from the trochlear most superior aspect to the
most inferior part of the trochlea facing the
patellar articular cartilage (BLt). The ratio BLt/
BLp is calculated in percentages, and values
above 50% indicate patella baja while values
inferior to 12,5% indicate patella alta.

TIBIAL TUBERCLE -
TROCHLEAR GROOVE
DISTANCE (AND TORSIONAL
MEASURES)

TT-TG is a simple way to measure the valgus
(lateralizing) forces acting on the patella. This
distance is able to quantify the coronal
alignment of the extensor mechanism, or what
is called in clinical evaluation the “Q-angle”.
Originally, TT-TG has been described by
Goutallier and Bernageau [20] on X-ray axial
views, but it was popularized as the distance
from the bottom of the most proximal part of
the trochlear groove to proximal part of the
tibial tubercle, measured with two CT
superimposed cuts and expressed in millimeters
[1]. The first cut (reference cut) is through the
proximal trochlea, identified by a slight
condensation of the lateral facet and by the
shape of the notch (rounded, looks like a roman
arch). The second cut goes through the proximal
part of the tibial tubercle. The deepest point of
the trochlear groove and the central point of the
tibial tubercle are projected on a line tangential
to the posterior femoral condyles and the
distance from each other is measured. The
normal mean value in a control population is
12mm; in the population with objective patellar
dislocation the value is superior to 20mm in
56% of the cases [1]. Values above 20mm are
considered abnormal.

Another important contribution of CT produced
by the superimposition of images is the
assessment of torsional deformities, such as
femoral anteversion and external tibial torsion.
Femoral anteversion is increased in patients
with instability (15,6+9 vs. 10,8+8,7 in normal
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knees), although some overhang of values may
exist. Combined with tilt and TT-TG, these
constitute the Lyon protocol for CT analysis [1]

(fig. 3).

Fig. 3: The Lyon Protocol for CT Scan analysis. A:
femoral anteversion; B: external patellar tilt; C:
tibial tubercle-trochlear groove distance (TT-TG);
D: external tibial torsion.

Schoettle et al. [21] evaluated the reliability of
the TT-TG on MRI compared to CT scan in
12 knees with patellofemoral instability or
anterior knee pain. The mean TT-TG referenced
on bony landmarks was 14.4+5.4mm on CT
scans, and 13.9+4.5mm on MR images. The
mean TT-TG referenced on cartilaginous
landmarks was 15.3+4.1mm on CT scans, and
13.5#4.6mm on MR images. They found
excellent interperiod (bony vs. cartilaginous
TT-TG), and intermethods (CT vs. MRI

measurement) reliabilities, 91 and 86%
respectively.

PATELLAR TILT (AND
SUBLUXATION)

Patellar tilt and subluxation refers to the
abnormal position of the patella in relation to
the trochlear groove. While tilt means increased
lateral inclination of the transverse diameter of
the patella, subluxation refers primarily to
abnormal mediolateral displacement of the

patella in relation to the trochlea. Whether
cause or consequence of instability, they must
be considered for diagnosis and adequate
treatment of instability.

On the lateral view, the shape of the patella is
dependent on its tilt. Normally, the lateral facet
is anterior to the crest. Mild tilt occurs when
both lines (lateral facet and crest) are
superimposed, and severe tilt is when the crest
is anterior to the lateral facet [2].

Methods of evaluating tilt and subluxation have

been described for x-rays axial views:

1) The congruence angle is measured on
X-rays at 45° of knee flexion. After
measuring the sulcus angle (used to access
trochlear shape), two other lines are drawn
from its vertex: one bisecting the sulcus
angle (reference line) and another to the
apex of the patella. The angle between these
two lines is the congruence angle, considered
positive if the line to the patellar apex is
lateral to the reference line. Average
congruence angle is -6° (SD+11°), and
measures primarily subluxation [6] (fig. 4).

2) The lateral patellofemoral angle is formed
by one line connecting the highest points of
the medial and lateral facets of the trochlea
and another tangent to the lateral facet of
the patella, drawn on 20° of knee flexion
axial views (Laurin). In normal knees this
angle should open laterally (except in 3% in
which it is parallel). It demonstrates

primarily tilt [22, 23].

Fig. 4: The sulcus and the congruence angles.
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Fig. 5: Patellar tilt and trochlear dysplasia were clearly depicted
on axial CT imaging (at full extension), but missed on the axial X-ray.

3) The patellofemoral index is the ratio (M/L)
between the thickness of the medial joint
space (M) and the lateral joint space (L),
measured on 20° axial views (Laurin). It
should measure 1.6 or less [22, 23].

CT scans allow tilt measurements in complete
extension, which increases sensitivity because
as the knee flexes, trochlear engagement of the
patella reduces or corrects tilt and subluxation
(fig. 5). Another important contribution of CT
scans is that they allow tilt measurements to be
performed with a constant reference — the
posterior femoral condyles (versus the variable
trochlear shape in the instability population
observed in X-rays). According to Lyon’s
Protocol [1] patellar tilt is the angle formed by
the transverse axis of the patella and a tangent
to the posterior femoral condyles. It must be
measured with and without quadriceps
contraction, and this can be accomplished
either with two superimposed cuts or with a
single cut that images both references. Values
above 20° are considered abnormal.

In H. Dejour’s study, 83% of the objective
patellar dislocation group have patellar tilt
superior to 20° compared to 3% in the reference
normal group. If instead of using only the

relaxed quadriceps measure amean is calculated
between the measures performed relaxed and
in contraction, and the threshold value remain
the same, sensitivity and specificity are
improved. Ninety percent of the objective
patellar dislocation population have presented
values over this, while the same remains true
for only 3% of controls [1].

ACUTE DISLOCATIONS

Imaging of acute dislocations is useful to
confirm the diagnosis and define treatment.

X-rays are useful to identify gross instability
and incongruence. Antero-posterior, lateral and
axial views are complementary and must be
performed. Fragments of the patella or the
lateral femoral condyle can be identified after
acute dislocations and may indicate surgical
treatment. CT findings in acute dislocations are
similar to the X-ray ones, but with increased
accuracy. Smaller osseous fragments can be
identified and better measured.

Patellar dislocation may not be suspected
before MRI examination in up to 50% of cases
[24]. MR imaging is particularly helpful in
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acute dislocations recognition and evaluation

ofassociated lesions. The acute findings include

[25-28] (fig. 6):

- Lateral femoral condyle contusion andor
osteochondral lesion;

- Medial patellar facet contusion andor
osteochondral lesion, sometimes with
osteochondral fragment avulsion;

- Injury of the medial retinaculum at its patellar
attachments or mid-substance; Tearing of the
distal belly of the vastus medialis obliquus;

- Injury of the medial patellofemoral ligament
at its femoral origin;

- Patellar tilt and subluxation;

- Joint effusion.

Fig. 6: MRI performed after acute dislocation. The
medial retinaculum is torn and contusions of the
medial patellar facet and lateral condyle are
evident.
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WHAT SHOULD WE THINK ABOUT
OR LOOK AT, IN CASE OF PATELLA
DISLOCATION IN CHILDREN?

F. CHOTEL, A. PELTIER, R. KOHLER, J. BERARD

INTRODUCTION

Patella dislocation had multiples facets.
Although considered a spectrum of disease
related to episodic or recurrent patella instability
regularly seen in older patient, congenital and
habitual dislocation of the patella are now under-
stood as two distinct entities. A genetic etiology
is supported by many associated syndromes and
clinical findings seen in accordance with
congenital dislocation of the patella. These
pathologies are rare and more often encountered
in pediatric orthopedic practice.

Congenital patellar aplasia or hypoplasia
belongs to another heterogeneous group of
lower limb malformations (with sometime
patella dislocation) associated with multiple
genetic disorders.

The aim of this paper is to highlight these
associated pathologies that could impact the
patient management and try to answer to the
question: what should we think about or look at
in case of patella dislocation in children?

EPISODIC OR RECURRENT
PATELLA INSTABILITY

This is the more benign and common expression
of the disease usually seen in healthy pre-or

adolescent. Classical predominance in children
or adolescent girls could suggest association
with benign local hyperlaxity. But clinicians
should also be aware of the possible association
with occult and more serious general joint
hypermobility. This association sometime
needs others investigations looking after
collagen abnormality or muscular disease that
could facilitate failure and recurrence after
stabilization surgery.

Joint hypermobility, is often confirmed by a
score of four or more (for adult) and six or
more (for children) on the nine-point Beighton
scale [10], one point is scored for each of the
following (fig. 1):
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Fig. 1: Beighton criteria in order
to detect joint hypermobility.
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- passive dorsiflexion of each fifth finger
greater than 90°,

- passive apposition of each thumb to the flexor
surface of the forearm,

- hyperextension of each elbow greater than 10°,

- hyperextension of each knee greater than 10°,

- ability to place the palms on the floor with the
knees fully extended.

Figure 2 gives a proposition of algorithm for
diagnosis approach in children with hyperlaxity.
Typical examples of these pathologies are:

1) Ehlers-Danlos syndrome (EDS) is a
heterogeneous group of connective tissue
disorders characterized by hyperextensibility,
delayed wound healing, joint hypermobility,
thin skin, easy bruising, tissue fragility,
“cigarette-paper” scarring over bony promi-
nences, mitral valve prolapse, and other
findings. There are 6 main types of EDS but
EDS Type 111 is the main type associated with
joint or patellar dislocation. Regardless of
presentation as a chief concern or an incidental

finding, clinicians should be aware that the
prominent skin findings of EDS are cutaneous
signs of an important systemic disorder.

2) Joint hypermobility syndrome (JHS) is an
emerging pathology. This heritable disorder of
the connective tissues is characterized by
hypermobility, often affecting multiple joints,
and musculoskeletal pains in the absence of
systemic inflammatory joint disease such as
rheumatoid arthritis. As yet, the gene defect
underlying this condition remains unknown,
and the diagnosis is based upon clinical signs
and symptoms. The phenotype is similar to
Ehlers-Danlos type Il syndrome hypermobility
type (same condition?). Under recognized and
sometimes dismissed as a pathologic entity,
this condition has no definitive treatment and
therefore poses a management challenge. JHS
have impaired proprioception, so that specific
rehabilitation program leads not only to symp-
tomatic improvement, but also to demonstrable
enhancement of objective parameters such as
proprioception [4].

. Due to local pathobogy
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Fig. 2: Proposition of algorithm for diagnosis approach in children with hyperlaxity (Chotel French pediatric
societies Paris 2010). Genetic connective tissue diseases are important to consider according to associated
symptoms such as: scoliosis, thoracic deformity, pes planus, multiple fractures history...
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CONGENITAL AND
HABITUAL DISLOCATION
OF THE PATELLA

Congenital (or persistent lateral) dislocation of
the patella is the most severe form of the
pathology spectrum. It is presents in early
infancy and could result in early malrotation
and shortened extensor mechanism. This entity
must be differentiated from habitual (or
obligatory) dislocation of the patella which
often presents later in childhood and find
spontaneous reduction of the patella with
flexion and extension of the knee.

More common associated syndromes are:

1) Down syndrome is one of the most common
chromosomal  abnormalities in  human,
occurring in 1 in 700-1000 live births. A variety
of orthopedic manifestations can occur in
relation to ligamentous laxity, muscular
hypotonia, and joint hypermobility: cervical
spine instability, scoliosis, foot disorder (pes
planus, metatarsus), hip disorder, and genu
valgum and patella dislocation (10 to 20% of
patients) [1]. Life expectancy has improved
mainly for advances in the management of
cardiac anomalies, infections, and leukemia.

Surgical intervention in children with Down
syndrome has a high risk of complications,
particularly infection and wound healing
problems. Careful anesthetic airway manage-
ment is needed because of the associated risk
of cervical instability.

2) Larsen’s syndrome is a disease of
generalized defect in collagen. This rare and
severe syndrome is characterized by flat,
hyperteloric facies, multiple dislocations of the
joints, club foot deformity, and long cylindrical
fingers. Many of these patients died of early
complications secondary to dislocation of the
cervical spine, tracheomalacias, heart disease,
and severe respiratory infection. These children
pose a problem of planning early treatment.
Clubfeet must be treated conservatively early,
and operation should be postponed until after
knee deformities (dislocated knee or patella)
are corrected by plaster cast and/or early

operation. Unilateral hip dislocations should be
treated surgically in the second year of life.
Treatment of bilateral hip dislocations is best
neglected. Finally, the spinal status of these
children must be monitored throughout their
life [6]. Differential diagnosis is tricho-
rhinophalangeal syndrome (associated with
laxity of the skin and joints) which can be
mistaken for the Larsen syndrome.

3) Diastrophic dysplasia and recessive multiple
epiphyseal dysplasia (rMED) are non-lethal
conditions of a family of the more common
generalized skeletal dysplasia. Double-layered
patella (DLP) or “multilayered” patella, a
form of partite patella consisting of anterior and
posterior components, is hardly suggestive for
this diagnosis. When symptomatic, surgical
fusion of the patellar fragments in DLP using
threaded screw has been suggested [7].

4) Rubinstein-Taybi syndrome (RTS) is a well-
defined complex of congenital malformations
characterized by mental and growth retardation,
broad thumbs, broad big toes, and typical face.
Associated patellar instability demands early
recognition and treatment to prevent potentially
catastrophic gait disturbances [8].

5) Beals-Hecht syndrome (BHS) also known
as congenital contractural arachnodactyly, is
caused by a defect in fibrillin as in Marfan
syndrome. This syndrome is characterized by a
multitude of clinical findings including
arachnodactyly, narrow body habitus,
scoliosis, congenital contractures, and external
ear deformities. Restrictive lung disease may
be associated with the severe scoliosis and
thoracic cage abnormalities in this syndrome.

6) Ellis van Creveld syndrome (EVCS) is a
rare chondroectodermal dysplasia, genetically
transmitted with a recessive autosomal pattern,
which involves the skeletal system (valgus
deformity with lateral dislocation of the patella,
polydactyly), nails and teeth [11]. In about 50
to 60 percent of cases, the affected individuals
show cardiac abnormalities. Aortic atresia,
hypoplasia of the ascending aorta or of the left
ventricle is also reported. About half of the
patients die in the childhood due to cardio-
respiratory complications.
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7) And many others diseases will not be
detailed here: arthrogryposis, myelomenigo-
cele, chondroosteodystrophy...

PATELLA APLASIA-
HYPOPLASIA

Patella aplasia-hypoplasia is a rare condition
characterized by the congenital absence or
marked reduction of the patella (but dislocation
is also possible). Aplasia or hypoplasia occurs
classically in nail-patella syndrome, small
patella syndrome, and several other syndromes

(Table 1), but can also very rarely be isolated
[9]. Most common syndromes are:

1) Nail-patella syndrome (NPS), also called
hereditary osteo-onychodysplasia, is a rare
hereditary autosomal dominant disorder
resulting from a heterogenous loss of function
in the LMXB1 gene on chromosome 9q34. The
clinical manifestations are extremely variable
in both frequency and severity. Patients have a
characteristic tetrad of pathologic symptoms
including aplasia/hypoplasia patellas and iliac
horns (fig. 3), fingernail dysplasia, and radial
head dislocation (fig. 4) [12].

Table 1: Differential Diagnoses of Nail-Patella Syndrome according to Sweeney [12].

Syndrome Similarities Differences References
Defective ossification at the ischiopubic
Small or absent patellae junction - Ischial hypoplasia
Infra-acetabular «axe-cut» notch
Small patella Recurrent patella No nail changes OMIM
syndrome (SPS) dislocations No elb hg 147891
Pelvic anomalies 0 ebow changes
No renal involvement
No ocular involvement
No nail changes
Patella aplasia- Hypoplasia of the patella | No elbow changes OMIM
hypoplasia (PTLAH) | or Isolated aplasia No renal involvement 168860
No ocular involvement
Z;asr;r;l(l:lzlﬁza:urrent Familial tendency toward OMIM
patella dislocation 169000
of the patella
Microtia
Meier-Gorlin gii:;slgggt?:;ecljlfatehe radial Markedly short stature OMIM
syndrome (MGS) head Delayed bone age 224690
Characteristic facial appearance
Hypoplasia of the ischia and iliac bones
Absent patellae Genital anomalies
. Renal anomalies Facial dysmorphism
Sinc;trg‘:;e(g;’S) Flexion deformities of Microcephaly 6(())2/': %
Y the knees and hips Intellectual disability
Club foot Multicystic kidneys or hydronephrosis
Renal manifestations
Hypoplastic patellae Significant learning difficulties
Trisomy 8 Limtepd elbovF\)/ supination Variable facial dysmorphism Jones [1997]
mosaicism Abnormal nails P Camptodactyly and progressive joint
restriction, usually of the fingers and toes
Qi Absence or hypoplasia Nail hypoplasia, usually affecting the little
gorfgrr]oilgs(CSS) of the nails and patellae | finger nails 1(?3,’;@’(\)/'0
Y Elbow dislocation Facial dysmorphism
oncrome | Redil defcts Facal ysmorphiam
(%/othmund— Absent or hypoplastic Short st)f;ture P OMIM
Thomson B?;E)":;e d ioints Radial defects, including absent or 266280
syndrome) ! hypoplastic thumbs and radii
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Fig. 3: Nail patella syndrome (NPS) lower limb signs: hypoplasic and dislocated patella (central). lliac horns
are bilateral accessory outgrowths consisting of cortex and medulla continuous with the iliac bone. They
are located at the site of attachment of the gluteus medius muscles and project posterolaterally. They are
asymptomatic, frequently palpable, and need not be treated. lliac horns are the pathognomonic feature of
Nail-patella syndrome; they occur in approximately 80% of cases and are observed only in this condition.

Fig. 4: Nail patella
syndrome (NPS) upper
limb signs: Radial head
dislocation according to
Storen lign (in black) the
radial axis does not cut
the lateral condyle
epiphysis (left). Finger
nail involvement lessens
in the more ulnar-sided
rays, being more severe
in the thumb. The nail
changes may be limited
to triangular lunulae a
characteristic feature of
NPS (right).
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Soft-tissue changes (glaucoma) and renal
involvement (30-50%) have also been
associated with the syndrome. Nephropathy
secondary to long-standing proteinuria
ultimately affects mortality more so than any
musculoskeletal problem. After making
diagnosis, orthopedic surgeon must refer the
patient to GP for further evaluation. Blood
pressure measurement and urinalysis to screen
for renal disease are recommended and patient
should be referred to a nephrologist if any
abnormalities. Screening for glaucoma should
be referred to an ophthalmologist. Regular
surveillance of the syndrome is required.

Because of similarities between syndromes,
differential diagnoses of NPS are sometime
clearly difficult! (Table 1).

2) Small patella syndrome (SPS) also called
ischiopatellar dysplasia, coxopodo patellar
syndrome, or Scott-Taor syndrome, is a rare
autosomal dominant disorder. This bone
dysplasia is characterized by patellar a/
hypoplasia and pelvic anomalies, including
bilateral absent or delayed ossification of the
ischiopubic junction and infra-acetabular
axe cut notches (fig. 5). Other major signs are a
wide gap between the first and second toes,
short fourth and fifth rays of the feet, and pes
planus. Various other skeletal anomalies have
been reported, such as elongated femoral necks,
flattened and widened proximal femoral
epiphyses, hypoplasia of the lesser trochanter,
and tarsal anomalies. At contrary to NPS, no
nails change, iliac horn, elbow anomaly, or renal
disease is associated with this condition [3].

Fig. 5: Small patella syndrome (SPS): pelvic anomalies on AP X-ray, including bilateral
absent ossification of the ischiopubic junction (arrow), infra-acetabular axe cut
notches (arrow) and elongated femoral necks (up). Permanent patellar dislocation on
the left side not yet treated, right side had been reduced surgically after lateral
release, Judet quadriceps desinsertion, Grammont procedure, MPFL reconstruction

and patelloplasty... (down).
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3) Genito-patellar syndrome (GPS) is one of
the syndromes described in the last decade.
This probable autosomal recessive inheritance
is characterized by aplasia/hypoplasia patellae,
agenesis of the corpus callosum, microcephaly,
mental  retardation,  extremity  flexion
contractures, skeletal anomalies, urogenital
anomalies, and characteristic facies [13].

4) The Meier-Gorlin syndrome (MGS) or ear,
patella, short stature syndrome is a rare autosomal
recessive  disorder, characterized by the
association of aplasia/hypoplasia of the patellae,
bilateral microtia, and severe pre- and postnatal
growth retardation with short stature [2].

5) Coffin-Siris syndrome (CSS) can be
confusing with NPS because of many
similarities (Table 1). The most frequent
findings include some degree of mental
retardation or developmental delay, “coarse”
facial appearance, feeding difficulties, frequent
infections, and patellar a/hypoplasia, fifth
fingernails and fifth distal phalanges [5].

6) Isolated Patella aplasia-hypoplasia
(PTLAH) is a rare genetic defect usually
characterized by isolated congenital absence or
marked reduction of the patella [9].

Size:

Short Stature :
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CONCLUSION

Separation of syndromes associated with
congenital dislocation and syndromes associated
with patellar aplasia or hypoplasia is artificial
and used here only for a didactic point of view.
When dealing with these pathology, careful
attention must be paid during clinical exam in
order to detect associated syndromes that could
impact the management of the patient.
Permanent dislocation in younger age can be
related with many associated syndromes;
whereas episodic dislocation is often isolated
but should consider connective tissues patholo-

gies when generalized hypermobility is noticed.
The figure 6 summarizes where to look at when
a clinician deal with patellar dislocation, aplasia
or hypoplasia.

In case of familial history or small patella, a
genetic disorder is suspected: parent’s assess-
ment, pelvis X-ray will be of major diagnosis
value (NPS, SPS and GPS).

And so the orthopedist surgeon will sometime
have to refer the patient to other specialist such
as geneticist, ophthalmologist, cardiologist, or
nephrologist...
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ANATOMICAL POSITIONING OF
THE MEDIAL PATELLOFEMORAL
LIGAMENT IN CHILDREN

M. NELITZ, S. LIPPACHER

INTRODUCTION

Lateral patellar dislocation is a common knee
injury in the skeletally immature adolescent
with a high recurrence rate in patients younger
than 14 years [5, 9, 10, 12, 24]. The stabilising
role of the MPFL as the main restraining force
to lateral displacement of the patella has been
emphasized by many authors [2, 4, 20]. In
adults reconstruction of the patellofemoral
ligament has shown good results [1, 4, 7, 21].
Since it has been shown historically in children,
that operative procedures like lateral release,
medial reefing and the Roux-Goldthwait
procedure have a high failure rate reconstruction
of the MPFL has been advocated in skeletally
immature patients as well [19]. Due to the
adjacent physis different non anatomical
techniques have been described for children [6,
12, 24]. But many authors emphasized the need
of an anatomical reconstruction with tightening
of the MPFL in knee flexion when the femoral
origin is placed too proximally [4, 13, 25, 26].
Additionally several authors have shown, that
the femoral insertion of the MPFL is distal to
the femoral physis [3, 14, 15, 16, 18]. As the
importance of an anatomical repair respecting
the femoral and patellar insertion of the
ligament has been proven, this technical report
describes the technique of an anatomical,
physeal-sparing reconstruction of the MPFL in
children with open growth plates.

METHODS

Before surgery every patient’s knee was
examined clinically under anesthesia and a
diagnostic arthroscopy is performed to rule out
intraarticular pathology.

Following the diagnostic arthroscopy an
oblique incision is made along the pes
anserinus. After exposing the fascia the gracilis
tendon is harvested proximally using a tendon
stripper. Distally the tendon is sharply detached
from the tibia. The tendon is prepared with a
Vicryl suture on both ends and stored within a
moist swab.

A longitudinal incision is made over the medial
proximal two-thirds of the patella. The medial
border of the patella is exposed subperiosteally
avoiding injury of the joint capsule. A 4-mm
drill is used to create a V-shaped tunnel at the
superomedial half of the patella with sufficient
distance between tunnels to avoid fracturing.
The graft can then be inserted into the tunnel
forming a loop through the patella (fig. 1).

By blunt dissection the interval between the
capsule and the vastus medialis obliquus is
developed to the femoral insertion of the
MPFL. Using the indirect radiographic method
described by Schéttle e al. [22] the anatomical
femoral insertion of the MPFL is identified
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Fig. 1: Double bundle insertion of the graft (arrows)
reconstructs the wide span of the patellar insertion
of the native MPFL.

under fluoroscopic control. A guide pin is
placed at the femoral insertion. Fluoroscopy is
used to confirm the correct placement of the
guide-pin sparing the distal femoral physis.
Due to the concave curvature of the distal
femoral physis, the lateral radiograph alone
can be misleading for the determination of the

relation between the distal femoral physis and
the medial patellofemoral ligament [11, 18].
The cross-reference onto an AP view shows
that the same point that is projected on or
proximal to the physis on the lateral view is
distal to the physis on the AP view (fig. 2).
After meticulous verification of the entry-
point the guide-pin is drilled to the lateral
epicondyle distal to the physis (fig. 4). Then a
medial blind tunnel is drilled along the guide
pin to accommodate a double thickness of
graft to an adequate depth to allow optimal
graft tensioning.

The graft is then pulled between the second and
third layer to the femoral insertion point (fig. 3).

A locking suture is passed through the trans-
epicondylar axis pulling the graft into the medial
tunnel. The knee is cycled several times from
full flexion to full extension with the graft under
tension. In this way, the graft is prestretched.
The graft is then secured within the medial
condyle tunnel using a bioresorbable interferen-
ce screw with the knee flexed to 30° (fig. 5).

Fig. 2 : Intraoperative cross-reference of the physis on the lateral view onto an ap view shows that the
same point that is projected on or proximal to the physis on the lateral view is distal to the physis on the

AP view.
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Fig. 3: The free ends of the graft are pulled between
the second and third layer to the femoral insertion
point.

Fig. 4 : After identification of the entry-point the
guide-pin is drilled to the lateral condyle strictly
distal to the physis.

The aponeurosis of the VMO is sutured back to
the patella using Vicryl, with further closure of
subcutaneous tissues and skin. Routine
dressings and bandages are applied.

B

Fig. 5 : Fixation of the graft within the medial
condyle tunnel using a bioresorbable interference
screw.

REHABILITATION

Postoperatively partial weight-bearing using
crutches was allowed. Daily physiotherapy
with active and passive flexion and extension
exercises of the knee, strengthening of the
vastus medialis muscle and straight leg-raising
exercises were recommended. Full weight-
bearing was allowed at two weeks and return to
sport was allowed at the third postoperative
month.

DISCUSSION

Whereas there are numerous publications about
anatomical reconstruction of the MPFL in
adults to our knowledge this is the first report
about anatomical reconstruction of the MPFL
considering the relation of its femoral insertion
to the distal femoral physis in children.
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Deie et al. have [12] described good results
after non anatomic MPFL reconstruction in
children between 6 and 10 years. They have
chosen the posterior one-third of the proximal
attachment of the MCL as the site for pulley.

Brown et al. [6] described a technique with
combined medial patellofemoral ligament and
medial patellotibial ligament reconstruction
leaving the insertion of the semitendinosus
tendon intact. They sutured the free limb to the
MCL as proximal as possible. Both techniques
can produce an inadvertent distalisation of the
patella, even if it is not needed.

Sillanpdd et al. [24] described a technique
using a free graft wrapped around the adductor
magnus tendon.

None of the described techniques is strictly
anatomical, as they use the femoral insertion of
the MCL or of the adductor magnus tendon as
a reference for the femoral insertion of the
MPFL. A detailed anatomical study by Baldwin
[3] has shown that the adductor tubercle
provides exclusive attachment for the adductor
magnus tendon and the medial epicondyle
provides exclusive attachment for the MCL,
whereas the insertion of the MPFL is found in
a groove between these two landmarks. Using
these non anatomical techniques it is
furthermore difficult to control the accurate
tension of the graft during fixation.

The need for an anatomical reconstruction is
now widely accepted. If the femoral origin is
placed too proximally tightening of the MPFL
in knee flexion with concomitant increased
contact stress can occur [13, 25, 26]. Camp et
al. [8] found the failure to restore the anatomical
femoral insertion to be a main risk factor for
the failure of MPFL reconstruction.

Several studies have shown that the insertion
of the MPFL is typically distal to the femoral
physis [3, 14, 15, 16, 18]. On MRI scan, Kepler
et al. [14] measured the distance between the
MPFL insertion onto the distal femur and the
medial distal femoral growth plate or physeal
scar. The femoral MPFL insertion averaged
Smm distal to the femoral growth plate. A
radiographic study using the radiographic

landmarks desribed by Schéttle et al. [22]
confirmed the results of Kepler e al. [14]. The
authors have shown that the median origin of
the MPFL as seen on the AP view averaged
6.4mm (2.9-8.5mm) distal to the femoral
physis [18].

For patients with open physis this means that
an insertion proximal to the physis has to be
strictly avoided as it can create increased
medial patellofemoral pressure [13].

In summary the technique described in this
study has two major advantages. First it
reconstructs the anatomy of the MPFL and at
the same time it is respecting the distal femoral
physis. To avoid injury of the physis the femoral
insertion as well as the direction of the blind
hole have to be checked radiographically on
lateral and AP view. As the femoral insertion of
the MPFL is distal to the physis the bone tunnel
has to be strictly in the epiphysis. Secondly the
technique desribed in the present study
technique uses a sling through the proximal
half of the patella, which recreates the double-
bundle structure of the MPFL and decreases
patellar rotation compared to single-point
fixation [2, 23].

CONCLUSION

This is the first report of a minimal invasive
procedure for anatomical reconstruction of the
MPFL in children with open growth-plates.
This technique considers the fact that the
femoral insertion of the MPFL is distal to
femoral physis. As a too proximal insertion of
the graft proximal to the physis can cause
unintentional tightening of the MPFL in knee
flexion this has to be considered during the
reconstruction of the MPFL in skeletally
immature patients.

ABSTRACT

Recurrent lateral patellar dislocation is a
common knee injury in the skeletally immature
adolescent. In adults anatomical reconstruction
of the MPFL is recommended, but due to the
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open physis operative therapy in children is
more challenging. We present a minimal
invasivetechniqueforanatomicalreconstruction
of the MPFL in children considering the
important fact, that the femoral insertion is

distal to the femoral physis. Since the failure to
restore the anatomical femoral insertion is the
main risk factor for failure of MPFL
reconstruction, an insertion proximal to the
physis has to be strictly avoided.
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PHYSEAL-SPARING MPFL

RECONSTRUCTION IN CHILDREN:
experience of the pediatric orthopaedic
department of Lyon
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M.M. CHAKER, J. BERARD

INTRODUCTION

There is a very high rate of recurrent instability
after primary acute patellar dislocation in
children with or without early repair medial
structures [13]. More than 100 procedures
reported for patella stabilization... This fact
presumes that no single technique is superior
for this multifaceted condition. More recently,
some authors highlighted the anatomy of
mediopatello femoral ligament and described
anatomic reconstruction of this structure [5, 14,
15]. Since 2000, there is growing interest in
exchanging the myriad of nonanatomic extensor
mechanism reconstructions for more anatomic
procedures based on restitution of the MPFL in
adults [1].

Few data are available about MPFL recons-
truction in children since the first experience
published [2], except some recent and short
series [7, 12, 17]. The aim of this study was to
report our experience with MPFL reconstruction
in children and to describe our evolution toward
a personal and new procedure for MPFL
reconstruction on skeletally immature patients
and adolescents.

PATIENTS AND METHOD

Indication

Great majority of permanent and habitual
dislocations have to be surgically corrected as
soon as possible. Stabilization is indicated in
case of episodic dislocation after major
objective patella instability with 2 or more
patella dislocations, trochlear dysplasia and
apprehension test +.

Our global strategy

Except MPFL reconstruction which is
systematically part of the treatment, patella
stabilisation surgery in our unit is a “a la carte
surgery” [4]. We are concerned about patella
alta and this condition should be treated during
the same time but anteriorly to the MPFL
reconstruction in order to keep a satisfied graft
isometry. Lateral release is performed “on
demand” only when lateral retinaculum is very
tight. For skeletally immature patient soft tibial
tubercule transfer according to Grammont is
associated when the Q angle was important or
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TAGT distance > to 20mm [6, 8]. In such
situation and for adolescents with closed
growth plate, a classical tibial tubercule
osteotomy is used. More rarely, and for
adolescents a trochleoplasty according to
Dejour is associated. In younger children, and
when dealing with permanent patella dislocation
which combine short quadriceps, a Judet
quadriceps liberation is associated.

Surgical procedures

Since 2007, we perform MPFL reconstruction
in children. Initially we used Deie technique
for skeletally immature patients [2] and Fithian
technique for adolescents [1] (fig. 1). This
preliminary experience about 13 cases has been
reported during EPOS meeting in 2010 [3]
(Results).

In the mid-2010, we develop an anatomic
double bundle physeal-sparing technique using
a free semitendinosus tendon. This technique
will be reported here (fig. 2).

This technique is mixing Fithian method and a
modified Deie method (fig. 1). It is conducted

under general anaesthesia and continuous loco-
regional analgesia. The patient is in supine
position. The operated knee is placed at 80°
flexion with a foot support distally and a
support on the lateral aspect of the thigh allows
stability during surgery. A non-sterile tourniquet
is placed as proximal as possible.

The procedure starts with semitendinosus
transplant harvest. A longitudinal and oblique
2cm skin incision is made medial to the tibial
tubercule. The semitendinosus is identified,
and its tendon is harvested proximally with a
tendon stripper first (fig. 2A-B), while it distal
insertion is also separated. A running 2-0
resorbable crisscross suture is placed in both
end of the free tendon.

Two additional 2cm longitudinal incisions are
made at the superomedial border of the patella
and over the medial epicondyle. Through the
epicondyle approach, the medial collateral
ligament is dissected on an O’shaughnessy
dissecting forceps (fig. 2D). A space is created
between 2/3 anterior and 1/3 posterior of MCL
proximal fiber. The tendon of semitendinosus
is transferred to the patella using the posterior
one-third of the femoral insertion of the medial

Fig. 1: lllustration of Fithian, Deie and personal technique for MPFL
reconstruction in children and adolescent.




PHYSEAL-SPARING MPFL RECONSTRUCTION IN CHILDREN

collateral ligament as a pulley as described by
Deie [2] (fig. 2E). The three different layers of
the medial patellar system were dissected: the
first corresponds to the superficial retinaculum,
the second to the MPFL and MCL and the third
to the knee capsule. The tendon bundles were
transferred from the pulley to the patella
locating in the second layer taking care they
were not twisting each other.

Through the patella approach, two transversal
bone tunnels are drilled with the size of the
semitendinosus tendon (fig. 2C). Each graft
bundle is passed through the patella tunnels
[1]. After the graft is passed in the tunnels
(fig. 2F), it is passed back and sutured to itself
pulling the patella medially. Tensionning the
graft is performed with the knee in 30° of
flexion. The correct among of tension prevents
lateral subluxation without causing medial
subluxation or excessive medial compression.
Patella tracking and stability are tested throught
the range of knee motion. In full extension, the
patella slightly moves medially (favorable non
isometry).

Selected associated procedures are performed
during the same time (Cf. global strategy).

The tourniquet is deflated and after accurate
hemostasis, an intra-articular drainage is or no
associated. The wounds are closed with
interrupted ~ subcutaneous  sutures  and
absorbable running subcuticular sutures. Elastic
bandage wrap and postoperative immobilization
amovible brace with 10° flexion are used.

Postoperative care: full weight-bearing is
allowed immediately. Early active range of
motion exercices are started as tolerated.
Immediate continuous passive motion is
associated. A return to sport and full activities
is allowed after 4 to 6 months.

Method

Results were assessing with Kujala scoring
system. Objective correction of the patella tilt
was measured with CT scan preoperatively and
postoperatively 1 year following surgery.

Fig. 2: Details and intraoperative views of different steps for MPFL reconstruction in our unit.
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RESULTS

Initial experience with MPFL

This isabout the 13 first patients (series presented
at 2010 EPOS meeting) [3]. No permanent or
habitual dislocation was included in this study.
Inclusion criteria were: i) major objective patella
instability with 2 or more patella dislocations, ii)
all trochlear dysplasia/apprehension test +
(fig. 3), iii) no previous surgery.

After a mean of 10.5 months (range, 3-23)
follow-up after surgery, no recurrent episodes
of dislocation or subluxation were reported.
Mean Kujala score was of 90.2 (range, 84-99)

Fig. 3: Typical positive moving patellar apprehension
test (look at patient’s hands).

Fig. 5: Patellar tilt during
contracted Q and CT scan.
Before and after MPFL
reconstruction in a young
child with habitual patella
dislocation. The patella
tunnel can be noticed.

BEFORE

at latest follow-up. For all patients the moving
patellar apprehension test was positive before
and negative after surgery. A firm end point to
lateral patellar translation was noticed in all
patients at latest follow-up (fig. 4).

Objective assessment with CT noted that the
patellar tilt on relaxed quadriceps was

significantly improved from 28° preoperatively
(range, 16-41) to 16° at follow-up (range, 7-32).
The patellar tilt on contracted quadriceps was
significantly improved from 35° preoperatively
(range, 21-52) to 24.6° at follow-up (range, 11-
48) (fig. 5).

Fig. 4: In our experience, moving patellar apprehe-
nsion test (or Smilie test) was always find negative
post-operatively in the series treated with MPFL
reconstruction.
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Preliminary results with our new
physeal-sparing method

These are, for part, included in the prospective
study of symposium SFA 2012. In the overall
series, there was no recurrence of dislocation
after surgery. Radiological assessment showed
that the congruence angle, the tilt angle and the
lateral shift radio were restored to normal.
More detailed results will be presented during
the meeting.

DISCUSSION

The exact relation of MPFL and the distal
femoral physis is still controversial; some
authors find it proximal and others distal to the
physis [10, 16]. Anatomic femoral insertion is
probably very close to the growth plate and
reconstruction should avoid femoral tunnel that
could generate growth disturbance. The
importance of an anatomically positioned
MPFL reconstruction has been highlighted as
non-anatomic attachments caused significant
loss of isometry.

Physeal-sparing technique of MPFL recons-
truction using the posterior one-third of the
femoral insertion of the medial collateral
ligament as a pulley, have been described by
Deie in 2003 [2]. But in his technique the
semitendinosus was still attached distally on
the tibia and the reconstruction did use a single
bundle. We believe that a single bundle offer
low resistance in an adolescent knee and is less
anatomic than a double bundle. In mid-2010,
we started to detach the semitendinosus distally
keeping the principle of the pulley, and now
this procedure is used whatever is the skeletal
maturity.

CONCLUSION

Anatomic MPFL reconstruction is possible in
children and adolescent. In preliminary study,
the patellar tilt could be efficiently improved
by MPFL reconstruction and these results
correlated with Kujala score. Middle and long
term results still have to be evaluated.
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ACUTE PATELLAR DISLOCATION:
WHICH EXAMINATION FOR WHICH
MPFL LESION?

JA. FELLER

Given that the medial patellofemoral ligament
is the primary soft tissue restraint preventing
lateral patellar dislocation [1, 2], it is not
surprising that it is usually disrupted to some
degree when the patella dislocates laterally. In
the setting of acute dislocation, the reported
rate of injury to the MPFL is up to 100% [3, 4].
The ligament appears to have a poor capacity
to heal back to a near normal structure. It tends
to heal in an elongated fashion and is thus often
noted to be attenuated in the setting of recurrent
patellar instability.

The precise anatomy of the MPFL has been
extensively studied [5-11]. The patellar
attachment is broader than the femoral
attachment and extends over the proximal one
half to two thirds of the medial border of the
patella. The exact location of the femoral
attachment has been variably described but is
generally agreed to be in the region of the
medial femoral epicondyle to the adductor
tubercle.

It has been reported that the MPFL is frequently
disrupted at more than one site [ 12], particularly
in children and adolescents [4]. However, the
femoral attachment is the most common
location of injury and occurs in up to 97% of
cases of acute patellar dislocation [13]. The
next most common site is the femoral
attachment. This is relevant in terms of the
location of tenderness in the acute setting.

Physical examination of the MPFL specifically
is essentially comprised of palpation for
tenderness, assessment of laxity of the MPFL,
and identification of patellar apprehension.
Ancillary testing includes assessment of
generalized ligamentous laxity and the
identification of predisposing factors for
recurrent patellar instability.

The identification of tenderness is really only
relevant to the acute patellar dislocation. No
particular site is specific for MPFL injury, but
tenderness in the region of the medial femoral
epicondyle is most common [3]. However this
may also be due to an injury to the medial
collateral ligament, which may be co-existent
and which will usually be associated with pain
when a valgus stress is applied to the knee.

Tenderness at the medial border of the patella
may be associated with injury to MPFL, but
can also reflect capsular injury, tearing of the
insertion of vastus medialis, synovial injury
and associated haemorrhage, and osteochondral
injury of the patella. Tenderness over the mid
portion of the MPFL may similarly reflect
MPFL injury as well as capsular injury.

MPFL insufficiency will result in a decreased
resistance to lateral translation of the patella.
Although the slope of the lateral facet of the
trochlear groove provides the principal
resistance to lateral translation [2], the MPFL
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provides the most soft tissue restraint.
Senavongse et al showed that division of the
medial retinacular structures decreased the
force required to laterally displace the patella
by up to 50% [2]. The effect was significant
between 0% and 20%, but was most marked
at 0%.

Clinically, this can be assessed by measuring
how far laterally the patella can be displaced,
relative to the trochlear groove. Traditionally
the patella is divided into four segments, each
25% of the width. The number of quadrants by
which the patella can be displaced is recorded
[14]. Two to three (25 to 50%) is considered
normal. One or less represents tightness and
three or more represents excessive laxity. The
end point can also be assessed with a soft end
point being suggestive of extensive disruption
of the MPFL.

Attempts have been made to more accurately
quantify the amount of lateral displacement, but
there is considerable variation in the reported
results. Kujala ef al. reported a mean total
mediolateral patellar translation of 31mm in
healthy volunteers with the knee extended [15].
Joshi and Heatley reported a range of lateral
patellar mobility of 8.3 to 19.6mm in women
and 9 to 18.6mm in men [16]. Overall, they
suggested a normal range of 8 to 20mm. Skalley
et al. measured lateral patellar displacement
with the knee in extension and at 35 degrees
flexion, using both manual displacement and a
mechanical “patellar pusher” [17]. They found
manual displacement to be less variable and
reported mean displacement values of 5.4mm
in extension and 10mm in flexion.

The variability in reported norms suggests that
the measurement can be affected by a number
of factors. This is also evident from the
relatively poor reliability reported by Smith et
al. [18]. They reported weighted Kappa indices
of 0.43 (p<0.01) and 0.11 (p=0.21) for intra-
and inter-observer reliability respectively.
Similar concerns have been expressed by other
authors [19, 20]. Difficulty in detecting MPFL
deficiency in patients with patellar instability
was also described by Garth et al. [21].

The size, specifically the width, of the patella
will affect how the absolute distance is
recorded. The starting point of the patella will
also have an effect. It is in important to have
the patella centrally placed in the trochlea
before the lateral displacement is recorded.
This can be difficult in the presence of a very
flat trochlea. Fulkerson has noted that the
impression of lateral displacement can be
accentuated by inadvertent lateral tilting of the
patella [22]. This can be countered by ensuring
that the patella is kept aligned in a coronal
plane throughout the maneuver.

The amount of force used will also have an
impact, as will the relaxation of the patient.
The test needs to be performed gently. In the
acute setting, the point at which the patella is
grasped on the medial side should be away
form any tender site. In both the acute and
chronic situations apprehension as the patella
is displaced laterally may cause the patient to
tense and contract their quadriceps muscle,
thereby resisting movement of the patella.

Perhaps the most important consideration is the
angle of knee flexion at which the test is
performed. Testing the knee in extension
reduces or eliminates the effect of the bony
morphology of the patellofemoral joint,
particularly in the presence of patella alta and
trochlear dysplasia. It is also the angle at which
the effect of the MPFL appears to be maximal
[2]. However, it also makes it more difficult to
determine the correct starting point for the
patella. Testing with the knee in 20 degrees
flexion, on the other hand, tests the MPFL at
the angle at which the patella is most susceptible
to dislocation. This is, however, offset to some
degree by the effect of the slope of the lateral
facet of the trochlea, which is greater the more
the knee is flexed.

Testing the lateral displacement of the patella
will at the same time give an indication of
apprehension on the part of the patient. The
apprehension test is well known and is regarded
as a good indicator of persistent patellar
instability.
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Ahmad et al. described what they called the
moving patellar apprehension test [23].
Essentially, a lateral displacement force is
applied to the patellar as the knee is taken from
extension into 90 degrees flexion and back to
extension. The patient is observed for appre-
hension. In the second part of the test the knee
is taken through the same range of motion, but
with a medial displacement force applied to the
patellar, which should eliminate apprehension
in the patient with an incompetent MPFL.
Compared to the ability to dislocate the patella
under anesthesia, the moving patellar apprehen-
sion test was found to be highly sensitive, and
both accurate and specific.

It is important to consider the amount of lateral
translation of the patellar in terms of the overall
ligamentous laxity of the patient. Generalised
ligamentous laxity is assessed using the signs
described by Beighton and Horan [24]. These
are passive dorsiflexion of the little finger
beyond 90 degrees with the forearm flat on a
table, passive opposition of the thumb to the
flexor aspect of the forearm, hyperextension of

the elbow beyond 10 degrees, hyperextension
of the knee beyond 10 degrees, and forward
flexion of the trunk so that the palms of the
hands can be rested easily on the floor. They
can be scored by assigning a score of zero
(absent) or one (present) to each of the tests
that can be performed bilaterally as well as to
trunk flexion [25]. A total score of 4 or more
out of 9 is considered indicative of generalized
ligamentous laxity.

In summary, the MPFL is almost always injured
in an acute patellar dislocation. The most
frequent site is the femoral attachment and this
is often associated with tenderness. The second
most frequent site is the patellar attachment, but
multiple sites of injury have also been reported,
especially in children and adolescents. Lateral
patellar glide can be assessed with the knee in
extension and also in 20 to 30 degrees flexion.
Displacement of more than 50% of the width of
the patella is considered abnormal. Patellar
apprehension can be assessed at the same time.
Consideration should also be given to the
presence of generalized ligamentous laxity.

LITERATURE

[1] CONLAN T, GARTH WPJ, LEMONS JE. Evaluation of
the medial soft-tissue restraints of the extensor mechanism
of the knee. J Bone Joint Surg Am. 1993rd ed. 1993 May;
75(5): 682-93.

[2] SENAVONGSE W, AMIS AA. The effects of articular,
retinacular, or muscular deficiencies on patellofemoral joint
stability. The Journal of bone and joint surgery. British
volume. 2005" ed. 2005 Apr. 87(4): 577-82.

[3] SALLAY PI, POGGI J, SPEER KP, GARRETT WE.
Acute dislocation of the patella. A correlative pathoanatomic
study. Am J Sports Med. 1996 Jan. 24(1): 52-60.

[4] BALCAREK P, WALDE TA, FROSCH S,
SCHUTTRUMPF JP, WACHOWSKI MM, STURMER
KM, et al. Patellar dislocations in children, adolescents and
adults: a comparative MRI study of medial patellofemoral
ligament injury patterns and trochlear groove anatomy. Eur J
Radiol. 2011 Sep.; 79(3): 415-20.

[5] MOCHIZUKI T, NIMURA A, TATEISHI T,
YAMAGUCHI K, MUNETA T, AKITA K. Anatomic study
of the attachment of the medial patellofemoral ligament and
its characteristic relationships to the vastus intermedius.
Knee Surg Sports Traumatol Arthrosc. 2012 Apr. 11.

[6] AMIS AA, FIRER P, MOUNTNEY J, SENAVONGSE
W, THOMAS NP. Anatomy and biomechanics of the medial
patellofemoral ligament. Knee. 2003 Sep.; 10(3): 215-20.

[7] FELLER JA, FEAGIN JA, GARRETT WE. The medial
patellofemoral ligament revisited: an anatomical study. Knee
Surg Sports Traumatol Arthrosc. 1993;1(3-4): 184-6.

[8] NOMURA E, INOUE M, OSADA N. Anatomical
analysis of the medial patellofemoral ligament of the knee,
especially the femoral attachment. Knee Surg Sports
Traumatol Arthrosc. 2005 Oct.; 13(7): 510-5.

[9]1 SMIRK C, MORRIS H. The anatomy and reconstruction
of the medial patellofemoral ligament. Knee. 2003 Sep.;
10(3): 221-7.

[10] STEENSEN RN, DOPIRAK RM, MCDONALD WG.
The anatomy and isometry of the medial patellofemoral
ligament: implications for reconstruction. Am J Sports Med.
2004 Sep.; 32(6): 1509-13.

[11] WARREN LF, MARSHALL JL. The supporting
structures and layers on the medial side of the knee: an
anatomical analysis. J Bone Joint Surg Am. 1979 Jan.; 61(1):
56-62.

55



56

JA. FELLER

[12] ELIAS DA, WHITE LM, FITHIAN DC. Acute lateral
patellar dislocation at MR imaging: injury patterns of medial
patellar soft-tissue restraints and osteochondral injuries of the
inferomedial patella. Radiology 2002 Dec.; 225(3): 736-43.

[13] SALLAY PI, FRIEDMAN RL, COOGAN PG,
GARRETT WE. Hamstring Muscle Injuries Among Water
Skiers: Functional Outcome and Prevention. Am J Sports
Med. 1996 Mar. 1;24(2): 130-6.

[14] KOLOWICH PA, PAULOS LE, ROSENBERG TD,
FARNSWORTH 8. Lateral release of the patella: indications
and contraindications. Am J Sports Med. 1990 Jul.; 18(4):
359-65.

[15] KUJALA UM, KVIST M, OSTERMAN K. Knee
injuries in athletes. Review of exertion injuries and
retrospective study of outpatient sports clinic material.
Sports Med. 1986 Nov.; 3(6): 447-60.

[16] JOSHI RP, HEATLEY FW. Measurement of coronal
plane patellar mobility in normal subjects. Knee Surg Sports
Traumatol Arthrosc. 2000, 8(1):40-5.

[17] SKALLEY TC, TERRY GC, TEITGE RA. The
quantitative measurement of normal passive medial and
lateral patellar motion limits. Am J Sports Med. 1993 Sep.;
21(5): 728-32.

[18] SMITH TO, CLARK A, NEDA S, ARENDT EA, POST
WR, GRELSAMER RP, et al. The intra- and inter-observer
reliability of the physical examination methods used to

assess patients with patellofemoral joint instability. Knee
2011 Jun. 27.

[19] TOMSICH DA, NITZ AJ, THRELKELD AJ, SHAPIRO
R. Patellofemoral alignment: reliability. The Journal of
orthopaedic and sports physical therapy. 1996 Mar.; 23(3):
200-8.

[20] WATSON CJ, LEDDY HM, DYNJAN TD, PARHAM
JL. Reliability of the lateral pull test and tilt test to assess
patellar alignment in subjects with symptomatic knees:
student raters. The Journal of orthopaedic and sports
physical therapy. 2001 Jul.; 31(7): 368-74.

[21] GARTH WP, DICHRISTINA DG, HOLT G. Delayed
proximal repair and distal realignment after patellar
dislocation. Clin Orthop Relat Res 2000 Aug.;(377): 132-44.
[22] FULKERSON JP, BUUCK DA. Disorders of the
patellofemoral joint. 2004. p. 374.

[23] AHMAD CS, McCARTHY M, GOMEZ JA, SHUBIN
STEIN BE. The moving patellar apprehension test for lateral
patellar instability. Am J Sports Med. 2009 Apr.; 37(4): 791-6.
[24] BEIGHTON P, HORAN F. Orthopaedic aspects of the
Ehlers-Danlos syndrome. The Journal of bone and joint
surgery. British volume. 1969 Aug.; 51(3): 444-53.

[25] GRAHAME R, BIRD HA, CHILD A. The revised
(Brighton 1998) criteria for the diagnosis of benign joint
hypermobility syndrome (BJHS). J Rheumatol. 2000 Jul.;
27(7): 1777-9.




PRIMARY PATELLAR DISLOCATION
AND MEDIAL PATELLOFEMORAL
LIGAMENT INJURY

P. SILLANPAA

First-time (primary) patellar dislocation
commonly occurs in the young physically
active population [1] and is associated with a
high rate of recurrent patellar instability.
Depending on the patient cohort, 44% to 70%
patients sustain recurrent dislocations [2-4]. In
patellar dislocation, the primary stabilizer, the
MPFL, is frequently torn. A total or partial
MPFL disruption can be seen by magnetic
resonance imaging (MRI) [5, 6]. Biomechanical
studies [7-9] have shown that the MPFL is the
major ligamentous restraint against lateral
patellar dislocation. The MPFL extends from
the medial margin of the patella and attaches
firmly to the femur between the adductor
tubercle and the medial epicondyle [10, 11]
The MPFL is estimated to contribute 50 to 60%
of the restraining force against lateral patellar
displacement [7-9] MPFL injury can be
diagnosed using MRI [5, 6, 12, 13]. Primary
patellar dislocations quite often involve an
osteochondral fracture that may require surgical
fixation [2, 14]. The significant variation in the
injury pattern and other associated factors such
as alignment, dysplasia and osteochondral
injury can make treatment challenging. The
majority of primary dislocations can be
managed nonsurgically, although occasionally
surgery is warranted and a thorough evaluation
of each case is required [15]. The optimal
strategy is not yet established.

When the patella dislocates laterally, the medial
patellar restraints are injured, particularly the
MPFL[1,9, 16]. The force required to dislocate
the patella most likely depends on the individual
patellofemoral morphology [1, 17]. The
incidence of primary patellar dislocation is
reported to range from 6 to 112 per 100,000
persons depending on the age of the population
[1, 16, 18-20]. The mechanism of injury is
reported to be knee valgus stress and internal
rotation of the femur with the foot fixed on the
ground [1, 16, 17, 21]. The risk factors for
primary patellar dislocation are tall height and
excess weight (Table 1) [1]. The risk factors for
recurrent patellar instability are well described
and include anatomic predisposing factors;
trochlear dysplasia, patella alta, variations of
limb alignment, connective tissue laxity, and
insufficiency of previously injured medial
restraints [3, 13, 22].

Primary patellar dislocation has certain
important signs that affect decision-making
between surgical and nonsurgical methods.
Radiographs are needed to evaluate patellar
position and assess osteochondral fractures.
Sagittal and anteroposterior views with axial
Merchant [24] are used. MRI is recommended
to assess the cartilage more precisely [25].
MPFL injury location can be assessed reliably
only by MRI [6]. MPFL injuries are classified
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Table 1: Risk factors for acute traumatic primary patellar dislocations among military conscripts (median
and standard deviation). Reprinted with permission of Wolters Kluwer Health (Sillanpaa P, Mattila VM,
livonen T, et al. Incidence and risk factors of acute traumatic primary patellar dislocation. Med Sci Sports

Exerc. 2008;40: 606-611.) [1]

GENDLETIELD Healthy controls
Risk factor primary patellar (n= 1‘:(;0 421) p-value
dislocation (n=75) B
Sex
- Male 73 128,642 0.283
- Female 2 1,992
Age (y) 19.8 (0.8) 20.0 (1.3) 0.287
Height (cm) 180.3 (7.2) 178.5 (6.7) 0.031*
Weight (kg) 77.2 (4.3) 73.2(12.7) 0.014*
Muscle strength 16.4 (3.5) 16.4 (3.6) 0.960
Run test (m) 2500 (371) 2520 (355) 0.703
Body mass index 23.7 (3.8) 22.9 (8.5) 0.105

* considered significant with p-value < 0.05

in three categories based on location: at the
level of the MPFL patellar insertion, at the
midsubstance of the MPFL and medial
retinaculum, and at the femoral origin of the
MPFL (Table 2) [6, 12]. Therefore, MRI is
recommended in cases of primary dislocation
to verify the diagnosis, evaluate additional
injuries, and, importantly, describe the anatomic
factors of the patellofemoral joint [6, 26-30].

Prospective studies report variable results after
surgical treatment for patellar dislocation [3].
Two prospective randomized studies described
better patellar stability after MPFL repair
compared with conservative treatment [5, 31].
However, only one study described clinically
significant improvement in subjective outcome
[31]. The recent study included MPFL
reinsertion with anchors [31], showing more

favorable results with surgical treatment. All of
the prospective randomized studies utilized
different kinds of MPFL repair [5, 21, 23, 31,
33]. To date, no study has compared MPFL
reconstruction to nonoperative treatment in a
prospective and randomized study setting.

MPFL repair by sutures is not better than
nonsurgical treatment, and does not decrease
recurrent instability rate in skeletally immature
children and do not improve subjective results
in adults [5, 21, 23]. Acute arthroscopic MPFL
repair is also not superior to nonsurgical
management [12]. Arthroscopic repair is likely
an insufficient method to approach all the
MPFL injury locations. Delayed repair is
usually not targeted to the previous injury
location and is therefore not useful [32-34].

Table 2: Classification on medial patellofemoral ligament (MPFL)
injuries based on injury location and reported incidence in the literature [6, 26-30]

MPFL injur . .- Proportion in Mean reported
e s Anatomical description . . . L

classification primary dislocations incidence

Patellar MPFL patellar attachment 13-76% 54%
MPFL midsubstance

Midsubstance | (region between patellar and 0-30% 12%
femoral attachments)

Femoral MPFL femoral attachment 12-66% 34%
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The clinical importance of an MPFL injury
location was evaluated in one study [28]. In
that study, MPFL disruption at the femoral
attachment was related to more frequent
subsequent instability than patellar or
midsubstance MPFL injuries [28]. The study is
limited by its retrospective nature and the use
ofonly male subjects. MPFL patellar attachment
injury was recently reported to be at least as
common as femoral attachment injury [6, 27,
29, 30]. Midsubstance MPFL disruption as an
independent injury location is less common [6,
28]. Partial tears or wavy features of the
midsubstance MPFL structure are commonly
seen in cases of patellar or femoral attachment
MPFL disruption [6, 30] Patellar MPFL injury
may include an osteochondral avulsion fracture,
in which the MPFL structure is relatively intact
and attached to the avulsed bone from the
medial margin of the patella [30]. In some
cases, articular cartilage involvement is seen
[14] (fig. 1). Based on these previous findings,
MPFL repair may be considered more unreliable
than MPFL reconstruction, in terms of
providing sufficient medial soft tissue stability.

MPFL patellar or femoral attachment injury
can be surgically reinserted with satisfying
results and may lead to a better outcome than

Fig. 1: Medial osteochondral avulsion fracture with
articular surface involvement (at the patellar
insertion of the medial patellofemoral ligament).
Axial proton-density magnetic resonance image.

nonsurgical treatment [31], although some
controversy exists in the results of prospective
studies [5, 21, 23, 33]. MPFL midsubstance
injuries seem to not benefit from acute repairs
[28]. MPFL injury at the femoral or patellar
attachment can be repaired with sutures or
suture anchors (fig. 2) [31]. Midsubstance
MPFL injury is difficult to repair adequately
and repair is not recommended [5, 21].
Midsubstance MPFL injury should be repaired
only in rare cases with extensive VMO fascial
disruption in a high-energy dislocation. Patellar
attachment MPFL injury can be classified as a
ligamentous or bony avulsion from the medial
margin of the patella [28]. A third type includes
an osteochondral fragment with articular
cartilage involvement from the medial patella
(fig. 1). According to a retrospective study,
ligamentous patellar MPFL avulsion is not
associated with an increased rate of recurrent
instability compared with femoral MPFL
avulsion injury with similar nonsurgical
management  [28].  Articular  cartilage
involvement can be considered an indication
for surgery, and cartilage defects should be
repaired by reduction and fixation of the
fragment [14, 15].

In some cases, the MPFL may be injured in two
locations [6]. Most likely, MPFL patellar or
femoral attachment disruption can be

accompanied by midsubstance total or partial
tear. Therefore, MPFL reconstruction may be

Fig. 2: Medial patellofemoral ligament patellar
attachment injury with avulsion fracture from the
medial patellar margin. Suture anchors have been
inserted to the patella for injury repair.
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more reliable surgical method than MPFL
repair, which typically address only single
injury location. MPFL reconstruction requires
experience in patellofemoral surgery and may
be considered technically more demanding
than repair. Current evidence for MPFL repair
is relatively limited compared to that for MPFL
reconstruction. MPFL repair cannot be
performed without MRI verification of the
injury location and repair is inappropriate if
performed later in cases of chronic patellar
instability [32]. Repair is perhaps best indicated
in acute cases with MRI-verified patellar or
femoral attachment MPFL disruption within a
few weeks of the injury. An additional indication
for surgical repair could be an osteochondral
fragment from the medial patella with
simultaneous patellar attachment MPFL
avulsion (fig. 1).

In conclusion, primary patellar dislocation
leads to MPFL injury. MPFL injuries can occur
in different locations and may be combined
with an osteochondral avulsion fracture of the
medial patellar margin or an impact fracture,
which should be treated with initial fixation of
the fragment. MRI is recommended for
assessment of the MPFL injury and the
exclusion of additional injuries. Current
evidence supports nonoperative management
for primary patellar dislocation in majority of

the cases. Surgery should probably be
considered for MPFL patellar or femoral
attachment disruptions in cases with one or
more dysplastic features, especially if patella is
highly unstable after dislocation. In some cases,
osseous corrections may be needed, but the
majority willstabilize with MPFLreconstruction
alone. Due to the complex nature of patellar
instability, treatment of primary patellar
dislocation is challenging.

ABSTRACT

Primary patellar dislocation results in medial
patellofemoral ligament (MPFL) injury. MPFL
is the major soft tissue stabilizer of the patella
and MPFL injury may lead to recurrent patellar
instability. The variation in location of injury of
the MPFL and the presence of an osteochondral
fracture produces challenges in clinical decision
making between nonoperative and operative
treatment, including the surgical modality, to
repair or reconstruct the MPFL. Current
evidence suggests that not all primary
dislocations should undergo the same treatment.
MPFL reconstruction may theoretically be
more reliable than repair. Femoral attachment
MPFL injury has been reported to be a risk
factor for recurrent patellar instability.
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ACUTE PATELLAR DISLOCATION.

F 3

MINI- BATTLE- CONSERVATIVE
TREATMENT VERSUS SURGICAL
TREATMENT

G.L. CAMANHO

INTRODUCTION

Acute dislocation of the patella is an infrequent
injury accounting for only 2 to 3% of cases of
knee trauma [1]. Its treatment was classically
always conservative until the medial patello-
femoral ligament (MPFL) was described and
became known. This stimulated some authors to
study repair or reconstruction of this ligament as
a treatment for acute dislocation of the patella.

In the literature, few studies reported on
surgical treatment for acute dislocation of the
patella before the MPFL became known. In
1978, Boring and O’Donoghue [2] reported
suturing the medial retinaculum in 18 patients
who evolved without recurrence of their acute
dislocations.

Conservative treatment leads to recurrence
rates ranging from 15 to 44% [1, 3].

We started our work on the MPFL by seeking
data through an anatomical and biomechanical
study [4]. From this, we assessed our results
that had been obtained from conservative
treatment and then we analyzed repair and
reconstruction of the MPFL.

ANATOMICAL STUDIES ON
THE MEDIAL PATELLO-
FEMORAL LIGAMENT

We began our studies on the MPFL in the
1990s, with an anatomical and arthroscopic
study on 15 cadavers in order to identify it. We
found the MPFL in all the specimens and
describeditanatomically and underarthroscopic
viewing [4].

We found that there was a variable femoral
insertion, which was always close to the
epicondyle and to the tubercle of the adductors,
but with variation in its width and size. The
origin in the patella was, in all cases, at the
transition between the proximal and middle
thirds. We did not observe any significant
variations in the insertions in the patella (fig. 1).

Our biomechanical studies demonstrated that
the tensile strength of the MPFL was around 80
N, and that in resistance tests under axial
traction, rupture occurred in the substance of
the ligament and at its femoral insertion. It did
not occur at the patellar insertion in any case in
the series that we studied.
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Fig. 1 : Medial patellofemoral ligament deinserted
from the femur while maintained in its patellar
insertion.

In studies on lateral traction that we conducted
in order to determine the best fixation position
for MPFL reconstruction using the patellar
tendon, we found that although the ligament
was not isometric, the best fixation position
was at 60 degrees of flexion, at which there was
less lateralization of the patella.

CLINICAL EXPERIENCE

Non-randomized study

After gaining anatomical knowledge on the
MPFL, we moved on to study the evolution of
patients with acute patellofemoral dislocation.
In a non-randomized manner, we analyzed the
evolution of 16 patients who had been treated
conservatively and 17 who had been treated
surgically [5]. The study was conducted in a
public hospital, among patients of low social
condition, which caused follow-up difficulties,
especially among the patients who had been
treated conservatively.

Conservative treatment
This treatment was provided for 16 patients

who had been radiographically examined in
anteroposterior, lateral and axial patellar views.

These radiographs allowed us to investigate
the presence of factors that might predispose
these patients to patellofemoral instability. In
accordance with Dejour ef al. [6], we took into
consideration three predisposing factors: flat
trochlea on lateral or axial x-rays and high
patella on lateral X-rays. In this group,
14 patients had at least one predisposing factor.

The conservative treatment was administered

in the following manner:

1) Aspiration of hemarthrosis when present
and voluminous

2) Immobilization for three weeks

3) Rehabilitation program until movement and
muscle strength had been recovered

The results showed that after a minimum
follow-up of 26 months (mean of 36.5), we had
eight patients with recurrent episodes of
dislocation and six patients with complaints of
some degree of instability.

Surgical treatment

The surgical treatment was administered to
17 patients. All these patients underwent
magnetic resonance imaging (MRI) in order to
diagnose the lesion. We analyzed the MRI and
decided whether the lesion was in the patella or
in the femur. This decision was made by one of
the surgeons.

Nine patients had a MPFL at the patellar
insertion. In these cases, the ligament was
repaired by reinserting the ligament in the
patella by means of direct suturing or under
arthroscopic viewing (fig. 2).

In seven patients, the avulsion of the MPFL
was interpreted as if it was in the femur, and the
ligament was reinserted using anchors.

The results showed that there were no episodes
of dislocation, but three patients reported
instability with symptoms of subluxation, in
the group in which the MPFL had been
reinserted into the femur.
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Fig. 2: Magnetic resonance imaging demonstrating
patellar dislocation with signs of bruising of the
lateral femoral condyle and fracturing due to
tearing of the medial edge of the patella.

The Kujala score was 69 in the conservatively
treated group and 92 in the surgically treated

group.

Our results from conservative treatment greatly
resembled those of Maenpaa and Letto [3],
who found that 44% of their patients presented
recurrent dislocation over a 13-year follow-up
period.

In analyzing this series, we found that the
conservative treatment did not follow any

\

pattern. The patients’ adherence to use of
immobilization and physiotherapy was variable.
The patients who were treated surgically
presented worse results when their deinsertions
occurred in the ligament substance and in the
femoral insertion. This result is in agreement
with the observations of Sillanpaa ef al. [7], in
a study on deinsertions of the MPFL in the
femur, who also considered that these had a
WOrse prognosis.

The better results from surgical treatment than
from conservative treatment, with absence of
recurrent dislocation, were in agreement with
those of Nomura et al. [8], Ahmad et al. [9] and
Sallay et al. [10].

Randomized study

We organized a second series, now in the form
of a randomized study, in which one group of
orthopedists had the assignment of guiding and
following up conservative treatment and other
group, surgical treatment. Radiography and
MRI were performed on all the patients, who
were then divided into two groups [11].

The surgical treatment consisted of a MPFL
reconstruction technique using a 0.5cm strip
from the medial patellar tendon, which was
kept inserted in the proximal third of the patella
(fig. 3) and was fixed in the region between the
medial femoral epicondyle and the tubercle of

Fig. 3 : Harvesting of 0.5cm graft from the patellar ligament after its deinsertion from the tibia.
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the adductors using an interference screw or
anchors, with the knee at 60 degrees of flexion.
The vastus medialis muscle was dissected and
sutured to the new ligament in all cases [12]

(fig. 4).

We treated 20 patients conservatively, with at
least two years of follow-up, and 21 patients
with MPFL reconstruction, also with a mini-
mum follow-up of two years.

Fig. 4 : Diagram showing insertion of the graft from
the patellar tendon, while maintaining its origin in
the proximal third of the patella, and demonstrating
the suturing of the vastus medialis muscle of the
neo-ligament.

The conservative treatment consisted of
intermittent use of a brace for three weeks,
along with a rehabilitation program that
continued until the patient’s range of motion
and muscle strength had been restored. The
mean duration of these patients’ treatment was
three months. Among the results from this
conservative treatment, there were five patients
with recurrent dislocation and three patients
with complaints of instability.

We performed MPFL reconstruction on
21 patients, using a previously described
technique [12] in all cases. After a minimum
follow-up of two years, there were no cases of
recurrence and no complaints of instability in
this group. Our results were concordant with
those of Sillanpaa et al. [13].

We took occurrences of a high patella and signs
of a flat trochlea on true lateral and axial
radiographs to be predisposing factors [6].
However, in this group of 41 patients, the
presence of predisposing factors did not affect
the results, with regard to recurrence of
dislocation or complaints of instability.

We used the Kujala score and observed that
patients treated surgically had better scores.
With regard to predisposing factors, there was
a difference in quantitative Kujala scores,
which were worse in patients with predisposing
factors, especially in cases of a flat trochlea.

COMMENTS

We described and studied the MPFL at the end
of the 1990s. Subsequently, we decided to
assess our results from conservative treatment
for acute dislocation of the patella, which was
the method of choice until that time.

From a retrospective study on 16 patients, we
found that there was a high percentage of
recurrence. We chose to operate the patients
with acute dislocation of the patella, thus
repairing the lesions when this was anatomically
possible.

In that initial series, we reinserted the MPFL in
the patella when we judged that the lesion was
closer to the patella, or in the femur when we
judged that the lesion was closer to the femoral
insertion. There were cases in which the lesion
was diffuse and it was difficult to distinguish
its real anatomical site. We found that there
was a significant improvement in the results, in
comparison with conservative treatment. A
further group presented complaints of instability
in situations of reinsertion in lesions due to
deinsertion close to the femur. We therefore
developed a reconstruction technique that used
a medial strip from the patellar tendon, for
cases in which the lesion was diffuse.

We began a series of 41 patients with a
multicenter randomized study in which the
patients who were treated conservatively were
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followed up by the same group of orthopedists.
The patients who were operated always
underwent ligament reconstruction using the
same technique, always performed by the same
surgeons.

The results demonstrated that conservative
treatment led to instability or recurrence in
40% of the cases, while surgical treatment did
not lead to any recurrences or complaints of
instability.

CONCLUSION

We conclude that in active patients, acute
dislocation of the patella should be treated
surgically, and that the method of choice is
MPFL reconstruction. In cases of deinsertion
of the MPFL from the patella, with a clear
diagnosis using MRI, the ligament can be
reinserted in the patella.
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INTRODUCTION

Externe, interne puis assistant chef de clinique,
je me suis toujours intéressé aux problémes ro-
tuliens et étais trés intrigué par le terme de
Patella Baja, néologisme barbare mélange de
latin et d’Espagnol dont nous pensons que 1’ap-
pellation Patella Infera est plus appropriée,
G. Deschamps en a d’ailleurs fait sa thése [13].

HISTORIQUE

Au sein du service, dans les années 70, la hau-
teur rotulienne était appréciée selon I’ancienne
méthode de Blumensaat (fig. 4) (1938) aussi
lorsque mon patron Albert Trillat me proposa
comme sujet de thése en 1976 “les ruptures du
systéme extenseur du genou, fracture de la ro-
tule exceptée” (fig. 1) [8], je me suis trouvé
confronté a ce probleme de définition d’une
bonne hauteur rotulienne fiable, ce que ne me
permettait pas les mesures plus anciennes
compte tenu de la qualité assez médiocre des
radiographies du genou a I’époque, pas tou-
jours de profil, développées a la main et avec
un degré de flexion aléatoire de 0 a 90°.

Mes amis Gilles Melere et Frangois Lecuire
s’¢taient trouvés ¢galement dans cette situation
dans leurs théses respectives sur “les fractures
des plateaux tibiaux (thése Lyon 1976) et sur le

genu recurvatum et son traitement par ostéoto-
mie tibiale” (thése Lyon 1976).

Aussi, apres avoir examiné les 130 dossiers sé-
lectionnés pour ma thése provenant essentielle-
ment des services de A. Trillat, H. Dejour, G.
Bousquet et C.R. Michel, mon premier travail
fut, devant I’impossibilité d’utiliser soit la mé-
thode de Blumensaat (pas de profil strict et
flexion variable) soit la méthode d’Insall et
Salvati (TTA pas toujours visible et flexion va-
riable supérieure a 30°) de trouver une nouvelle
méthode remplissant au moins 2 conditions :
repére fixe indépendant de la qualité des radios
et indépendant du degré de flexion du genou
entre 10 et 80°. Ceci me conduisit a une pre-
miere méthode de mesure avec prise en compte
de la longueur rotulienne (idem Insall et
Salvati) et un repére fixe du tibia (bord antéro-
supérieur) la notion de rapport effacant 1’in-
fluence du degré de flexion (fig. 2).

Ceci me permit également de définir la notion
de rotule haute et de rotule basse a partir des
données de ce nouvel index ce que ne permet-
tait ni la méthode de Blumensaat, ni celle d’In-
sall et Salvati qui n’avaient pas encore défini de
hauteurs seuils.

Selon cet index (fig. 2) la hauteur rotulienne
¢tait pour moi normale si la distance PT (pointe
de la rotule bord antéro-supérieur du tibia) était
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Jacques CATON
Interne Médaille d'0r des Hbopitaux de Lyon

LES RUPTURES DU SYSTEME EXTENSEUR
DU GENOU

{ Fractures de la rotule exceptées)
i propos de 130 observations

Travail de la Clinique de Chirurgie Orthopédique et Traumatologique de Lyon
Professeur A. TRILLAT

du Service d"Orthopédie Traumatologie d'urgence de Lyon
Professeur Agrégé H. DETOUR

du Service d'Orthopédie Traumatologie de Saint-Etienne
Professeur Agrégé G. BOUSQUET

Fig. 1 : Couverture thése J. Caton Lyon 1977.
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Gérard DESCHAMPS

frierne des Mipitsuw de Lyon

LES ROTULES BASSES

ETUDE ETIOPATHOGENIQUE-CLINIQUE
ET PROPOSITIONS THERAPEUTIQUES

A PROPOS DE 131 OBSERVATIONS

Travail de la Clinique de Chirurgie Crthopédigque
et de Traumatologie

Professeur H. DEJOUR
Docteur J.L. LERAT

Fig. 3 : Couverture thése G. Deschamps, Lyon 1981.
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LP

FT

Fig. 2 : Index de Caton (1 génération) extrait de sa
thése sur les ruptures du systéme extenseur du
genou, Lyon 1981.

¢égale a la moitié de la longueur rotulienne LP,
la rotule étant haute si PT/LP était > ou égale a
1 et basse si PT/LP était < ou égale a 0,3 [8].

Pour la premiére fois nous pouvions quantifier
ces données et les corrections afférentes pour
mettre la rotule & un niveau normal apres une
rotule haute ou basse.

Ma these passée en mai et mon travail fini je
vois publier dans le JBIS(B) de juin la méthode
de Blackburne et Peel [3] assez similaire a celle
que je venais de décrire dans ma these avec,
comme référence, le plateau tibial. Blackburne
et Peel éliminaient également la pointe rotu-
lienne, facteur possible d’erreur lorsqu’elle
¢tait pathologique. Dans le service nous nous
intéressions aussi a ce probléme et ainsi lors-
que je fus chargé de diriger la thése de Gérard
Deschamps [13] sur les rotules basses (Patella
Infera) nous nous accordions pour étre encore
plus précis dans I’index que j’avais défini en
¢liminant la pointe rotulienne que nous appe-
lions le “nez rotulien”, définissant ainsi un nou-
veau rapport plus articulaire de la rotule ; le
point P était transformé en point A (bord infé-
rieur de la surface articulaire) conservation du
point T et un rapport AT/AP égal a 1. La rotule

étant basse a partir d’un index inférieur ou égal
a 0,8 et haute si ce rapport était supérieur ou
égal a 1 (fig. 4).

Ainsi est né I’index de Caton et Deschamps
utilisé maintenant par une grande majorité de
chirurgiens orthopédistes adultes ou enfants
[21] dans le monde entier depuis plus de
trente ans.

Fig. 4 : Méthode de Caton et Deschamps.

ETUDE CRITIQUE DE LA
MESURE DE LA HAUTEUR
DE LA ROTULE

La premiere méthode utilisée a été la méthode
de Jansen (1929). Il s’agissait d’'une méthode
clinique, la pointe de la rotule devant se trouver
a un travers de doigt au-dessus de I’interligne
du genou de face. La premiére méthode chif-
frée a été la méthode de Boon-Itt (1930) [5].
Cette méthode trop complexe n’a malheureuse-
ment jamais été appliquée. Ces méthodes peu-
vent se décliner en méthodes ayant comme re-
pere la trochlée fémorale (méthodes de
Blumensaat — Laurin [7] — Bernageau [1] et en
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méthodes ayant comme repére 1’extrémité su-
périeure du tibia (méthodes d’Insall & Salvati
[15] — Blackburne & Peel [3] — De Carvalho
[12] — Caton & Deschamps). Il existe par
ailleurs des méthodes mixtes.

Méthode ayant comme repére la
trochlée fémorale

a) La méthode la plus utilisée jusque dans les

b)

o

d)

années 70 a été la méthode de Blumensaat
[4] décrite en 1933. Pour Blumensaat, la
pointe de la rotule devait affleurer la ligne
intercondylo-trochléenne a 30° de flexion
sur une radiographie du genou de profil.
Cette méthode reste relativement imprécise
car la ligne intercondylo-trochléenne peut
varier. En effet, ’angle de Brattstrom [6]
déterminé par 1’axe du fémur de profil et la
ligne intercondylo-trochléenne (angle U)
peut varier de 27 a 60°.

En 1977, C.A. Laurin [17] a décrit une mé-
thode de mesure de hauteur de la rotule avec
également, comme repere, le fémur.
Néanmoins, cette méthode qui nécessite
une radiographie du genou de profil a 90°
de flexion a peu de valeur sur le plan théra-
peutique.

La méthode de J. Bernageau [1] est une mé-
thode qui permet de faire une analyse sé-
miologique tout a fait intéressante des rap-
ports de la rotule avec la trochlée. Cette
méthode décrite en 1984 précisait que la ro-
tule était haute lorsque le bord inférieur de
la surface articulaire de la rotule était plus
haut que le bord supérieur de la trochlée de
plus de 6 mm et que la rotule était basse
lorsque ce point R est plus bas que la tro-
chlée, plus 6 mm. Cette méthode, tout a fait
informative sur le plan clinique, est difficile
a utiliser sur le plan thérapeutique, notam-
ment dans le traitement chirurgical des rotu-
les hautes et des rotules basses et par ailleurs
s’avere difficile, voire impossible, dans le
cas de dysplasies trochléennes sévéres.

Enfin, la récente méthode de Biedert et
Albrecht (2006) [2].

Meéthode ayant comme repére le tibia

a) Méthode d’Insall & Savati [15]. Cette mé-

thode écrite en 1971 établit un rapport entre
la longueur de la rotule dans sa plus grande
diagonale et la longueur du tendon rotulien
(LP/LT). Cette méthode nécessite un profil
strict du genou a 30° de flexion, une bonne
visualisation de la tubérosité tibiale anté-
rieure. Elle est donc peu utilisable lorsqu’il
y a eu un traitement chirurgical au niveau de
Pextrémité supérieure du tibia. Cette mé-
thode a été modifiée par Gresalmer [14] en
1992 de fagon a ¢liminer les problémes se-
condaires a des modifications de la pointe
de la rotule.

b) Méthode de Caton (cf. historique). Cette

méthode a été décrite en 1977 [8] et a été
modifiée en 1981 (technique de Caton &
Deschamps [9-10-13]) (fig. 4) de fagon a
¢liminer les artefacts secondaires a la pointe
de la rotule.

Le rapport AT/AP (AP = longueur articulai-
re de la rotule et AT = distance entre le bord
inférieur de la surface articulaire de la rotule
et le bord antéro-supérieur du tibia est nor-
malement égal a 1 et est identique chez
I’homme et chez la femme). AT/AP= 0,96 +
0,134 chez I’homme et 0,99 + 0,129 chez la
femme.

On parle de rotule haute lorsque le rapport
AT/AP (index de Caton & Deschamps) est
supérieur ou égal a 1,2 et de rotule basse
(patella infera ou patella “baja”) lorsque le
rapport AT/AP est inférieur ou égal a 0,8, un
rapport inférieur ou égal a 0,6 étant le seuil
que nous admettons pour une correction
chirurgicale.

¢) Blackburne & Peel [3]. Méthode décrite en

1977. Cette méthode fait le rapport entre la
distance du bord inférieur de la rotule et la
prolongation de la droite déterminée par les
plateaux tibiaux. Cette méthode nécessite
une radio du genou de profil strict en flexion
a 30°. Par ailleurs, cette distance peut varier
outre le degré de flexion du genou, du fait
de la variation anatomique de 1’inclinaison
des plateaux tibiaux (pente).
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d) Méthode de Linclau 1984 [19] et de de
Carvalho [12] en 1985. Ces méthodes sont
strictement identiques a la méthode décrite
par J. Caton et G. Deschamps.

Méthodes mixtes

a) Méthode de Picard et de Saragaglia en
1997 [20]. Cette méthode tient compte a la
fois du bord supérieur de la trochlée et du
bord inférieur du plateau tibial.

b) Méthode de Leung et Wai. (1996) 10 (Chine)
[18].

¢) Méthode de Koshino et Sugimoto 1989 uni-
quement chez I’enfant (IPO) Japon [16].

d) Méthode de Chareancholvanich et Narkbun-
nam (2012) lo Thailande [11], évaluée en
extension compléte ou en flexion, ce qui
pour nous fausse la mesure de hauteur, car
le systeme extenseur est détendu a 0 %.

CONCLUSION

Une bonne méthode de mesure de la rotule doit
toujours étre fiable. Elle doit étre indépendante
de la qualité des radiographies, indépendante
du degré de flexion du genou entre 10 et 80°,

indépendante de la taille du genou et de I’agran-
dissement radio, ce qui est possible lorsque
cette méthode est basée sur un rapport. Enfin,
elle doit étre indépendante de la tubérosité ti-
biale antérieure, de ses modifications et des
modifications rotuliennes et indépendantes de
I’age des sujets. Elle doit étre possible a la fois
chez les adultes et les enfants, a partir du mo-
ment ou la rotule est visible et doit permettre de
programmer chirurgicalement une modifica-
tion précise de la hauteur rotulienne en cas
d’anomalie de hauteur (fig. 5-6-7).

La méthode que nous avons décrite (J. Caton et
G. Deschamps) (fig. 4) nous semble répondre a
tous ces critéres.

Elle a d’ailleurs été considérée également com-
me la meilleure méthode chez I’enfant par
Camille Thevenin-Lemoine et al. [21].
Cependant bien qu’elle soit universelle, adulte
et enfant, pour le chirurgien il faut adapter cette
mesure pour les prothéses totales du genou du
fait de la perte du repere tibial. Pour cela, en
cas de prothése totale, nous utilisons notre mé-
thode classique pour 1’évaluation de la hauteur
rotulienne en préopératoire et une méthode
comparative modifiée avec détermination d’un
nouveau point T en pré- et post-op afin de sa-
voir si nous avons changé la hauteur rotulienne
apres I’intervention. Ce nouveau point T doit
étre déterminé a partir d’éléments fixes non
modifiés par I’acte, a savoir la téte du péroné et
I’axe tibial (fig. 8).
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A VALUABLE RATIO FOR PATELLAR
VERTICAL HEIGHT

THE CATON — DESCHAMPS INDEX

INTRODUCTION

Since 1977 after our medical thesis in Lyon
about tears of the knee extensors (patella frac-
tures excluded) we have been using our assess-
ment index modified in 1981 after the medical
thesis of Gerard Deschamps about patella in-
fera and known as Caton - Deschamps index.

OUR INDEX

The method (fig. 4) consists of plotting the dis-
tance between the inferior edge of the patellar
joint surface and the antero-superior angle of
the tibia on sagittal X-rays (AT) and the joint
length of the patella (AP).

The value ratio AT/AP is normally equal to 1
(0.96 £ 0.134 for men and 0.99 + 0.129 for wo-
men). When the ratio is equal or superior to 1.2

it is defined as patella alta and when the ratio is
less than or equal to 0.8 it is a patella infera but
we do operation for patella infera when the CD
ratio is inferior or equal to 0.6.

CONCLUSION

In our opinion the most accurate diagnosis
method for patellar height variations or patel-
lar instabilities is the Caton-Deschamps index
because this ratio relies on readily identifiable
and reproducible anatomical landmarks and is
possible regardless of the quality of the
X-rays, knee size, radiological enlargement or
position of the tibial tubercle or patellar modi-
fication and knee flexion between 10° and 80°/
used to adults and children and its calculation
quantified the necessary surgical correction of
patella alta or patella infera.
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MEDIAL TRANSFER OF THE
ANTERIOR TIBIAL TUBEROSITY
HISTORICAL CONSIDERATIONS

P. NEYRET, R.A. MAGNUSSEN, E. SERVIEN,
S. LUSTIG, G. DEMEY, V.B. DUTHON

INTRODUCTION

In the Lyon school after the “6° Journées
Lyonnaises de Chirurgie du Genou” entitled
“Pathologie Fémoro-Patellaire”, hold in Lyon
under the direction of H. Dejour and G. Walch,
we considered two periods.

BEFORE 1987

In the past, many surgical techniques were
proposed to manage patellofemoral disorders
as patellectomy, Maquet, patellectomie+
Magquet, Hauser, Goldwaith. At this time,
simple biomechanical theory including the
force Fq was used to understand patellar
dislocation and clinical evaluation of the lateral
implantation of the ATT was very limited (Q
angle, baionnette sign).

The Roux Elmslie Trillat period

In order to correct the lateral implantation of
the ATT, a medialisation of the ATT was
proposed. In 1959, the first results of the
medialisation of the ATT were reported in the
Jaqueline Ledeuil thesis (A. Trillat department).
The history of the publications of the Elmslie
technique is really special. According to an

original letter written by A. Trillat himself and
given by G Gacon. So “quae sunt Caesaris,
Caesari”!

A. Trillat wrote :
“Dear Friend,

Cesar Roux has published in 1888 in the
“Revue de chirurgie” the original technique
that did not change a lot. It’s a part of the
tendon, keeping the insertion of the patellar
tendon on the tibial tuberosity and then transfer
medially. Very different from the Hauser’s
technique.

On 1944 visiting London I met Jim Seddon, a
pupil of Elmslie, who explained me what
Elmslie was doing in order to realign the
extensor mechanism. This author had never
published anything about it. At this time, [ was
not aware Roux s publication and when I came
back to France, [ named this technique the
“Elmslie’s technique” and this terminology
was spread out very quickly.

Fifteen years later, 1 finally discovered the
Rouxs publication (100% identical to the
Elmslie technique). [ imagine that Elmslie also
found this publication. He had never referred
to him due to the fact, I suspect, that Elmslie
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thought it was his original idea from his point
of view. But when he realized that Roux had
published it in a review, at this time inter-
nationally well known, he just decided to
continue to perform this procedure and not to
publish it.

Anyway it was a very shirt series.

To summarize:

- 1882 Roux: only one case performed on a
13 years old girl followed-up for 3 months,

- Elmslie discovered perhaps later on the
publication. Few cases,

- Only known by Seddon and me,

- Wrong Christening of the operation,

- Fast dissemination due to publications and
“Journées du Genou”,

- Wrong knowledge of the origin,

- No possibility to change the Christening
name,

- No interest to add my name.

Thats all I can say

1 wish you a happy new year:

A Trillat”

The technique of the Elmslie-Trillat

The technique of Elmslie-Trillat is precise and
every detail must be respected. It includes:
* Vertical paramedial approach
* Osteotomy :
- 2 cuts: the first (medial) is vertical and the
second (lateral) is horizontal,
- length of the piece of bone detached:
6-8cm,
- deep enough to include also cancellous
bone,
- the base of the osteotomy is bent (osteo-
clasy).
* Fixation: 1 oblique 4.5mm AO screw

In distal transfer of the ATT, the ATT is totally

detached. The fixation is ensured by 2 horizontal
4.5mm AO screws.

AFTER 1987

In our school, the “modern” period started with
the “Journées Lyonnaises de Chirurgie du

Genou” in 1987, where a strict difference was
established between patients who had had one
or several patellar dislocations, and the group of
patients who complained anterior knee pain
without morphological factors of patellar
instability. In this last group, after 1987, there is
no indication anymore for a medial transfer of
the ATT. Three theses were published at this
period by A. Mironneau, C. Levigne and G. Py.

At this period, Bernageau and Goutallier
defined the TT-TG (Tibial Tubercule -
Trochlear Groove distance) that measured the
lateral implantation of the ATT and external
femorotibial rotation of the knee. The Lyon
group validated the normal value (16mm+4mm)
of the TT-TG, knee in extension. Then a medial
transfer of the ATT was recommended in
episodic patellar dislocation patient with a TT-
TG superior to 20mm. An individualized
management of patellofemoral instabily was
proposed and the “menu a la carte” was defined.
We treated the patients according this algorythm
after 1987.

Elvire Servien reported the results of the ATT
transfert in 2003 considering a group of
130 patients (174 knees, operated between
1988 and 1999). The follow-up was 2 to
13 years. The subjective IKDC score was 77.2
(range 45.9-95.4). 94% of the patients were
very satisfied or satisfied. The post-operative
recurrent dislocation rate was 4.5%.

In this series, distalization of the ATT was

performed in patients with relatively normal

TT-TG. E. Servien found that pure distalization

of the tibial tubercle resulted also in some

medialization of the patella (4mm average).

The conclusions were that:

» Medialization and distalization was indicated
in patients with significant patella alta and
lateralized tibial tubercle (high TT-TG).

* Medialization was primarily indicated for
patients with tibial tubercle lateralization.
Someauthorsreportthatisolated medialization
results in patellar tendon shortening as well
(perhaps due to scar tissue formation). We
haven’t noted shortening of the patellar
tendon in our center provided post-operative
mobilization begins immediately.
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A second study performed in the A. Trillat
center showed that the measurement of the TT-
TG after an osteotomy of the ATT is not simple.
“Is TT-TG reliable after medialization of the
ATT?”

Since 1987, osteotomy of the ATT is proposed

in many others surgical situations:

- in the management of patello-femoral osteo-
arthritis (G. Py thesis and more recent results
were reported by Ferran Montserrat),

- in the approach of the lateral compartment
during lateral unicompartimental knee arthro-
plasty,

- inthe approach of some total knee arthroplasty
(patella infera, stiftknee...),

- in some revision of total knee arthroplasty .

CONCLUSIONS

If in the past, osteotomy of the ATT was almost
always performed to treat episodic patellar
instability. Nowadays, the proximal gestures
seem to become more and more frequent.
Nevertheless in some indications when
morphological abnormalities are obvious, we
continue to perform an ATT osteotomy
according to the indications defined in 1987
and the technique described by “Elmslie-
Trillat... Roux”.

The authors have no potential conflict of
interest in this presentation.
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HOW THE ELMSLIE-TRILLAT
PROCEDURE HAS BEEN USED
IN EUROPE OR US?

A. WYMENGA

The Elmslie-Trillat procedure is a tuberosity
medialisation leaving the distal part of the
tubercle attached on a periostial hinge and was
reported by Trillat in 1964 (ref) Trillat credited
the English orthopedic surgeon Elmslie for the
technique who never published his technique
himself (fig. 1).

A medial realignment of the extensor mecha-
nism was first reported by Cesar Roux in 1888

(ref) (fig. 2).

Fig. 1: Roux procedure

Fig. 2: EImslie-Trillat procedure

It was not until 1938 when Hauser reported
about 4 succesful cases of medial transfer the
interest was renewed in distal procedures (ref.)

(fig. 3).

Hauser his technique involved a transfer of the
tibial tuberosity distal and medial. This caused
as a consequence of the proximal tibia geometry
also a transfer in dorsal direction. In addition to
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the transfer a lateral release and medial plication
was performed. Although the early results were
encouraging later long term reports indicated
and accelerated osteoarthritis caused by the
increased contact pressures on the patello-
femoral joint (fig. 4).
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Fig. 3: Hauser procedure
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Fig. 4: Biomechanical effect Hauser procedure

After the publications of Trillat the Lyon school
further developed the analysis of the
pathophysiology of patellofemoral instability
and pain. Subsequently scientific papers were
reported in the English speaking arena. An
important publication was the paper by Dejour
in 1994 in KSSTA 1994 summarizing the
complete concept of quadriceps dysplasia,

patella alta, the trochlea dysplasia and the
pathological lateralisation of the tuberosity as
the four cornerstones that play a role in
objective  patellofemoral instability and
potential patellofemoral instability (ref). The
current medial soft tissue repair of the MPFL
was not included in the concept but a reefing
was suggested with more than 20 degrees tilt as
measured on CT scans.

APPROACHES IN EUROPE
AND US IN TIME

In Europe the Hauser procedure was frequently
performed but subsequently abandoned due to
the increased patellofemoral arthritis osteo-
arthritis. This observation kept many surgeons
from using the modified Trillat operation which
does not increase the patellofemoral pressure
as opposed to the Hauser technique.

Hampson et al. (ref) reported arthrosis caused
by the posteriorisation after the Hauser
procedure. Arnbjornsson et al reported in 1992
in the JBJS a high percentage of arthrosis in
conservative and operatively treated patello-
femoral instability. It also became clear that the
tuberosity transfers done for undefined pain
without a lateral tuberosity position had poor
results due to overmedialisation and creating
medial patellofemoral arthritis (Crelsamer).

Another problem was the limited successes of
the soft tissue procedures available at that time
such as the Galeazzi procedure (semitendinosus
tenodesis) and the Krogius plasty (medial
reefing with lateral release) and Green plasty
and later the lateral release epidemic.

Despite the hesitations to operate on the
patellofemoral jointdue to lack of understanding
of the pathology and the less favourable
outcomes a number of papers reported on the
Trillat operation. On average they found around
80% good results in terms of pain and stability
after the procedure.

Trillat (1974) reported 78% good/excellent
results and 92% improved. Morshuis and
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Pavlov (1990) reported 84% good results
declining to 70% after 30 months with an
anteromedialisation of the tuberosity with a
correlation with the cartilage status. Conti et al.
(1992) found 87% good subjective results after
the ET procedure. Aglietti ef al. (1994) reported
good results with tuberosity transfer with and
without soft tissue correction. Koskinen found
better results after an ET procedure compared
to a Roux-Goldwaith (1998). Kruger et al.
(1999) found 70% good results after the ET
procedure.

Kumar et al. (2000) reported 61% good results
with better outcome for instability patients.
Diks et al. (2003) found 85% good results with
CT guided tuberosity transfer, patients with an
objective lateral tracking patella had better pain
relief. Marcacci et al. (2004) reported about a
variant with a medial slip of the patellar tendon
tenodesed on the anteromedial side of the tibia
inadjunct to the normal ET procedure in cases
where a simple ET operation does not restore
patella tracking. Kataraglis et al. (2006) found
in the 73% good results in patients with anterior
knee pain or instability with better results for
the instability group. Koeter et al. (2007) found
the good results in a prospective study with a
self-aligning tuberosity technique in flexion of
the knee for correct positioning of the tuberosity.
The average pain reduction was 5 points on a
10 points pain score. Endres and Wilke (2011)
round excellent results in 16 of 18 patients after
10 years an reported no progressive arthritic
changes at follow-up interestingly.

The US approach around the tuberosity started
with Goldtwaith (1904) who developed a
technique with medialisation of a lateral slip of
the patellar tendon sutured to the medial capsule
but this technique became not very popular.
Later a lot of enthusiasm for the Hauser
operation came up but MacNab et al reported in
1954 arthritic changes after this procedure.

Hughston (1979) reported about his subtle
tuberosity medialisation similar to the Elmslie-
Trillat of around 5mm in combination with a
medial soft tissue procedure and found over a
25 year period 70% good results. Brown in
1984 81% good results with an average of

10 mm medialisation at 42 months of follow-
up, they found a correlation with the g-angle
and undercorrection resulted in less good
results. Fulkerson in 1983 reported a variant of
the ET procedure with an anteromedialisation
of the tuberosity with an oblique osteotomy
simulating the effects of both the ET procedure
and the Maquet operation with ventralisation
of the patellar tendon.

Despite these developments the proximal
realignment remained relatively more popular
in the US. Later in 1994 Shelbourne reported
the ET procedure being effective in treating
patella instability and maltracking by reducing
the abnormal patellar congruence angle.

Crosby and Insall in 1976 also reported arthritic
changes after tuberosity transfer and found 20%
recurrent instability and the arthritic changes
were not seen after soft tissue procedures.
Carney et al. (2005) reported a 26 year follow-
up after ET procedures and found 7% recurrent
dislocation rate and a decline from 73% good
results after 3 years to 54% good results after
26 years. Barber et al. (2008) found a 91%
succesrate in eliminating instability and a
satisfaction rate of 8 out of 10 points after an
average of § years follow-up.

Cosgarea et al. (1999) found in biomechanical
analysis failure to fracture at a lower load in the
Fulkerson osteotomy techniques and recom-
mend protected weight bearing after surgery.
Ramappa ez al. (2006) found in lab tests similar
effects of both techniques on correction of
abnormal patella tracking and pressures but the
medialisation was more effective in reducing
lateral facet pressures.

In recent review paper from Amis (2007) the
strong biomechanical effect of the ET procedure
has well been described and the operation should
be performed with care not to overmedialise
since this can easily cause too high medial
pressures. However the medial soft tissues also
play in concert with the lateral side an important
role in guiding the patella in the trochlea in
combination with the muscles. Future
development of a comprehensive approach to
analyse all the pathology of the patellofemoral
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joint and develop an evidence based treatment
algorithm will further refine the treatment of
patellofemoral instability and maltracking.

The Lyon Knee School has been of major
importance in the development of diagnostics

and treatment approaches for patellofemoral
pathology. And it is without any doubt that the
“good old” and biomechanical powerfull ET
procedure as described by Albert Trillat will
keep its central place in the tools for the surgeon
to treat patellofemoral pathology.
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PATELLAR TENDON TENODESIS
FOR THE TREATMENT
OF PATELLA ALTA

R.A. MAGNUSSEN, C. MAYER, E. SERVIEN,
G. DEMEY, M. JACOBI, S. LUSTIG, P. NEYRET

INTRODUCTION

Numerous anatomic factors have been shown
to contribute to episodic patellar dislocation
(EPD), including injury to the medial patello-
femoral ligament (MPFL) [8] trochlear
dysplasia [4, 5] increased tibial tubercle-
trochlear groove (TT-TG) distance [ 7], abnormal
patellar tilt, and patella alta [6, 16, 19, 25].
Traditionally an under-appreciated contributor
to patellar instability, patella alta has been noted
to be present in 24% of patients with EPD but in
only 3% of normal controls [5]. Further, patella
alta has been shown to be a risk factor for
recurrent instability in patients with EPD
following conservative treatment [13] or
isolated MPFL reconstruction [23].

The reason for the association between patella
alta and EPD is not entirely clear and is likely
multifactorial. Patella alta has been shown to
cause decreased contact between the patella
and trochlea [14, 21, 24] contributing to
decreased resistance to lateral translation of the
patella in these patients [20, 25]. It has also
been suggested that increased patellar tendon
length itself is the culprit, with increased length
allowing a pathologic increase in coronal plane
motion of the patella [16].

One study identified increased patellar tendon
length (greater than 52mm) rather than a “too
proximal” position of the tibial tubercle in

patients with patella alta and EPD [16]. It may
thus be desirable to address the length of the
patellar tendon itself rather than simply altering
its insertion site through tibial tubercle distaliza-
tion. One potential method for shortening an
abnormally long patellar tendon is to distalize
the tibial tubercle and tenodese the distal
portion of the patellar tendon into the original
location of the tibial tubercle. We have
described good results of this technique in a
recently published case series [15]. The goal of
this presentation is to explore indications and
technique for patellar tendon tenodesis and
review available outcomes data.

INDICATIONS FOR
PATELLAR TENDON
TENODESIS

It must be stressed that patellar tendon
tenodesis associated with a distalization of the
tibial tubercle is indicated in only a small
fraction of patients treated for EPD. Patients
undergoing evaluation for EPD should undergo
a careful assessment of their anatomy and all
predisposing factors for patellar dislocation as
has been described in detail by H. Dejour et al.
[5]. Those with significant patella alta (defined
by a Caton-Deschamps index [1] greater than
1.2) should be considered for tibial tubercle
distalization.
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Blackburne-Peel

Caton-Deschamps

Fig. 1: Schematic drawing
of the method of calculation
of the Caton-Deschamps
index (A), the Blackburne-
Peel index (B), and the
Insall-Salvati ratio (C). With
each method, the value is
calculated by dividing the
distance marked as “y” on
the figure by the distance
marked as “x”.

Insall-Salvati

Among the population of patients with patella
alta, one encounters a wide variety of patellar
tendon lengths. Previous work has defined an
abnormally long patellar tendon as greater than
52mm in length. We consider a patellar tendon
longer than 52mm in association with patellar
alta in a patient with EPD to be an indication
for combined tibial tubercle distalization and
patellar tendon tenodesis.

It should be noted that while the Caton-
Deschamps index1 is an effective measure of
patellar height, the Insall-Salvati ratio [11] is a
more direct measure of the relative length of
the patellar tendon (fig. 1). Further work may
result in criteria for the performance of
combined tibial tubercle distalization and
patellar tendon tenodesis based on information
obtained from both of these indices, but such
data are currently unavailable.

CASE SERIES OF PATIENTS
TREATED FOR PATELLA
ALTA AND ELONGATED
PATELLAR TENDON

Patients

Between 1996 to 2004, 134 patients underwent
surgery for EPD at our center. Twenty-five of
these patients were treated with distalization of
the tibial tubercle in association with tenodesis
of the patellar tendon into the proximal tibia by
an original technique developed by Philippe

Neyretand described at the Journées Lyonnaises
de Chirurgie du Genou in 2002 [22]. The
patients included 9 males and 16 females (6 of
whom underwent bilateral treatment). Complete
radiographic assessment and clinical follow-up
of at least five years were available for 27 of 31
knees (87%). The average age at surgery was
20.4 years (range 14 to 30 years). All patients
were skeletally mature at the time of surgery
and none had undergone previous surgery on
the index knee. All had a history of at least one
patellar dislocation, symptoms of recurrent
instability (either recurrent dislocation or
subjective feelings of instability limiting
function), and a positive patellar apprehension
test. No patients in the series had severe
trochlear dysplasia or excessive patellar tilt.

Radiographic evaluation included weight-
bearing anteroposterior and lateral views of the
knee and an axial view of the patella with the
knee in 30 degrees of flexion. The height of the
patella was quantified by measurement of both
the Caton-Deschamps index1 and the Insall-
Salvati ratio [11]. Additionally, all patients
underwent a CT scan for measurement of the
tibial tubercle-trochlear groove (TT-TG)
distance. A patellar tendon tenodesis was
performed in association with a tibial tubercle
distalization in all patients with patellar alta
and a tendon length greater than 52mm as
described above. In addition to the distalization,
the tibial tuberosity was also medialized in
patients with a TT-TG greater than 20mm [5].
No other associated procedures were performed
on patients in this series.
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Operative technique and
Rehabilitation

Surgery was performed in the supine position
with a tourniquet on the proximal thigh. The
procedure included a distalization of the tibial
tubercle followed by tenodesis of the patellar
tendon (fig. 2) [22]. A longitudinal incision was
created from the inferomedial patellar border
extending 6cm below the tibial tubercle,
allowing visualization of the medial and lateral
borders of the tendon and the tibial tubercle.
After creation of two 3.2mm drill holes for
fixation, the tibial tubercle was osteotomized as
a 6cm bone block approximately 8mm in
thickness. The bone block was then distalized
an average of 9mm (range 6-16mm) depending
on the degree of patellar alta that was present
with a goal of achieving a Caton-Deschamps
index of 1.0. Medialization was also performed
in 22 knees (81.5%) (mean medialization 7mm,
range: 2 to 11mm).

Prior to fixation of the bone block, two suture
anchors were placed near the top of the original
location of the tibial tubercle, approximately
3cm below the joint line (fig. 2A). The bone
block was then fixed in the distalized position
with two 4.5mm bicortical screws (fig. 2B).
The sutures from each anchor were then passed
through the tendon and tied, tenodesing the
patellar tendon into the proximal tibia (fig. 2C).
Anadvancement of the vastus medialis obliquus
(VMO) muscle was then performed [9, 10] and
the incision was then closed over a drain.

Weightbearing was allowed on the first
postoperative day with the use of an extension
brace. A supervised rehabilitation protocol was
initiated focusing on gradual restoration of
knee range of motion. Flexion was limited to
90 degrees for the first month following surgery,
after which unrestricted motion was allowed.
Strengthening began one month post-
operatively with a focus on the quadriceps and
VMO in particular. Biking was allowed from
two months post-operative and a return to
unrestricted activities including running was
expected 4 to 6 months following surgery.

QOutcome Assessment

Clinical examination at last follow-up included
a physical examination with assessment of
patellar  apprehension. Any subsequent
operations on the index knee or recurrent
patellar dislocations were documented. Knee
function was assessed with the IKDC subjective
knee evaluation [12]. Patient satisfaction with
the procedure was also assessed. Radiological
examination included assessment of patella
height by the Caton-Deschamps index and the
Insall-Salvati method. The length of the patellar
tendon was determined by measuring the
distance from the inferior tip of the patella to
the site of the patellar tendon tenodesis (metal
suture anchors) (fig. 3).

A

Fig. 2: Schematic drawing
of a patient with patella
alta and a long patellar
tendon (A) treated with
distalization of the tibial
tubercle (B) and patellar
tendon tenodesis (C).
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Fig. 3: Intra-operative photographs of treatment of patella alta and elongation of the patellar tendon with
tibial tubercle distalization and patellar tendon tenodesis. A: Prior to fixation of the tibial tubercle bone
block (TT), two suture anchors (arrows) are placed near the top of the original position of the tibial tubercle.
B: The tibial tubercle (TT) is the fixed in a distalized position. The sutures are visible behind the patellar
tendon (PT). C: The sutures are then passed through the tendon and tied (arrows), tenodesing the patellar
tendon (PT) proximal to the tibial tubercle (TT).

Fig. 4: Pre-operative (A) and post-operative (B)
lateral radiographs demonstrating distalization of
the tibial tubercle and tenodesis of the patellar
tendon. The distances used to calculate the Insall-
Salvati ratio (solid lines) and Caton-Deschamps
index (dashed lines) are shown on both films.

RESULTS

Mean follow-up was 9.6 years (range, 6 to
14 years). The mean length of the patellar
tendon changed from 56.3 + 2.7mm (range,
52.2 to 61.7mm) pre-operatively to 44.3
+ 8.6mm (range, 32.2 to 60.9mm) post-
operatively (p<0.0001). Significant changes in
patellar height were also noted between the
pre- and post-operative radiographs (Table 1).
No cases of patellar dislocation occurred post-
operatively. No radiographic evidence of
degenerative change was noted in the patello-
femoral or tibiofemoral compartments at
follow-up.

The mean post-operative subjective IKDC
score was 75.6£9.5 (range 55.2 to 98.9).

Table 1: Changes in Patellar Tendon Length and Patellar Height with Surgery

Pre-operative

Post-operative

Significance

Patellar Tendon Length (mm) 56.3 +2.7 44.3 + 8.6 p < 0.0001
Caton-Deschamps Index1 1.22 +0.17 0.95 +0.22 p < 0.0001
Insall-Salvati Ratio11 1.42 £0.17 0.91+0.18 p < 0.0001
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Patients reported they were very satisfied with
their knee in fifteen cases (55.5%), satisfied
with their knee in ten cases (37.0%), and
disappointed with their knee in two cases
(7.4%) at final follow-up. The patellar
apprehension test remained positive in nine
knees (33.3%).

OUTCOMES DATA

The case series above demonstrates that
technique of tibial tubercle distalization and
patellar tendon tenodesis outlined above results
in normalization of patellar tendon length and a
stable patellofemoral joint in patients with patella
alta and EPD. Long-term follow-up revealed
high patient satisfaction and knee function
according to the subjective IKDC score.

Numerous other authors have hypothesized
that addressing patella alta in patients with
EPD through distalization of the tibial tubercle
would stabilize the patella [2, 5]. A recent study
by Caton et al. described achieving perfect
patellar stability in 77% of patients treated with
distalization/medialization of the tibial tubercle,
but do not clearly define the criteria used for
this assessment [3]. Simmons et al. reported no
recurrent dislocations in a group of 15 patients

treated with tibial tubercle distalization [19].
Pritsch et al reported 6-year results of their
series of 63 knees treated for EPD with tibial
tubercle medialization in all cases and
distalization in 90% of cases [18]. They
reported good or very good Lysholm scores in
73% of patients, recurrent dislocation in one
patient, and recurrent patellar subluxation in 5
patients. The patellar apprehension test
remained positive in 15% of knees. Palmer et
al. reported 5.6-year outcomes of 59 knees
with patellar instability treated with tibial
tubercle medialization and distalization [17].
They noted two cases of recurrent dislocation
and 79% had good or excellent results. We are
aware of no other studies in which episodic
patellar instability was addressed through a
tenodesis of the patellar tendon.

CONCLUSION

Patellar tendon tenodesis results in normali-
zation of patellar tendon length and a stable
patellofemoral joint and good long-term knee
function when performed in association with
tibial tubercle distalization in appropriately
selected patients with EPD associated with
patella alta and an elongated patellar tendon.
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THE CLINICAL EXAMINATION
IN PATELLAR INSTABILITY

D.C. FITHIAN

INTRODUCTION

The patellofemoral joint (PFJ) is a unique
articulation with a complex architecture. Its
motion differs from that of most other joints in
that it is mostly comprised of sliding rather
than rolling. This places unique challenges on
the articular cartilage. The most common
disorders of the PFJ are thought to occur as a
result of alterations in the mechanics of this
joint, leading to cartilage overload or gross
instability.

Diagnosis of patellofemoral instability can be
difficult because patellar instability, patello-
femoral pain, meniscal and cruciate ligament
insufficiencies can produce a similar pre-
sentation of nonspecific pain and knee instability.
Thus, careful evaluation including history,
examination and imaging are helpful in making
the correct diagnosis. This chapter focuses on
the physical examination. A general approach is
taken for completeness of the examination; but
itmust be emphasized that only direct assessment
of patellar motion limits can document MPFL
insufficiency, which is necessary for a correct
diagnosis of patellar instability.

CLINICAL EVALUATION

Pertinent history

The knee extensor mechanism is a complicated
and delicate system, the treatment of which is
only further complicated by surgery if the
surgeon has not clearly defined the pathological
basis of the presenting complaint. The chief
complaint should guide the workup and the
discussion of treatment options; this will help
the physician to focus on the patient’s needs
and expectations. For example, the patient who
seeks help for relief of daily pain has a very
different problem than one complaining of
occasional sharp pain and giving-way. Although
pain itself can result in knee instability (a
symptom), it is important to differentiate
painful knee giving-way from episodic pain
due to excessive patellofemoral laxity. The
latter is due specifically to insufficient constraint
of mediolateral patellar motion. Pain and
catching in early flexion points to an articular
lesion at the inferior patella or proximal
trochlea; pain throughout the range indicates a
more diffuse, perhaps extra-articular process.
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As the clinician develops an understanding of
the symptoms and complaints, he or she can
begin to develop one or more hypotheses,
which can be tested in the physical examination
and with subsequent imaging studies. The
isolated complaint of pain, with no objective
findings to suggest a specific source (pathology)
representing an indication for surgery, should
be treated nonoperatively.

Physical examination

Due to the complex and delicate interactions
between the knee extensor system and lower
limb function, clinical evaluation of patello-
femoral complaints can be challenging. After
other disorders have been ruled out, specific
testing for disorders of the patellofemoral joint
can be performed. The patient should be
evaluated standing, walking, and stepping up
and down from a small step, squatting, sitting,
supine, running, and jumping. Observation of
the patient during a few functional activities
yields a great deal of information about patello-
femoral loading and neuromuscular condi-
tioning (fig. 1). Any hindfoot valgus, forefoot
pronation, and/or heel cord tightness should be
noted as they can affect tibial rotation and
patellofemoral alignment [1].

The prone position allows estimation of several
important variables, including quadriceps
tightness (important if correction of patella alta
is being considered), femoral internal and
external rotation limits, and foot-thigh angle
(FTA) and/or trans-maleolar axis (TMA)
(fig. 2). Femoral and tibial rotation can be
estimated by examining the patient prone with
the hips extended, the knees flexed 90°, and the
feet and ankles in a neutral, comfortable
position with the soles of the feet parallel to the
floor after the method of Staheli ez al. [2]. Kozic
et [3] showed that on physical examination,
femoral anteversion should be suspected if
prone hip internal rotation exceeds external
rotation by at least 45 degrees. With respect to
estimating FTA and TMA, Staheli reported a
wide range of normal values, with mean values
of 10° for FTA and 20° for TMA [2]. Souza and
Powers also confirmed the reliability of the

Fig. 1: The step-down test is a simple test that can be
done in the clinic to evaluate core and hip control.
This patient demonstrates pelvic weakness with hip
adduction and medial collapse of the knee. It is
apparent that her weakness results in a variety of
functional alignment abnormalities, including: (1)
contralateral pelvic drop, (2) right femoral internal
rotation, (3) right knee valgus, (4) right tibia internal
rotation, and (5) right foot pronation.

Staheli method for estimating femoral
anteversion, though axial imaging was more
precise [4]. Our preferred approach is to use the
prone physical examination to screen for torsion
of the tibia and femur, and to obtain CT scan to
assess rotational alignment if hip IR exceeds
ER by at least 20 degrees or if the prone foot-
thigh axis or TMA is greater than 20 degrees.

The lines of action of the quadriceps and the
patellar tendon are not collinear. The angular
difference between the two is the quadriceps
angle, or “Q-angle”. Because of this angle, the
force generated by the quadriceps serves to
both extend the knee and to drive the patella
laterally, compressing the femoral trochlea in
order to convert tension in the quadriceps into
extension torque at the knee. The relative
magnitude of the laterally directed force is
related to the Q-angle. External rotation of the
tibia, internal rotation of the femur, and
increasing knee valgus all cause an increase in
the Q-angle and thus an increase in the laterally
directed force within the PFJ (fig. 3) [1].
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Fig. 2: The prone examination allows assessment of femoral and tibia torsion as well as quadriceps
tightness. (A) evaluation of knee flexion with the hip in extended, which is a measure of quadriceps
flexibility; (B) assessment of tibial torsion; (C) hip external rotation and (D) hip internal rotation.

Fig. 3: (A) The Q angle is measured as the angle formed by the intersection of the line drawn from the
anterior superior iliac spine to the midpoint of the patella and a proximal extension of the line drawn from
the tibial tubercle to the midpoint of the patella. Normal alignment of the tibia and femur results in an
offset in the resultant quadriceps force vector (proximal) and the patellar tendon force vector (distal),
creating a lateral vector acting on the patella; (B) tibia internal rotation decreases the Q angle and the
magnitude of the lateral vector acting on the patella; (C) femoral internal rotation increases the Q angle
and the lateral force acting on the patella; (D) knee valgus increases the Q angle and the lateral force
acting on the patella. JOSPT grant to use Figure 1 from Powers CM. The influence of altered lower-
extremity kinematics on patellofemoral joint dysfunction: a theoretical perspective. J Orthop Sports Phys
Ther 2003;33(11):639-646.
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However, use of the Q-angle alone grossly
underestimates the complexity of patellofemoral
alignment and often leads to errors of diagnosis
and treatment. Furthermore, the Q-angle is
highly variable and unreliable as a measurement
[5, 6]. These considerations have led the
International Patellofemoral Study Group
(IPSG) to recommend abandonment of clinical
measurement of Q angle, preferring imaging
studies to estimate the lateralizing vector at the
PFJ. The preferred method is to use axial
imaging (CT or MRI) to assess this vector [7].

Careful palpation of both medial and lateral
retinaculum is helpful to localize tenderness.
Studies have shown that 90% of patients with
patellofemoral pain syndrome (PFPS) had pain
in some portion of the lateral retinaculum [8].
Palpation of the specific site of pain can help
guide further investigation of what mechanical
overload, if any, has occurred. The patella
should be displaced to the side undergoing
examination so that while fibers are being
palpated, they are also brought away from
underlying structures in order to avoid
confusion about the site of tenderness.

The term “patellar tracking” refers to the
change in position of the patella relative to the
femur during active knee flexion and extension.
While it is obviously important, no clinically
useful tracking measurement systems exist.
The J sign is a useful but non-specific sign of
patellofemoral pathology. It represents a patella
that does not seat immediately as the knee is
flexed, as well as the rotational torque between
the extensor hood (tendons, retinaculum and
patella) and the femur. But many factors can
contribute to abnormal tracking, such as
trochlear dysplasia, patella alta, and medial
retinacular laxity. Thus, the clinical usefulness
of abnormal tracking in the assessment of
alignment remains unclear because its
relationship to the loading characteristics of the
joint is not a simple one.

Normal tracking of the patella within the
trochlear groove has been described by
translation and tilt, both of which change with
knee flexion angle [9]. As the normal knee
begins to flex, the patella becomes engaged in

the trochlea, causing it to translate medially
approximately 4mm by 20 degrees of knee
flexion. With progressive flexion it then follows
the trochlear groove approximately 7mm
laterally by 90 degrees of knee flexion. While it
is translating laterally, it also tilts medially in a
progressive linear fashion about 7 degrees at 90
of flexion. Deep in flexion, it is more medially
tilted with the odd (far medial) facet articulating
with the medial trochlea. The patella flexes
with the knee at a rate of about 0.7 degrees per
degree of knee flexion [9].

Abnormal patellar tracking may be caused by
muscle weakness, soft tissues deficiencies,
abnormal joint geometry, or limb malalignment.
Early in flexion the medial retinaculum
(specifically the medial patellofemoral
ligament) provides much of the restraint to
lateral displacement of the patella. Its
contribution to patellar restraint decreases with
flexion from 50% at 0 degrees of flexion to
30% at 20 degrees knee flexion, as the patella
begins to engage the femoral trochlea. The
lowest force required to displace the patella
laterally occurs at 30 degrees of flexion. With
further flexion, the patella engages the trochlear
groove and trochlear geometry becomes the
primary constraint to mediolateral patellar
motion. In cadaver studies where the trochea
has been modified (flattened) to simulate a
dysplastic trochlea, the constraint of the patella
is reduced by 70% [10].

The diagnosis of episodic lateral patellar
dislocation and other conditions associated
with insufficient patellar constraint (e.g. medial
patellar instability following excessive lateral
release) requires documentation of excessive
laxity of the retinacular constraints. Comparison
to the opposite knee can be helpful, provided
that the complaint is unilateral [11]. Patellar
mobility is best assessed both at 0° and at 30° of
flexion (fig. 4). The checkrein often is easier to
recognize at 0° because in this position the
trochlea does not constrain the patella, so it is
easier to feel an “endpoint” as you displace the
patella laterally [12]. At 30° of flexion the
patella is seated in the trochlear groove and it is
easier to quantify the amount of mobility in
each direction [12]. Normal translation should
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Fig. 4: (A) At 30° of flexion the patella is seated in the trochlear groove and it is easier to quantify the
amount of mobility in each direction (medially and laterally) [11]. Normal translation should be symmetric
in each direction and not exceed 7-10mm with a 5-Ib load [11, 13]. (B) The checkrein, or endpoint of MPFL
laxity usually is easier to recognize at 0° because in this position the trochlea does not constrain the
patella, so it is easier to feel an “endpoint” as you displace the patella laterally [12]

be symmetric in each direction and not exceed
7-10mm with a 5-Ib load [11, 13]. Alternatively,
the patella can be divided into 4 quadrants and
the displacement can be recorded in quadrants.
Particularly in heavy patients, stress xrays may
be more useful for assessing patellar mobility
[14]. If patients are apprehensive as the patella
is moved, an exam or stress X-rays under
anesthesia can be very helpful to confirm
pathological laxity prior to proceeding with
surgical stabilization. Stabilization is never
indicated unless excess laxity has been
documented either in the clinic or under
anesthesia.

SUMMARY AND
CONCLUSION

The history and physical examination are key
to understanding a patient’s presenting
complaint, and for determining further workup

and treatment. This chapter focused on the
physical features of patients presenting with
complaints of knee pain and instability. It is
important to realize that meniscus tears,
cartilage flap tears and ligament insufficiencies
other than MPFL laxity sometimes result in a
patient being referred for treatment of patellar
instability. It is the responsibility of the
consultant to identify MPFL laxity prior to
embarking on any surgical treatment for
supposed patellar instability. At this time,
patellar instability can be documented only by
clinical examination or by stress radiography.
While several ancillary points of physical
examination are raised in this chapter, these
should not distract our focus from the primary
point of the chapter. Excessive laxity of patellar
constraints, principally of the MPFL, is the sine
qua non of patellar instability. No patient
should undergo patellar stabilization unless the
clinical workup has demonstrated deficient
constraint of medial or lateral patellar motion
with respect to the trochlear groove.
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CLINICAL EXAMINATION FOR
PATELLA INSTABILITY

C. FINK, PJ. ERASMUS
(Video Presentation)

Patient Standing

Alignment
e Neutral
e Varus
e Valgus

Patient Walking

Gait
e Kneecap position (squinting patella, etc)
e Tubercle position
e Foot progression angle
- Out toeing (>15°)
- Neutral
- In toeing
Patella height
- Normal
- High
- Low

Patella movement
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Patient sitting on
the side of the bed

Active knee extension and flexion
Lateral movement (Tanaka and Thawait)
® Proximal
- Neutral
- Lateral maltracking
- J-sign
- Diagonal movement
¢ Distal
- Subluxation in flexion
Medial movement (iatrogenic secondary to lateral release)
Extension against resistance from 90 degree flexion
to full extension.
e Crepitation positive or negative
- Negative
- Positive
(Note at what flexion angle it appears and disappears)
Patella stability at 30° knee flexion
Tibial torsion

Ankle movement

Patient lying flat

Knee range of movement
Patella
e Tenderness
- Epicondyle
- Medial patella border
e Stability test at 30° knee flexion
* Movement
- Side to side
- Tilt
Hip Rotation
¢ Hip in extension
¢ Hip in flexion

Patient on side

Patella and knee stability
e Patella Stability test at 30° knee flexion
® Possible antero lateral laxity (ACL)

Squatting from
standing to heel
sitting

Squating
* Pain
e Crepitations (Note at what flexion angle it appears and disappears)
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CLINICAL EXAMINATION OF
THE PATELLOFEMORAL JOINT

S. DONELL

INTRODUCTION

In the management of patients with patellar
instability the most important points are
obtained from the history. This will establish
the functional problems the patient is
experiencing, and the therapeutic measures
already tried. The patient’s attitude to an
operation should have been explored, as well
as key risk factors for recurrence, notably a
positive family history [1]. There are also
associated important problems, such as
hypermobility syndrome, which influence the
outcome. The association of anterior knee pain
with a poor operative result is crucial to
understand. The ideal patient is post-adolescent
with a normal body mass index, no
hypermobility, no previous operations, a
normal lower limb rotational profile, plays
regular sports, and only has intermittent
dislocations where, in between, they have a
normal functioning knee. They should ideally
live locally.

The purpose of the examination is to confirm
the diagnosis patellar instability, and to exclude
any important alternative diagnoses such as
anterior cruciate ligament rupture, medial
collateral ligament rupture, and inherited
collagen diseases such as Marfan’s and Ehlers-
Danlos syndromes.

EXAMINATION TESTS OF
THE PATELLOFEMORAL
JOINT

There are 17 reported tests for patellofemoral
joint [2]; many are well known.

Hypermobility

Hypermobility is measured using the Beighton
score, a nine-item score. In the United Kingdom
a self-help group, the Hypermobility Syndrome
Association (HMSA) has a useful website
[http://www.hypermobility.org/].

Gait pattern

Observing a patient walking may reveal
abnormal biomechanics, notably in the foot
with pronation and persistent heel valgus
during step-off. A leg length discrepancy may
also be seen.

Lower limb alignment evaluation

With the patient standing the overall profile of
the lower limb is noted looking for femoral
anteversion, varus or valgus alignment, and
tibial torsion.

O-angle
With the patient supine a line is drawn from the
anterior superior iliac spine to the centre of the
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patella. A second line is drawn from the centre
of'the patella to the tibial tubercle. The resultant
angle is the quadriceps (Q-) angle. Normal is
valgus 10° to 15° degrees in men and 15° to 20°
for women.

Quadriceps definition
The technique is not described but reduced

definition of the quadriceps may indicate
atrophy.

VMO capability

The patient sits on the edge of the examination
couch. The leg is actively extended and held at
45° flexion. A concavity on the medial aspect of
the distal thigh indicates vastus medialis
obliquus (VMO) atrophy.

Patellar glide test

The patient lies supine with the knee relaxed at
30° flexion. The patella is pushed medially and
laterally. It is divided into four quadrants and
displacement equal to three or more quadrants
indicates reduced patellar restraint.

Patellar apprehension test

With the patient supine and the knee relaxed at
30° flexion, the patella is pushed laterally. If the
patient exhibits anxiety and/or an involuntary
quadriceps contraction then this is a positive
apprehension test.

Modified apprehension test

With the patient supine and the knee relaxed at
30° flexion and in neutral rotation, the patella is
pushed in a distal and lateral direction at 45°
(towards the fibular head). This is said to isolate
the MPFL by relaxing the medial patellotibial
ligament. It is also said to reduce the effect of
the lateral trochlear flare by the distal
displacement.

Bassett’s sign

This is demonstrated when there is tenderness
on palpation of the adductor tubercle and
medial epicondyle. It indicates damage at the
origin of the MPFL.

Palpation medial retinaculum

Palpation of the medial retinaculum and medial
patellar border reveals a defect or tenderness at
the site of injury i.e. along the middle portion
of the MPFL to its insertion into the patella.

Gravity subluxation test

With the patient lying in lateral decubitus and
the affected leg uppermost, the patient relaxes
as the examiner abducts the leg. In patients
with medial subluxation the patella displaces
medially. If when the patient isometrically
contracts the quadriceps and the patella remains
medially displaced this indicates complete
disruption of the lateral retinaculum. If it
relocates, the lateral retinaculum is intact at the
level of the vastus lateralis muscle.

Patellar positioning

The patient initially lies supine and is re-tested
sitting. The knee is relaxed in full extension
and the tilt, height, and mediolateral displace-
ment of the patella observed whilst the knee
actively flexes to full flexion. Abnormal
positions of the patella are noted, including
patella alta and infera and excessive lateral tilt.

Patellar tilt test

With the patient supine and the knee relaxed at
20° flexion, the patella is held between thumb
and index finger and the medial side is pushed
down to elevate the lateral edge. Normal results
in an elevation of neutral to 20°, less than this is
associated with lateral retinacular tightness.

Quadriceps pull test

With the patient supine and the knee relaxed in
full extension the centre point of the patella is
marked and a line drawn to the tibial tubercle.
The patient performs an isometric quadriceps
contraction and its horizontal displacement
from the reference line is measured. Greater
than 15mm is abnormal and suggests imbalance
of the muscle forces.

Tibial tubercle to Trochlear Groove
(TTTG) Assessment

The patient lies semi-recumbent and the
midpoint between the pubic symphysis and the
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anterior superior iliac spine. With the knee at
90° callipers are placed across the epicondyles
and a piece of string passed from the proximal
reference point over the knee at the midpoint of
the callipers and continues in a straight line
down the tibia. The transverse distance between
the centre of the tibial tubercle and the string is
the TTTG.

J-sign

The patient sits on the edge of the couch with
the knee in full extension. They then actively
flex the knee fully. The examiner observes the
tracking of the patella. A positive J-sign occurs
when the patella moves from lateral to medial
in the first 20° of knee flexion.

Smith et al's [2] review suggested that patellar
instability can be confirmed with all of these
tests. However the sensitivity-specificity and
the reliability-validity of the test were open to
doubt. Surprisingly, despite the extent of the
literature on the Q-angle, and patellar medio-
lateral orientation and position, little of this
pertained to patellar instability populations. It
was concluded that, despite examination being
a cornerstone in diagnosis, the evidence for the
utility of these tests of patellar instability was
methodologically flawed and there was
insufficient evidence to support their use. As a
result a study was set up to address this.

INTRA- AND INTER-
OBSERVER RELIABILITY OF
PATELLAR INSTABILITY
TESTS [3]

Under the auspices of the International
Patellofemoral Study Group (IPSG), five
patients with known patellar instability were
recruited at the Norfolk & Norwich University
Hospital. They were all female with an average
age of 27 years (18 to 38 years) with a mean
duration of symptoms of 11 years (2 to 26 years)
and a mean body mass index of 22 (19 to 28).
Two had had previous patellar stabilisation
procedures, and all had bilateral symptoms.

Five experienced clinicians from the IPSG
were invited to take part in the study, which
was ethically approved. The clinicians were
instructed only to perform the tests that they
routinely used in their practices when evaluating
a patient with patellar instability. Each patient
was randomly allocated to a clinician who then
performed and recorded the results of the tests,
screened from the other examiners.

After a break, the clinicians then repeated the
tests with further randomisation to the patient
order.

Assessment of inter- and intra-observer
reliability was made using Kappa analysis by an
independent statistician. These were interpreted
as showing no agreement when <0.00, slight
agreement at 0.00 to 0.20, fair at 0.21 to 0.40,
moderate at 0.41 to 0.60, substantial at 0.61 to
0.80, and almost perfect at 0.81 to 1.00.

Results

The inter-observer agreement was very poor for
most of the tests. Fair-to-moderate agreement
was found for the J-sign, patellofemoral
crepitus, and assessment of foot arch position.
The inter-observer reliability was greatest for
more generic lower limb examinations (foot
arch position, patellofemoral crepitus, and pain
on palpation of the medial retinaculum) rather
than more specialist tests (Q-angle, gravity
subluxation test, and tubercle-sulcus angle).

Intra-observer reliability showed moderate-to-
substantial ~ agreement, particularly  for
alignment, and observational & palpation tests
(tibial torsion, Bassett’s sign, Q-angle
performed at 30 degrees flexion).

Discussion

Inter-observer reliability was best for more
general examination tests and qualitative
assessments better than quantitative i.e. tibial
torsion “abnormal” as against “n degrees”.
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Abnormal was therefore more useful than the
actual number of degrees. In fact quantitative
information can be gained from images, where
this is needed. Experienced clinicians showed
moderate consistency in their examination
findings despite the poor agreement between
them.

This means that examination tests cannot be
relied upon to give consistent and accurate
numerical data, and therefore cannot be used as
decision tools for surgical management of the
patient. Standardisation of the physical
examination, both the test chosen, and how it is
performed and recorded, is needed for research
studies and clinical management.

PERSONAL EXAMINATION
TESTS

My personal protocol when examining a patient

with a history of patellar instability does not

include the Q-angle as it does not add anything

[4]. The only measure that is likely to be

reliable, although we have not achieved

consensus on this is the mediolateral glide [5].

My personal examination protocol is:

1. Assess the Beighton score for hypermobility
before asking the patient to lie on the
couch.

2. Assess the rotational profile of the lower
limb with the patient supine and the knees
extended. The feet are raised noting the
relative leg lengths, and knee alignment (e.g.
recurvatum or valgus), then internally and
externally rotate the ankles to check femoral
version. Tibial torsion is noted by pointing
the patellae vertically and noting the foot
alignment with the ankle plantegrade.

3. Perform a stroke test to find a slight knee
effusion.

4. Ask the patient to push their knees
backwards and palpate the VMOs to check
their presence and power.

5. Palpate the medial border of the patella, the
medial retinaculum and adductor tubercle
and test for apprehension in extension. My
personal grading system for apprehension is

0 = none, + = apprehension after lateral
patellar displacement, ++ = apprehension at
the start of lateral displacement and +++ =
apprehension on moving the hand towards
the knee. Then assess the mediolateral glide
in extension, noting if there is any crepitus.

6. Note the active range of knee flexion. With
the knee in full flexion palpate the anterior
surface of the distal femur and note if there
is a normal groove or dysplasia.

7. Check the integrity of the ACL.

8. Sit the patient over the side of the bed and
note patella tracking with active extension
from 90° flexion. The range of abnormalities
is much greater than just the J-sign. A slight
J is normal, especially in the presence of
recurvatum. In some the maltracking may
be almost L-shaped, or with a visible clunk
at 20° to 30° flexion. There may be bayonet
tracking, dislocation in flexion, or permanent
lateral dislocation. The more severe the
more likely the patient has a significant
trochlear dysplasia.

9. Check core and gluteal muscle control. The
former is demonstrated by the patient lying
supine and flexing both knees to 90°. They
are then asked to lift their pelvis so that their
chest pelvis and knees are in a straight line.
They then fold their arms across their chest.
They are then asked to straighten each knee
keeping their pelvis lifted (normal side
first). With weak lumbar muscles the patient
is unable to sustain the elevation of the
pelvis.  Gluteal muscle control is
demonstrated by being balanced on each
leg, and then performing a unilateral squat.
With a weak gluteus maximus muscle the
femur internally rotates on squatting, often
precipitating the symptoms.

CONCLUSION

Examination of the patellofemoral joint in
patellar instability is undertaken to confirm the
diagnosis. The evidence base shows that there
is no reliable test that can be used to decide on
surgical management. The more severe the
grade of apprehension, the more likely an
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operation may benefit the patient. In the
majority [ perform a medial patellofemoral
ligament reconstruction, the question to answer
is do they need a trochleoplasty? On

examination the dysplasia may be palpated (if

the patient is not obese) and the severity is
associated with the type of maltracking noted.
Ultimately surgical management is decided by
quantitative measurements on images, and not
on the examination.

Fig. 1

Fig. 2
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Fig. 4

Fig. 5
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LUXATION DE ROTULE

EXAMEN ARTHROSCOPIQUE
EVALUATION AVANT ET APRES
STABILISATION

JM. FAYARD, M. THAUNAT,
B. SONNERY-COTTET, P. CHAMBAT

INTRODUCTION

L’arthroscopie, au cours de la chirurgie de sta-
bilisation rotulienne, présente un intérét indé-
niable : elle permet d’inspecter ’articulation
fémoro-patellaire, d’évaluer le statut cartilagi-
neux, d’analyser la position de la rotule (mé-
dio-latérale, proximo-distale). Par ailleurs,
I’arthroscopie permet une analyse dynamique
de la cinétique rotulienne avant et apres la réa-
lisation d’un geste de stabilisation.

INSTALLATION

L’intervention s’effectue classiquement en dé-
cubitus dorsal, le garrot étant placé le plus haut
possible sur la racine de la cuisse afin de géner
le moins possible la cinétique rotulienne.

Delaunay [8] souligne le fait que I’anesthésie
générale ou locorégionale parasite 1’analyse de
la cinétique fémoro-patellaire. Les travaux de
Johnson [9] semblent confirmer cette notion.
En effet, sur 11 genoux sains examings arthros-
copiquement sous anesthésie locale, lors de la
flexion active, le recentrage se fait autour de
20° de flexion. En revanche, lors de la flexion
passive, celui-ci s’effectue autour de 45°.

Par ailleurs, le remplissage articulaire modifie
la cinématique rotulienne. Selon Delaunay [7],
I’angle de flexion permettant d’obtenir une
congruence articulaire parfaite ou angle de
flexion de recentrage (AFR) est de 31° pour un
genou sans irrigation articulaire. Cet angle est
de 38° apres inflation articulaire.

VOIES D’ABORD

Les voies de choix pour 1’analyse de 1’articu-
lation fémoro-patellaire sont les voies arthros-
copiques hautes et en particulier la voie su-
péro-latérale. Elle permet une analyse de I’en-
semble des surfaces articulaires. En raison du
volume du cul-de-sac sous-quadricipital, la vi-
sion est aisée.

Les voies classiques antéro-médiale et antéro-
latérale gardent tout de méme une place.
Néanmoins, la vision peut s’avérer difficile des
que I’on veut analyser la cinétique en flexion
en raison du ligament adipeux infra-patellaire.
En effet, I’engagement rotulien plaque la rotule
contre la trochlée et ferme I’espace antérieur.

Nous positionnons le patient sur une table clas-
sique un contre appui et une cale sous le pied
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permettant de maintenir le genou fléchi a 90°.
Pour Delaunay [7], seule le positionnement ge-
nou fléchi sur un arthrostress permet d’analyser
de fagon précise le degré de flexion du genou.

ANALYSE STATIQUE

L’analyse de la morphologie rotulienne est aisée
par voie antéro-latérale. Elle s’effectue jambe
en extension, 1’arthroscope est positionné hori-
zontalement et orienté vers le haut. Néanmoins,
le ligament adipeux peut parfois géner sa visua-
lisation et I'utilisation du shaver peut s’avérer
nécessaire pour étudier la portion distale.

L’arthroscopie permet d’évaluer I’aspect géné-
ral de la rotule, le caractére dysplasique ou non,
la taille de la facette médiale par rapport a la
facette latérale.

On appréciera également la tendance sponta-
née a la translation latérale de la rotule comme
le souligne Kita [10]. On évaluera I’importance
de cette translation en pourcentage de la facette
latérale.

Par ailleurs, la hauteur de la rotule peut étre
également appréciée par rapport a la trochlée.
En effet, en cas de patella alta, celle-ci siege a
la partie haute de la trochlée.

Cette partie de la trochlée, siege des dysplasies,
est mieux appréciée par voie supéro-latérale.
En revanche, I’analyse de la gorge trochléenne
est plus facile par voie antéro-latérale. Le scope
est dirigé progressivement vers le bas en glis-
sant le long de la berge externe afin d’explorer
la trochlée dans sa totalité.

Le caractere dysplasique ou non de la trochlée
est appréciée : hypoplasie de la berge médiale,
obliquit¢ de la berge latérale, saillie de la
trochlée.

Le statut cartilagineux rotulien et trochléen est
également analysé (fig. 1). Ces lésions cartila-

gineuses sont fréquentes sur la rotule. Nomura
[12] fait état de 96 % de 1ésions cartilagineuses
apres luxation de rotule. L’auteur décrit deux
types de Iésions : les fissurations (fig. 2) sié-

geant principalement sur le dome et les éro-
sions siégeant principalement sur la facette
médiale. Kita [10] rapporte des observations
similaires. Par ailleurs, 1’opérateur s’attachera
arechercher d’éventuels corps étrangers articu-
laires, fréquents dans le cadre des luxations de
rotule.

Fig. 1 : Fracture ostéochondrale de la berge
médiale de la rotule s’étendant a la créte médiane

Fig. 2 : Fissures du déme patellaire
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ANALYSE DE LA
DYNAMIQUE ROTULIENNE

Analyse avant stabilisation

En extension, seule la facette latérale s’articule
avec le fémur. Au cours de la flexion, la créte
médiane puis la facette médiale s’engagent
dans la gorge trochléenne [5]. Ainsi selon
Cascells [4] et Metcalf [13], dans des condi-
tions normales, la créte médiane doit étre enga-
gée au cours des 45° premiers degrés de flexion.
La facette externe s’engage vers 20°, la facette
interne vers 50°. Chez les patients présentant
une instabilité rotulienne objective, la créte
médiane s’engage a 50° de flexion et la facette
interne a 85°.

La cinétique rotulienne dans le plan frontal
peut également étre appréciée. On notera le ca-
ractére luxable ou subluxable ainsi que 1’im-
portance de la subluxation (fig. 3). Ceci peut
étre mesuré en pourcentage de la surface rotu-
lienne ou en quadrants. On évaluera la réducti-
bilit¢ de la translation externe spontanée. Si
cela n’est pas le cas, cela signe une rétractation
des structures externes.

Fig. 3 : Rotule luxable

Analyse des gestes de stabilisation

Apres gestes de transferts distaux

L’effet des gestes de transposition de la tubéro-
sité tibiale antérieure demeure difficile a quan-
tifier sous arthroscopie.

Néanmoins en cas de patella alta, il est possible
d’évaluer le positionnement de la rotule par
rapport a la limite supérieure de la trochlée ge-
nou en extension et I’angle de flexion permet-
tant un contact complet de I’ensemble de facet-
tes articulaires rotuliennes (Angle de flexion de
recentrage ou AFR). Aprés abaissement de la
tubérosité tibiale antérieure, le positionnement
rotulien genou en extension ainsi que I’AFR
sont notés.

Un tel geste doit permettre le recentrage plus
précoce de la rotule sur la trochlée tant lors de
I’analyse statique que dynamique.

L’efficacit¢ d’un geste de médialisation reste
plus difficile a évaluer. Celui-ci agit sur le re-
centrage rotulien tant en flexion qu’en exten-
sion en diminuant la TAGT [8]. Nous avons
constaté chez un patient ayant bénéficié d’une
médialisation de la tubérosité tibiale antérieure,
plusieurs années auparavant, un engagement
rotulien “inversé” : la facette médiale entre en
contact en premier avec la trochlée puis la créte
médiane et enfin la facette latérale. Kuroda [11]
et Benvenutti [3] soulignent que la médialisa-
tion de la tubérosité tibiale antérieure augmente
les pressions de contact sur le compartiment
femoro-patellaire médial.

Apres plastie du ligament
patellofémoral medial (MPFL)

Le MPFL joue le rdle de frein primaire au dé-
placement latéral de la rotule. Il est systémati-
quement atteint en cas luxation de rotule. Cette
atteinte reste difficile a analyser actuellement
sous arthroscopie (fig. 4).
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Fig. 4 : MPFL natif

En revanche, apres stabilisation, il est possible
de vérifier le positionnement purement extra-ar-
ticulaire de la greffe et de I’absence de bréche
articulaire lors du passage de celle-ci. Celle-ci
est visualisable comme une bandelette venant
s’imprimer en avant de la capsule articulaire
médiale (fig. 5). En revanche, la qualité du posi-
tionnement des insertions fémorale et patellaire
ainsi que la tension adéquate de la greffe ne
nous semble pas étre évaluable avec précision.

Fig. 5 : Plastie du MPFL

Kita [10] rapporte I’analyse arthroscopique de
25 genoux opérés d’un MPFL pour luxation ré-
cidivante de rotule. La cinétique rotulienne a
¢été analysée avant stabilisation et immédiate-
ment apres. Avant stabilisation, 1’auteur rap-
porte une tendance a la translation latérale de la
rotule quel que soit le degré de flexion du ge-
nou. Immédiatement aprés plastie du MPFL,
une cinétique rotulienne normale était restau-
rée entre 0 et 60° de flexion. De méme, dans
une étude cadavérique, Sandmeier [16] note
que la reconstruction du MPFL améliore la ci-
nétique rotulienne. Amis [1] souligne le fait
que le MPFL est le frein primaire a la luxation
lors des 20 premiers degrés de flexion c’est-a-
dire lors de 1’engagement dans la trochlée [2]
puis I’action du MPFL diminue lors de la
flexion du genou [15] au fur et @ mesure que la
congruence osseuse augmente.

Apreés stabilisation, il faut a tout prix éviter que
la rotule soit hyper-réduite et fixée dans le plan
frontal afin de limiter le risque d’hyperpression
médiale. Sandmeier [16] et Ostermeier [14] ont
montré que la plastie MPFL a tendance a hy-
permédialiser la rotule et de ce fait surcharger
le compartiment fémoropatellaire médial.

Ainsi, I’opérateur s’attachera a évaluer la res-
tauration d’une cinétique rotulienne normale
lors de I’engagement. Afin de limiter le risque
d’hypercorrection, il est important que la rotule
garde un degré de liberté dans le plan frontal. 11
est actuellement impossible de fixer des crite-
res de correction idéale sous arthroscopie. Nous
avons fixé arbitrairement une translation laté-
rale sur environ la moitié de la facette latérale,
genou en extension, comme étant un critére de
mobilité résiduelle satisfaisante.

CONCLUSION

L’arthroscopie est un outil de choix pour analy-
ser I’articulation fémoro-patellaire grace aux
voies d’abord antérieures classiques mais éga-
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lement grace aux voies supérieures. Outre
I’analyse morphologique statique, elle permet
d’étudier la cinétique rotulienne normale et pa-
thologique. De ce fait, elle présente un intérét
certain avant et apres chirurgie de stabilisation

rotulienne. Néanmoins, il est nécessaire d’éta-
blir des criteres fiables et reproductibles de me-
sure de la cinétique rotulienne normale et pa-
thologique afin de pouvoir évaluer la qualité
des gestes de stabilisation.
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BIOMECANIQUE DU LIGAMENT
PATELLO-FEMORAL MEDIAL
MPFL BIOMECHANICS

J. CHOUTEAU

INTRODUCTION

Le ligament patello-fémoral médial (MPLF) est
situé sur la face médiale du genou et unit le bord
médial de la patella a la métaphyse fémorale.

La face médiale du genou présente plusieurs
plans tissulaires. Le plan superficiel est consti-
tué par le rétinaculum médial. Le deuxiéme
plan, ou plan intermédiaire, est celui du liga-
ment patello fémoral médial (MPLF) et du li-
gament collatéral médial (MCL). Enfin, le plan
profond est composé de 2 structures. Il s’agit
tout d’abord du ligament patello méniscal mé-
dial (MPML) dont la longueur est de 39,4 + 3,2
mm et la largeur de 9,6 + 1,2 mm. Enfin, le li-
gament patello tibial médial (MPTL), plus in-
constant, a une longueur de 54,6 + 8,4 mm et
une largeur de 21,8 + 4,4 mm. La présence si-
multanée du MPFL et du MPTL est retrouvée
dans 47 % des cas.

ANATOMIE DU MPFL

Philippot [1], sur une étude anatomique de
23 genoux cadavériques, a constamment re-
trouvé la présence du MPFL. Sa longueur était
de 57.7+5.8 mmetsalargeurde 12.2+ 2.6 mm
a son insertion fémorale et de 24.4 + 4.8 mm a

son insertion patellaire. Une jonction entre le
MPEFL et le vaste interne (VMO) a constam-
ment été retrouvée. Il s’agissait d’une zone de
réflexion avec un entrecroisement de fibres
provenant du MPFL et du VMO d’une lon-
gueur de 25.7 £ 6 mm.

Un rapport étroit entre les fibres du faisceau
superficiel du MCL et le MPFL sous la forme
d’une arche ligamentaire a été mise en éviden-
ce sur 40 % des genoux étudiés par plusieurs
études [2, 3].

L’insertion fémorale du MPFL a ét¢ étudiée
précisément par Philippot [1] grace a la réalisa-
tion d’un repére orthonormé centré sur I’inser-
tion fémorale du MPFL. Celle-ci se situait pos-
térieurement et proximalement par rapport a
I’épicondyle médial de 10.7 + 3.3 mm et en
avant et distalement de 11.2 + 5.9 mm par rap-
port au tubercule de I’adducteur.

L’insertion patellaire a été constamment retrou-
vée sur la moitié supérieure de la berge médiale
de la patella. Une extension du MPFL peut
aussi s’insérer sur 1’insertion patellaire du ten-
don quadricipital. La présence combinée d’une
extension d’insertion sur le tendon quadricipi-
tal et sur le vaste interne a été retrouvée par
certaines ¢tudes [2-4].
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Données générales

Amis [5] a retrouvé, sur une étude de 10 ge-
noux cadavériques (dge moyen 70 ans), une
résistance moyenne du MPFL a la rupture de
208N.

Les contraintes transmises au MPFL durant la
flexion du genou ont été étudiées notamment
par Elias [6]. Elles atteignent un maximum de
20N a 30° de flexion et sont proches de ON a
90° de flexion.

Le MPFL participe au controle de la translation
latérale de la patella pour une proportion de
53 % pour Conlan [3], de 60 % (41 a 80 %)
pour Desio [7] et de 50 % pour Hautamaa [8].

Cinématique de la patella sur genou
sain et aprés section du MPFL

Philippot [9] a mis au point un protocole opto-
¢lectronique d’évaluation de la cinématique du
MPFL. Pour cela le fémur, le tibia et la rotule
ont été¢ marqués a 1’aide de marqueurs tripodes.
De cette maniére, les mouvements des 3 seg-
ments pouvaient étre enregistrés les uns par
rapport aux autres pour les 6 degrées de
liberté.

Cinématique de la patella sur genou
sain

La bascule de la patella (patellar tilt) était quasi
nulle durant les premiers 45° de flexion du ge-
nou. A partir de 45° de flexion, la patella mon-
trait une bascule externe qui s’accentuait aux
alentours de 90° de flexion, atteignant un maxi-
mum de -3.7 + 8.9 mm par rapport a sa position
de référence initiale.

La translation de la patella (patellar shift) était
progressive et latérale pour atteindre, a 90° de
flexion, une translation maximale de 3.18 =+
9.67 mm par rapport a sa position de référence.

Enfin, durant les premiers 30° de flexion du ge-
nou, la patella présentait une rotation médiale
(patellar rotation) atteignant une amplitude
maximale de 0.8 + 4.6 a 15° de flexion. Ensui-
te, se produisait une inversion vers la rotation
latérale atteignant un maximumde 1.45+6.5a
90° de flexion.

Cinématique de la patella apres
section du MPFL

Apres section du MPFL, la translation externe
de la patella augmentait de manicre statistique-
ment significative (maximale en extension et
diminuant avec la flexion du genou). La trans-
lation externe augmentait ainsi de 72 % en ex-
tension compleéte et de 52 % a 90° de flexion.

La bascule externe de la patella augmentait
aussi de maniére significative et était maxi-
male en extension. L’augmentation était ainsi
de 76 % en extension complete et de 28 % a
90° de flexion. Enfin, apres section du MPFL,
la patella montrait une rotation externe, de
I’extension a 35° de flexion produisant une
augmentation de la rotation externe de 62 %
en extension maximale et de 0 % a 35° de
flexion.

CONCLUSION

Le ligament patello-fémoral médial est une
structure constamment retrouvée au sein du se-
cond plan tissulaire de la face médial du genou.
11 est le stabilisateur principal de la patella en-
tre I’extension compléte du genou et la flexion
a30°.
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INLAY OR ONLAY PFA

PB. SCHOETTLE

Patellofemoral arthritis is a pathology which
can be caused by several factors. Depending on
the interplay of the structures involved in the
patellofemoral joint there is a difference between
the direct and indirect development of the PFA.
The group of direct causes includes direct blunt
trauma, fracture of the patella, traumatic patellar
dislocation, chronic overloading by profession,
sports or overweight and rarely osteochondritis
dissecans. Malalignment, a poor tracking and
positioning of the patella, is the cause for the
indirect development of PFA. It is mainly
induced by trochlear dysplasia, valgus deformity
and femoral anteversion. Regarding successful
therapy of PFA the precise clinical and
radiological diagnostics of the underlying
causes is a necessary precondition.

Since biological treatment options in the PFJ
are limited in their success, and anterior transfer
of the tuberosity can only be carried out by
accepting a medial or lateral increase of the PF
loading, which may be not sufficient in some
cases, especially with an underlying trochlear
dysplasia, the indication for an isolated
patellofemoral replacement may be given.

For a long time, reputation of these partial
arthroplasties have been not very promising (in
comparison with the UKR i.e.), since the outcome
was no as satisfying due to a symmetrical, non-
physiological V-shape of the systems.

However, actual products respect the given
anatomy and can be separated in traditional
onlay and recent inlay systems.

The main difference in between those two
systems is the surgical technique and the
postoperative joint volume: in onlay systems,
the arthroplasty is cemented onto a bony plain,
flattened by an anterior femoral osteotomie,
where the degenerative cartilage and the
underlying bone has been removed (fig. 1).
While some rotational malalignments and even
valgus mismatches can be influenced positively
by an anterior osteotomie, the only technique
comprises the risk of a postoperative bone-
volume augmentation: in cases of small knees,
where the anterior osteotomie is limited by
given anatomical facts to avoid a weak spot of
the distal femur and the risk of a postoperative
fracture, an anteriorisation of the femoral joint
line and an therefore an augmentation of the
patellofemoral joint pressure with ongoing pain
can occur.

Other then that, in inlay systems, the defect
area is reamed only down to the demanded
depth of the trochlea, respecting the supero-
inferior curvature of the given joint. Therewith
it is possible to recreate the given trochlea
shape or to change a before dysplastic into a
physiological  trochlea, respecting  the
surrounding bone shape and curvature. In these
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techniques, the new surface rather works like
liquid metal without the risk of an overstuffing
(fig. 2). However, any bone malalignment,
especially a pathological internal rotation can
not be treated with these methods.

As a conclusion: nowadays, an inlay system
seems to be the preferred thechnique in
patellofemoral arthritis, since amore anatomical
result can be achieved. In cases with an
additional (causing) malalignment, either an
onlay technique with a correcting anterior
femur cutting osteotomie or a combinative
treatment of an osteotomie and an inlay
technique has to be performed.

Additional resurfacing of the patella seems to
be indicated only in cases with a concave
patella without any physiological gliding
properties or for improving kinematics and
stability, while the focal degeneration of the
patellar cartilage has no negative influence on
the outcome if not treated.

Fig. 2a

Fig. 2b




LATERAL-SIDED SURGERY WITH
MPFL RECONSTRUCTION:
WHEN IS THIS NEEDED?

E.A. ARENDT

This chapter discusses when lateral-sided
surgery is necessary to perform concomitant
with a Medial Patellofemoral ligament (MPFL)
reconstruction. Specifically, when does one
need a lateral retinacular release/lengthening as
part of the surgical stabilization for the patella
to prevent recurrent lateral dislocations? In
order to answer this one needs to review “lateral
patella tilt”.

If one looks at the historic roots of patella
instability, the majority of early surgical
procedures favored increasing the directional
pullof medial-sided structures while eliminating
or diminishing the pull of (abnormal) lateral-
sided forces (i.e.) a lateral retinacular release
[1, 2, 3]. Campbell’s Operative Orthopaedics
(1980), in reviewing surgical procedures for
patella instability, reported that procedures
used to surgically correct lateral patella
dislocations that have been the most widely
used and the most successful included “release
of tight and contracted soft tissues, including
the vastus lateralis tendon, to remove deforming
forces” [4].

Patella position in the sagittal view has been
analyzed and measured since late 1930°s when
Blumensaat recognized patella position and its
relationship to patella dislocation [5].

Patella tilt, however, began to be analyzed and
measured with the introduction of radiographic
axial imaging. The addition of axial slicing
afforded by CT scans and later MR imaging
added to the recognition and evaluation of this
anatomic feature. The position of the patella in
relation to the trochlear groove was a primary
component of “patella malalignment.”

H. Dejour and G. Walch, leading a combined
effort with the entire “Lyonnaise” team,
analysed over 1800 radiographic cases of
patellofemoral (PF) patients and controls. This
analysis utilized precise radiographic review of
the trochlea on lateral view radiographs with a
strict superposition of both posterior femoral
condyles, and a standardised CT protocol.
Within this body of work the Lyonnais team
defined principle imaging factors associated
with lateral patella dislocations (objective
instability). The authors defined lateral patella
tilt by overlapping CT images comparing the
long axis of the patella to the posterior femoral
condylar line. A lateral patella tilt >20° was the
threshold value associated with objective
patella instability [6]. Excessive lateral patella
tilt was included as a correctable risk factor in
the “le menu a la carte”. An early hypothesis of
the etiology of lateral patella tilt was one of
muscle weakness, specifically VMO dysplasia.
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The Lyonnais team further described a surgical
algorithm to treat patella instability by
correcting each anatomical (radiographic
imaging) abnormality. Excessive lateral patella
tilt was treated with a lateral retinacular release,
and a “VMO plasty”.

Several seminal articles describe lateral patella
tilt as an injury variable in need of surgical
correction, describing lateral patella tilt as an
imaging feature without a physical exam
association [7, 8].

The reader is left with the assumption that the
imaging sign of excessive lateral patella tilt is
associated with tight lateral structures that
presumably needed to be lengthened or
released. Although patella tilt is difficult to
define objectively by physical exam, it is
recognized that lateral patella tilt is associated
with a decrease in medial patella translation
and negative medial patella tilt test (the inability
to bring the lateral board of the patella past the
level of the horizon) (fig. 1). When you associa-
te excessive lateral patellae tilt on X-ray with a
physical exam sign of lateral tightness, this
represents patella tilt that may need to be
surgically corrected.

lareral

Fig. 1: Medial Patella Tilt Test

A critical aspect of patella tilt analysis is that
excessive lateral patella tilt may represent
lateral tightness, but it always represents some
degree of medial retinacular laxity. This is
particularly important when viewing an acute
image; one nearly always sees excessive lateral

patella tilt and a large hemarthrosis due to the
associated trauma ofanacute patelladislocation.
Therefore, measurement of lateral patella tilt
can be grossly over-estimated on MR, CT, or
axial radiograph when it is associated with a
large degree of knee swelling as is typical in
the acute injury phase.

Lateral patella tilt can also be mis-leading when
itis associated with loss of cartilage in the lateral
patellofemoral joint. Laurin et al. [9], describe
lateral patella tilt as being due to cartilage loss
from the lateral trochlea and lateral patella facet,
not tightness of the lateral retinaculum. Indeed,
we often see a “pseudo tilt” associated with
patellofemoral arthrosis, where the lateral tilt of
the patella is due to loss of cartilage in the lateral
patellofemoral joint space [10] (fig. 2), rather
than lateral patella tilt being obligated by one’s
own innate morphologic anatomy.

Fig. 2 : Patella tilt due to loss of cartilage in the
lateral PF compartment (lwano Type 3 classification
of PF Arthritis).

Noting the concerns of mis-interpreting patella
tilt as always associated with “too tight”
lateral soft tissues structures, it is noted that
the degree of lateral patella tilt has been shown
to have a direct relationship to the degree of
trochlear dysplasia (i.e.), high grade trochlear
dysplasia is associated with greater patella tilt
[11]. Forstudents ofpatellofemoral morphology,
the lateral soft tissue structures offer the most
challenging and diverse soft tissue dilemmas in
dysplastic patellofemoral joints.




LATERAL-SIDED SURGERY WITH MPFL RECONSTRUCTION: WHEN IS THIS NEEDED?

When to release or lengthen the
lateral soft tissue structures:

With the above discussion as a prologue, one
can attempt to answer the question “When are
lateral sided structures a deforming force
restricting a balanced patella?”.

The most correct statement would be: one
should relax the lateral structures by lengthening
and/or releasing the lateral structures when
they offer resistance to normalization of patella
position in early flexion. The harder question
is: how does one determine this?

The discussion of when to release/lengthen
lateral sided retinacular structures will be
restricted to those cases that one assumes the
major feature preventing normalization of the
patella position is a soft tissue structure, not the
trochlea. Certainly, the morphology of the
trochlea in early flexion can also be a reason to
have excessive lateral patella tilt [11].

However, when one is talking about high-grade
trochlear dysplasia associated with large
degrees of patella tilt, one nearly always needs
to lengthen or release the lateral structures; that
is not what is under discussion in this article.
This article attempts to address those more
subtle cases of “isolated MPFL reconstructions”
that may or may not need a lateral retinacular
lengthening/release.

An ideal candidate for an isolated MPFL

reconstruction (without bony work (eg) tibial

tubercle osteotomies/trochleoplasties) might
have the following profile of risk factors:

- Trochlear dysplasia, type A, or normal
trochlea.

- A tubercle sulcus angle of 0 to 5° valgus/or
TT-TG less than 20mm. (no significant mal-
alignment of the patellofemoral joint).

- Patella alta less than 1.3 (Insall/Salvati or
Caton/Deschamps index) and/or “reasonable”
overlap of the patella and trochlea surfaces on
sagittal MR [12] (functional patella engage-
ment with the trochlea).

In regards to lateral lengthening, the author
reviews the following pre-operative factors to
aide in the decision of how to manage the
lateral soft tissue structures.

- Lateral patella tilt less than 20° utilizing axial
image with posterior femoral condyles as a
reference, measured on an image without
notable knee effusion (in a non-acute injury
setting) usually does not need lateral
lengthening.

- If the non-acute axial image in full extension

shows increased lateral patella tilt but the tilt

corrects in early flexion (20° Laurin’s view or

a 30° Merchant’s view), the patella rarely

needs lateral structures lengthened.

Axial radiographs taken in early flexion

reveal excessive lateral tilt on both sides, with

no injury to the opposite (non-injured) knee;
this is a strong sign that lateral sided deforming
forces are present.

Patella tilt that has no lateral tightness on

physical exam after the patella is relocated

does not need lateral side lengthening.

(This may be necessary to evaluate intra-

operatively).

The final decision for how to manage lateral
soft tissue structures is made intra-operatively.
One way the author has evaluated lateral sided
tightness intra-operatively when doing MPFL
reconstructions is the following: a K wire is
passed medial to lateral across the patella at the
most superior aspect of the patella’s insertion
of the MPFL, exiting at the lateral border of the
patella. This gives the surgeon a true
representation of the medial to lateral axis of
the patella. One can then test the lateral
tightness by seeing if the K wire remains level
(parallel to the horizon) at full extension, and
then again at 20°, or when the patella is initially
engaged in the trochlear groove. If the K-wire
remains tilted, the author lengthens the lateral
sided structures (fig. 3). This can be referred to
as an “intra-operative patella tilt test”, with a
very visible structure (the K-wire) representing
the long axis of the patella. In the author’s
MPFL technique, this K-wire is used to
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lateral

Fig. 3 : K-wire placed thru the M-L axis of the
patella intra operatively.

Black: patella M-L axis cannot be brought to a
horizontal level.

Grey: post-lateral retinacular lengthening/release.

establish a short docking station for the MPFL
by over-drilling the K-wire with a 4mm
cannulated reamer for a length of 10mm. Even
if one’s preferred surgical technique involves a
different kind of patella fixation, this technique
can be used by inserting a K-wire as described
above and later removing it.

The author’s preference is to lengthen, not
release, the lateral sided soft tissue structures
of the patella (fig. 4). In support of lateral sided
lengthening: it is a more precise balance of the
patellofemoral forces and it reduces the
potential for excessive medial patellofemoral
translation. Conversely, lateral retinacular
lengthening does require either a larger incision
or two incisions. It slightly increases the
operating room time. At times, the gap between
the lateral structures is too great to be lengthened

and a release is necessary; however in the
surgical profile detailed above (“isolated”
MPFL reconstruction), the gap is rarely
>20mm. When one performs a lengthening of
the lateral tissue, one often has 15-22mm of
tissue to lengthen.

Fig. 4 : Schematic drawing of lateral retinacular
lengthening : ITB = lliotibial band, LPFL= lateral
patellofemoral ligament

Dark-grey: ITB

Light-grey: LPFL
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ANATOMICAL DOUBLE BUNDLE
MPFL RECONSTRUCTION

PB. SCHOETTLE

INTRODUCTION

The medial patellofemoral complex, consisting
of the medial patellofemoral ligament (MPFL)
and the medial patellotibial ligament, is the
main passive stabilizer of the patellofemoral
joint. Since it has been shown that rupture of
the MPFL is the main pathological consequence
of patellar dislocation [1] and biomechanical
studies have demonstrated that the MPFL is
the main restraint against lateral patellar
displacement, reconstruction of the MPFL has
become a widespread technique for restoration
of patellofemoral stablity. An additional reason
that MPFL reconstruction became as popular is
the fact that distal realignment procedures such
as transfer of the tibial tuberosity or release at
the lateral patellar retinaculum/capsule have
provided inadequate restoration of patello-
femoral stability in every patient, frequently
leading to increased mediolateral instability,
increased patellofemoral pressure or arthritic
degeneration.

Therefore, numerous techniques for reconstruc-
tion of the medial patellofemoral complex have
been described with promising clinical results
[2]. However, since it is known that a non-
anatomical reconstruction of the MPFL can
lead to non-physiologic patellofemoral loads
and kinematics [3], the goal of a surgical

intervention must be an anatomical reconstruc-
tion. Since the femoral insertion of the MPFL
has been evaluated anatomically [3], biomecha-
nically [4], and radiologically [5], the
complications of increased patellofemoral
pressure in flexion associated with non-anatomic
femoral graft fixation that is too anterior/
proximal [3] can be avoided. Upon careful
observation of the anatomical shape of the
original MPFL, it is apparent that the patellar
insertion is much wider than the femoral one.
Additionally, Amis et al. have proven double
bundle structure provides a more stable proximal
and distal ligamentous structure [3]. Respecting
this anatomic condition, a double bundle
reconstruction at the patellar side is reasonable
to restore native ligamentous morphologic and
biomechanical properties; moreover, this
method lessens the patellar rotation during
flexion-extension movement that may occur
during single bundle reconstruction. Under
these conditions, the double bundle
reconstruction, described earlier [6] shows very
satisfying clinical results. As we know from
ACL reconstruction, direct anatomical/aperture
fixation, [7] provides the highest time-zero
fixation by avoiding elongation of the graft or
“bungee” effect, resulting in the possibility of
early rehabilitation with full range of motion. In
a similar manner, these concepts may be applied
to MPFL reconstruction.
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Although most of the actual surgical techniques
utilize a free tendon graft to reconstruct the
MPFL as the only method for anatomic double
bundle graft fixation, an all aperture fixation
has not yet been described.

Recent studies have described an anatomical
double bundle reconstruction, using an aperture
fixation at the femoral insertion [6, 8], while
the patellar fixation remains relatively indirect
resulting in the eventual risk of post-operative
micromotion and subsequent loosening.
Patellar graft fixation has been described with
either an anchor system, attaching the graft into
a bony rim, [6] or by tying the attached graft
sutures to each other at the lateral patellar edge
[8]; however, this method may potentially
result in graft slippage by degloving [7].

Until today, only one technique described
anatomical patellar fixation by looping graft
through bone tunnels without any additional
fixation device [9]. This technique appears to
produce stable fixation at the patella. However,
in soft bone, a widening of the tunnel could
occur in the long-term; moreover, in patients
with a short gracilis graft, the tendon length
may not be long enough to reach the anatomical
femoral insertion.

The double bundle technique described here
offers an aperture fixation at the patella and the
femur, providing a high initial stability on both
insertions, resulting in improved bony in
growth, and consequently, an earlier return
tofull range of motion.

SURGICAL TECHNIQUE

Harvesting and preparing of the
gracilis tendon

After completion of the arthroscopy, a 2cm
long oblique incision is performed at the pes
anserinus. After incising the sartorius
aponeurosis, the gracilis tendon is harvested
and used as an autograft. The load to failure
force of the Gracilis graft — even as a single
bundle-exceeds the failure to load of the MPFL

(208N). [3] The usable part of the tendon
should be at least 18cm long. After harvesting
the tendon with the stripper and removing the
muscle tissue, the doubled tendon diameter is
determined and both ends are whipstitched
with an absorbable braided suture over a length
of 15mm.

Preparing the soft tissue layer

A 2cm skin incision is performed from the
superomedial corner to the end of the medial
margin of the patella, where the patellar MPFL
insertion is located [4, 10] (fig. 1). As the MPFL
is situated central to the Vastus medialis
obliquus (VMO) in the second layer of the
medial patellofemoral complex [10], the central
part of the VMO is identified and a scissor is
brought along to the medial femoral epicondyle
in between the VMO and the joint capsule,
cautiously avoiding any injury to the joint.
After the opened scissors are removed, a right
angle clamp is brought into the separated layer
and the tip is directed towards the skin in the
area of the adductor tubercle, where the femoral
MPFL insertion is located. Then a small
longitudinal skin incision is performed over the
tip in 30° knee flexion, the position wherethe
graft will be finally fixed. Finally, in preparation
for passing the final graft, a suture loop is
inserted in between the second and the third
layer using the right angle clamp.

Fig. 1: After the anatomical landmarks of the patella
are marked, a 2cm incision from the supermedial
corner of the patella to the medial margin is
performed and two 4.0mm holes are drilled for the
MPFL insertion.
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Preparing the femoral insertion site

To avoid non-physiological patellofemoral
forces, the femoral MPFL insertion has to be
very accurate. Therefore, a guide wire with an
eyelet is placed slightly posterior to the
midpoint of the medial epicondyle and the
adductor tubercle and the entering point into
the bone is marked with a clamp [10]. Then the
guide wire placement is controlled by a picture
intensifier on a straight lateral view to obtain
the correct anatomical femoral insertion; if the
graft is placed too anterior or proximal,
abnormal graft tensioning will lead to increased
patellofemoral pressures during flexion [3].
Therefore, we use the radiographic landmark
of the anatomical MPFL insertion which has
been shown to be located slightly anterior to an
elongation of the posterior femoral cortex in
between the proximal origin of the medial
condyle and the most posterior point of
Blumensaat’s line [6]. If necessary, the guide
wire entry point is corrected before overdrilling
to the contralateral cortex with a drill diameter
Imm larger than that of the graft loop.

Preparing the patellar insertion site

To achieve aperture fixation at the patellar side,
the free graft ends have to be fixated directly to
the patella. Therefore, the medial patellar
margin is prepared and two guide wires are
drilled tangentially into the patella at the
proximal and distal end of the medial edge. The
guide wires are subsequently overdrilled with a
cannulated 4mm drill to a depth of 20mm.

Graft fixation

The two free sutured graft ends are fixed into
the patellar holes one after each other, using a
4.75x15mm Swivel Lock (Fa. Arthrex),
achieving a direct anatomical graft fixation. To
accomplish this, the graft sutures are pulled
through the PEEK eyelet of the Swivel Lock,
and pushed into the drill holes. Keeping the
suture under tension, the graft ends are fixed
with the 4.75x15mm Swivel Lock screw
(fig. 2). In this way, a double bundle aperture

fixation at the patellar side is achieved, leaving
the graft loop free (fig. 3).

Fig. 2: Using two Swivellock anchors, the armed
graft ends are inserted and fixated into the
patella.

Fig. 3: Graft ends are fixed using a 4.75x15mm
Swivel Lock screw while tensioning the graft.

The suture loop is then used to pull the graft in
between layer 2 and 3 to the femoral insertion.
Next, a Nitinol wire is inserted into the femoral
drill hole and the suture loop of the graft is
pulled laterally using the guide wire. Finally,
while maintaining equal tension on both
bundles, the graft is pulled into the femoral
socket. Since biomechanical studies have
shown that the MPFL has its maximal length
and restraint against patella lateralisation in
30° of flexion (fig. 4) [3], femoral fixation is
performed in 30° of flexion with the lateral
patellar edge positioned in line with the lateral
trochlear border wusing a bioresorbable
interference screw. An anatomical femoral
insertion avoids an overcorrection, since an
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overtension of the graft can only occur if the
femoral tunnel is placed too far anterior or
proximal. In this case, the insertion point would
move towards posterior in flexion, leading to a
lengthening of the distance between patellar
and femoral insertion, increasing the load onto
the graft, and consequently, onto the patello-
femoral joint.

If adequate medial restraint has been restored,
lateral patellar dislocation should no longer be
possible and routine skin closure is performed
after reattaching the aponeurosis of the VMO
back to the medial edge of the patella with
resorbable sutures.

Fig. 4: The double bundle aperture fixation is
achieved at the patellar side as well as at the
femoral insertion.

POSTOPERATIVE
TREATMENT

Compared to other techniques, this aperture
fixation with a biotenodesis screw at the patellar
insertion provides an immediate stable tendon
to bone fixation with an ultimate load to failure
force at the patellar side higher than the 208N
needed to rupture an intact MPFL [3]. Weight
bearing is allowed, however, no more than
20kg until wound healing, while leg raising
and quadriceps setting exercises can be started
immediately with a free range of motion as
tolerated.

Low impact activities such as running or
cycling are allowed at 6 weeks post-op; full
activity is permitted at 3 months.

DISCUSSION

The most important finding and improvement
in using the above described technique was the
possibility of an immediate full range of motion
due to the aperture fixation at both sides. The
benefit of anatomic graft positioning in ligament
reconstruction has been known for a long time
and has been clearly demonstrated in ACL
reconstruction. Anatomical reconstruction of
the MPFL is particularly important as
biomechanical studies have demonstrated that
the length change pattern of a MPFL
reconstruction depends critically on the site of
the femoral attachment; moreover kinematics
change significantly when the patellar or the
femoral insertion has been off by only Smm
[4]. Aside from tunnel placement, graft fixation
is the other determining factor in ligament
reconstruction [7]. Non-aperture fixation at
either the femoral or patellar insertion can
increase the risk of a delayed or insufficient
tendon to bone healing, which may result in
early loosening or slackening of the graft. To
avoid this, a restricted range of motion is
recommended by some surgeons; however, this
may lead to arthrofibrosis, potentially
necessitating an additional arthroscopic
arthrolysis, carrying the additional risk of
damage to the graft.

However, until today, only one technique
describes a double bundle aperture fixation at
both sides where the graft is looped through a
bone tunnel in the patella [9]. In this technique,
the graft is shuttled through the patella and
fixated press fit without any fixation devices,
providing a high intial fixation strength.

The aim of this manuscript was therefore to
describe a procedure for an anatomical double
bundle reconstruction of the MPFL, respecting
not only the ligament shape and both the
anatomical patellar and femoral insertion areas,
but also an aperture fixation.

In recent studies, a tendon transfer is described
either to the patella or to the femur for
reconstructing the MPFL [11, 12]. However, in
these techniques, not only the is transferred
muscle weakened in its original motion, but
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neither the patella nor the femoral insertion can
be reconstructed at its anatomical insertion,
and the graft used is always a single bundle
graft despite the fact that the MPFL consists of
a proximal and a distal bundle [3]. This also
includes a single point fixation at the patellar
side, increasing the rotational moment of the
patella in flexion extension movement. In terms
of the fixation itself, some techniques fix the
graft to the surrounding soft tissue [13] and not
to the patellar and/or femoral bone even though
a ligament is a structure in between bones, and
recent studies have proven the high resistance
to failure of tendon-bone interfaces.

Since tendon to bone healing showed excellent
results in ACL reconstruction with hamstring
tendon grafts, the same tendon-to-bone fixation
is used at both, the femoral and the patellar side
in our technique.

While tendon-to-bone tunnel healing is created
on the femoral side using a biodegradable
screw for fixing the graft loop, the free graft
ends are now fixed directly and anatomically
into the patella using a biotenodesis device.
This technique seems to provide a higher load
to failure strength than an earlier described
technique, where a laminar attachment of the
graft was performed at the patellar side using
two suture anchors [6], which may result in
loosening of the knot during full range of
motion testing; or, the patellar bone may be too
soft for a secure anchoring. Knotting the free
graft ends to each other at the patellar edge [§]
are comparable to a non-aperture indirect
fixation in ACL surgery. With the suture anchor
technique, a secure graft to bone healing can

not be provided in every case and loosening of
the graft could occur.

Another technique, looping the graft through
the patella provides a very high initial fixation
strength and preliminary results are promising
[9]. However, if micromotion in the patellar
tunnels develops, it may lead to a slackening of
the graft at later follow up. However, if the
graft is very short, the femoral insertion can not
be reached and an overly anterior fixation has
to be accepted, leading eventually to an
increased patellofemoral pressure or loss of
fexion.

The use of a free autograft in the above
described technique allows us to place the graft
at the anatomical insertion with a sufficient
length and to recreate the double bundle
structure of the MPFL as it was described in an
anatomical study by Amis [3]. This provides a
higher stability, as the proximal bundle seems
to stabilise in extension, while the distal bundle
stabilises in flexion. Furthermore, the double
bundle reconstruction decreases patellar
rotation in contrast to techniques where only a
single point fixation is performed or the middle
part of the quadriceps tendon is flipped medially
[4]. Reproducing the anatomy of the native
MPFL enables the reconstructed ligament to
have an isometric function, and therefore
avoids increased patellofemoral pressure in
higher degrees of knee flexion [6]. We also
estimate that in long-term follow up, slackening
of the graft will not occur due to an improved
tendon to bone healing by using direct fixation
at the femoral as well as at the patellar
insertion.
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TECHNIQUE DU MPFL AVEC
FIXATION SUR LES PARTIES
MOLLES

V. CHASSAING

Cette technique de reconstruction du MPFL [1,
2], utilisant le tendon du gracilis, parfois celui
du semi-tendineux, avec fixation sur les parties
molles, est utilisée depuis 1993 [3]. Elle a été
systématiquement associée a :

- une section du rétinaculum latéral, sous arth-

roscopie ou a ciel ouvert,
- et une plicature du rétinaculum médial.

Une transposition de la tubérosité tibiale anté-
rieure associée a été rarement utilisée pour une
médialisation, mais systématiquement pour un
abaissement chaque fois qu’il existait une patella
alta, suivant I’index de Caton-Deschamps [4].

FIXATION FEMORALE

La fixation fémorale s’effectue sur le rétinacu-
lum médial, a sa partie postérieure, prés de son
insertion fémorale. Le repére utilisé pour cette
fixation est I’épicondyle médial, toujours bien
palpable. Comme il s’agit d’une fixation sur
des parties molles, il faut tenir compte de la
souplesse du rétinaculum lors de la mise en ten-
sion de la greffe et placer cet amarrage, non pas
en regard de 1’épicondyle, mais un centimeétre
en arriere.

Aprés Iincision cutanée, on aborde les parties
molles para-patellaires médiales. Une incision
longitudinale du rétinaculum médial est effec-

tuée le long du bord médial patellaire. Vers le
haut, elle se prolonge dans le tendon quadrici-
pital & un demi-centimétre des fibres du vaste
médial. Il faut veiller a ne pas ouvrir la syno-
viale et a cliver progressivement vers 1’arriére
I’espace situé entre synoviale et rétinaculum
médial. C’est dans ce plan que la greffe est in-
troduite (fig. 1), avec une petite pince courbe
qui a chargg le fil de lagage du tendon. Son ex-
trémité progresse vers 1’arriére jusqu’au niveau
de I’épicondyle médial. La pince perfore alors
le rétinaculum médial, prés de son insertion fé-

Rétinaculum médial

Fig. 1 : Premier passage du tendon.

Introduction de la greffe aprés ouverture para-
patellaire du rétinaculum médial. En arriére elle
traverse I’épaisseur du rétinaculum puis s’extério-
rise par ouverture cutanée punctiforme.
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morale. Sa pointe s’extériorise au niveau d’une
ponction cutanée postéro-médiale, permettant
ainsi un premier passage du tendon du gracilis a
travers le rétinaculum médial. Un deuxiéme
passage de la pince, dans le méme plan, permet
d’effectuer une deuxiéme perforation du rétina-
culum médial a distance (un a deux centime-
tres) de la précédente. Apres ce passage, la pince
charge le fil de traction de la greffe, et 1’attire
dans un trajet inverse du précédent, obtenant
ainsi un aller-retour du tendon, avec amarrage
en “U” sur le rétinaculum médial en regard de
I’épicondyle fémoral médial (fig. 2). On teste la
solidité de cette fixation : on doit pouvoir soule-
ver le genou par traction sur le tendon.

Fig. 2 : Fixation fémorale

La greffe est amarrée au rétinaculum médial par
un aller-retour en U. La solidité de cette fixation est
contrélée en tirant sur les deux brins tendineux.
Linvagination au niveau de la ponction cutanée
postéro-médiale sera supprimée par libération
d’adhérences sous-cutanées.

FIXATION PATELLAIRE

C’est une fixation sous-périostée, permettant
un amarrage au niveau du bord médial de la
patella, a sa partie moyenne. Une petite rugine
effectue un trajet sous périosté, depuis le milieu
de la face antérieure de la patella jusqu’a son
bord médial (fig. 3). Pour assurer une solidité
suffisante a cette fixation, il est important de
soulever la totalité du périoste en créant un pas-
sage ostéo-périosté étroit, adapté au diamétre
de la greffe, avec une rugine étroite et légere-

A

ment courbée (fig. 4) de facon a rester au

contact de la face antérieure, convexe, de la pa-
tella. Dans le méme temps, grace a une petite
perforation de son extrémité, la rugine a pu
faire passer dans ce tunnel ostéo-périosté un fil
de traction. Ce dernier va permettre d’y attirer
un brin du gracilis, dont I’extrémité a été soli-
dement et finement lacée de facon a faciliter ce

passage.

&

Fig. 3 : Préparation de la fixation patellaire pour le
passage sous périosteé.

Fig. 4 : Rugine courbe perforée.

A sa sortie, le tendon est retourné sur lui-mé-
me, apres avoir croisé la face antérieure de la
patella.

C’est au niveau de cette fixation patellaire que
I’on régle la tension de la greffe. Sa mise en
tension se fait sur un genou fléchi a 45°, de fa-
¢on a éviter une hypercorrection médiale. En
maintenant la tension par traction sur les deux
brins tendineux, on contrdle la stabilité patel-
laire par des mouvements d’extension et de
flexion. Il faut vraiment tendre suffisamment la
greffe, a la limite de la subluxation médiale de
la patella. Tout en maintenant la tension ainsi
choisie, le tendon est suturé au périoste prépa-
tellaire, puis a lui-méme par de nombreux
points (fig. 5).
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Fig. 5 : Suture du tendon au périoste et a lui-méme.
Les deuxpinces surles deux extrémités tendineuses
maintiennent la tension choisie.

SUTURE EN PALETOT DU
RETINACULUM MEDIAL [5]

Cette suture a points séparés (fig. 6) vient com-
pléter et renforcer la mise en tension du plan
interne. Comme précédemment, elle est effec-
tuée sur un genou a 45° de flexion pour éviter
une hypercorrection. Les points supérieurs per-
mettent de réaliser une plastie du vaste médial.

SUITES OPERATOIRES

Il n’y a pas d’immobilisation. L’appui immé-
diat est autorisé sur un genou en extension sous
couvert de deux cannes béquilles pendant
15 jours. La rééducation, entreprise au bout de
deux semaines, est prévue pendant un mois et
demi a deux mois.

Fig. 6 : Suture en paletot du rétinaculum médial,
qui vient recouvrir en partie la patella et la suture
de la greffe.

CONCLUSION

Cette fixation sur les parties molles lors de la
reconstruction du MPFL, utilisée depuis 20 ans,
présente beaucoup d’avantages :

elle est suffisamment solide pour éviter toute
immobilisation et permettre une rééducation
précoce. Elle n’est cependant pas rigide, gar-
de une certaine souplesse qui diminue le ris-
que d’hypercorrection,

elle peut étre pratiquée par des petites inci-
sions cutanées, ce qui est appréciable chez
ces patients souvent jeunes,

elle est peu coliteuse puisqu’elle ne nécessite
aucun implant (vis d’interférence, ancres...),
elle n’a pas été a I’origine de séquelles dou-
loureuses, en particulier au niveau de la fixa-
tion fémorale.
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ALL SURGICAL PROCEDURES
(video)
Patellar tendon procedure

G.L. CAMANHO

INDICATIONS

The indications are:

- Acute dislocation of the patella when ma-
gnetic resonance imaging (MRI) demonstra-
tes an extensive lesion of the MPFL (fig. 1).

Fig. 1 : Skin incision

PREOPERATIVE PLANNING

In acute cases, MRI is fundamental for
analyzing the type of MPFL lesion. In cases of
extensive lesions, reconstruction is indicated.
In the other hand, in cases of isolated lesions
with defined borders in the patellar insertion,
repair should be the best approach.

SURGICAL TECHNIQUE

Our preference is to use subarachnoid
anesthesia. We then perform an examination
under anesthesia to confirm the presence of
patellofemoral instability. A pneumatic tourni-
quet is routinely used.

We start the procedure with arthroscopy to treat
possible cartilage lesions. We do not perform
lateral release.

The surgical incision is planned as follows: an
incision is started proximally at the level of
the upper margin of the patella, centrally,
between the medial margin of the patella and
the medial epicondyle (fig. 1). We make an
incision going down towards the superomedial
margin of the ATT. This incision will be
associated with the incision for the inferomedial
portal for arthroscopy.
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We perform layer-by-layer dissection to reach
the peritendon of the patellar ligament, as done
when taking a graft from the patellar tendon to
reconstruct the anterior cruciate ligament. The
peritendon will be incised vertically but
medially, since only the medial portion of its
structure will be used. We use the medial third
of this tendon.

By means of a subperiosteal incision, we
release the distal extremity of the tendon from
the ATT and flip this strip, medially and
superiorly. Before this, however, with the
purpose to reproducing the anatomy of the
MPFL at its patellar insertion, we perform
subperiosteal release on the patella, as far as
the junction of the proximal third with the
medial third (fig. 2). We then perform
reinforcement using resistant thread, suturing
the graft to the extensor apparatus, which is
inserted into the patella.

Fig. 2 : Diagram showing removal of the medial
third of the patellar tendon

The femoral insertion covers a more diffuse
area and is posterior and proximal to the medial
epicondyle. At this point, we need to measure
the distance to the patellar insertion and the
graft fixation point on the femur. We perfom
Krackow suturing on the free end of the tendon

and position the graft at the femoral insertion
site, allowing the entrance of the stitches into
femoral tunnel to further fixation with
interference screws. Next, we make the tunnel
using a drill bit of the same size as the graft is
ad at the end using an absorbable interference
screw (fig. 3). If the graft is too short, we have
the possibility of not making the tunnel and
fixing using absorbable or non-absorbable
anchors. The fixation should be done at
60 degrees of flexion, the position at which we
apply tension to the ligament.

It is of prime importance at this point to be
concerned about testing the total flexion and
stability of the fixation method.

Fig. 3 : Diagram showing fixation in the femoral
insertion using interference screw

We complement this technique by developing a
dynamic system between the reconstructed
ligament and the lower border of the vastus
medialis muscle, by means of stitches to suture
the vastus medialis to the MPFL (fig. 4).

After washing the wound, we close the
peritendon using VICRYL® 3.0 and then close
the wound using intradermal stitches of
colorless MoNocrYL®. We do not routinely use
a drain and we prefer removal using the
tourniquet and perform hemostasis.

We perform infiltration using local anesthetics
in the skin incisions and we finish by bandaging
and immobilizing using an inguinal-malleolar
brace.
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Fig. 4 : Suture of the vastus medialis muscle to the
ligament graft

POSTOPERATIVE
TREATMENT

Rehabilitation is started at the time of the first
outpatient return visit. The individual keeps the
brace on for three weeks, during which
isometric exercises are started and analgesia
(cryotherapy) and electrostimulation —are
administered. We initially advise patients to
use a pair of crutches and walk without
loadbearing on the knee, and to perform
cryotherapy at home. During the first week, the
load will gradually be applied, up to the
patient’s pain limit. Starting in the first to third
week, we add in larger gains in range of motion,
after the third week, the immobilizer is keep off
and bicycle are use with loading and initial
proprioception exercises. From the sixth week
onwards, we start closed kinetic chain exercises
and gradually start to open kinetic chain

exercises. Our aim is that patients should be
able to return to their preoperative sports
activities after approximately 10 to 12 weeks.

FUTURE POSSIBILITIES FOR
THE TECHNIQUE

We are seeking to adapt the skin incision, so
that the result is more cosmetic.

ABSTRACT

In 2001 we presented a proposal for a surgical
technique to reconstruct the Medial Patello-
femoral Ligament — MPFL using the patellar
tendon and in 2007 we published the technique

[1].

The technique consists of dissection to reach
the peritendon of the patellar ligament, taking a
graft from the medial third of the patellar
tendon to reconstruct the Medial Patellofemoral
Ligament. By means of a subperiosteal incision,
we release the distal extremity of the tendon
from the anterior tuberosity of the tibia and flip
this strip, medially and superiorly. Initially, we
perform a subperiosteal release on the patella,
as far as the junction of proximal third, with the
medial third as a graft positioned at femoral
insertion site and fixed using an interference
screw within femoral tunnel. If the graft is too
short, there is a possibility of not making the
tunnel and fixing it with absorbable or non-
absorbable anchors.
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MINIMAL INVASIVE
RECONSTRUCTION OF THE MPFL
USING QUADRICEPS TENDON

C. FINK, C. HOSER, M. VESELKO

INTRODUCTION

Reconstruction of the medial patellofemoral
ligament (MPFL) for the treatment of patella
instability has achieved increased attention
over the last few years.

Several surgical techniques have been described
which most of them using hamstring tendons as
the graft of choice [2-5, 8, 9].

All of these techniques utilize bone tunnels
and/or anchors for graft fixation on the patella.
Besides implant costs, complications such as
implant breakage or patella fractures through
bone tunnel have been experienced [1, 2, 7].

There are few reports on MPFL reconstruction
using a strip of quadriceps tendon without
anchors or bone tunnels in the patella [6, 10].
Despite very good clinical results, the cosmetic
appearance of longitudinal scars over the thigh
as well as technical difficulties harvesting a
uniform 2-3mm strip of the quadricepstendon
(fig. 1) have not lead to a widespread use of this
techniques.

Therefor we developed a new harvesting
technique for the quadriceps tendon which
allows not only a constant graft harvest with

respect to width and thickness but also is
cosmetically better accepted (only a 2-3cm
transverse skin incision) (fig. 2).

Fig. 1

Fig. 2
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SURGICAL TECHNIQUE
Positioning

Patient positioning has to allow free knee
motion between 0° and 120°.

The intraoperative access for the fluoroscope is
important to be kept in mind and ideally
checked prior to draping.

We prefer fixation of the operative leg in an
electric leg holder (fig. 3).

Surgical steps

In 90° of knee flexion a 2.5-3cm transverse
skin incision is placed over the superomedial
pole of the patella. The prepatellar bursa is
incised longitudinally and the quadriceps
tendon is then carefully exposed.

Along Langenbeck retractor is then introduced
and the quadriceps tendon subcutaneously
exposed proximal to the patella.

The double knife (Karl Storz) in 10 or 12mm
width is then introduced starting over the
middle of the superior patella boarder and
pushed up to a minimum of 8cm (mark on the
instrument) (fig. 4).

The thickness of the graft is then determined
with 2 or 3mm by a second special knife (Karl
Storz). The knife is pushed proximal to the
same mark (minimum 8cm) (fig. 5).

Finally the tendon strip is cut subcutaneously
by a special tendon cutter (Karl Storz) (fig. 6).

Fig. 4

Fig. 5
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The graft is left attached distally and the free
proximal end is armed with resorbable sutures
in web stitch technique.

Distally the longitudinal cuts are continued
with a surgical knife towards the patella and
over the patellar surface in the chosen width
(10 or 12mm) (Lateral: 2cm, medial: lcm on
the surface of the patella). The quadriceps
tendon strip is than subperiostally elevated
from the surface of the patella.

The proximal 1.5cm of the medial patellar border
is then exposed. From the medial patella border
the prepatellar tissue is elevated towards laterally
creating a tunnel reaching the medial edge of the
graft. This is performed best with a periostial
elevator (fig. 7) ), so that anterior cortex of the
patella in the tunnel is gently abraded. A surgical
clamp is introduced into the tunnel from medial
to lateral and the graft is passed through the
tunnel (fig. 8). The graft pulled through the
tunnel should lie flat on the abraded cortex of the
patellar surface, so that fast and broad graft-to-
bone healing can be expected. The graft is then
secured to the retinaculum tissue on the medial
patellar edge by resorbable sutures (fig. 9).

Fig. 8

Fig. 10

A 1.5cm skin incision is then made over the
adductor tubercle. Starting at the patella a
curved clamp is used to create a tunnel in the
space between the vastus medialis and the
capsule. A suture loop is then pulled through
the tunnel. This loop is used later to pull the
graft towards the femoral insertion.

Under fluoroscopic guidance a 2.4mm guide
pin is drilled into the insertion of the MPFL [8].
It is directed antero-laterally to exit the femur
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on the lateral cortex well proximal to the lateral
epicondyle. If found accurate by fluoroscopy
the guide pin is overreamed with an 8mm
cannulated reamer to e depth of 30mm.

The graft is then pulled into the tunnel. The
knee is cycled 5 times with moderate tension
on the graft. Fixation is performed with an
8x28mm resorbable interference screw at
20 degrees of knee flexion.

Remark: In children with open physes the graft

can be fixed with a bone anchor or sutures alone
[10].

Postoperative Treatment

A knee brace with ROM 0-90° is used. The
patient is mobilized with 20kg partial

weightbearing for 3 weeks. Full weightbearing
as tolerated is started thereafter. Passive ROM
exercises to a maximum of 90degrees is
started thereafter immediately postoperatively.
Stationary cycling is started 6 weeks postop.
Full return to pivoting sports is between 4 and
5 months after the operation.

CONCLUSION

MPFL reconstruction using a strip of
quadricepstendon harvested subcutaneously in
the described technique has been found to
result in excellent clinical and cosmetical
results. This technique canalso berecommended
for MPFL revision surgery as well as for
treatment of patella instability in children with
open growth plates.
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INTRODUCTION

Medial patellofemoral ligament (MPFL) is an
established primary static stabilizer of lateral
patellar dislocation and its lesion labeled as
essential for acute and chronic cases of patellar
dislocation (fig. 1) [1-4]. Over the last decade,
its anatomic reconstruction in clinical patellar
instability has been studied. Combination of
MPFL reconstruction with other procedures
like tibial tubercle osteotomies and
trochleoplasties has also generated interest [5-
9]. There is no clear consensus on a single
surgical technique, graft options, fixation
methods and angle of flexion at fixation [5, 6,
10, 11]. A single, blind femoral tunnel, between
the adductor tubercle and medial epicondyle,

Fig. 1: Cadaveric Knee showing the isolated, native
Medial Patello-femoral Ligament.

with two patellar tunnels using one hamstring
tendon is currently accepted widely [12-15].

In this background, it is suitable to study MPFL
reconstruction technique using the navigation
system to record patellar kinematics on a
cadaveric model.

MATERIALS AND METHODS

The study was carried out on six normal
cadaveric knee specimens, aged between 41-60
years, two males and four females. After hip
disarticulation and subcutaneous dissection
20cm proximally, each femur was clamped and
quadriceps tendon was loaded with 60N axial
load (fig. 2). The tibia was moved manually
through 0-90 degrees of flexion with native and
then, reconstructed MPFL to record the patellar
kinematics via an imageless navigation system
(BLUIGS, Orthokey LLC, Lewes, Delaware).
The femoral insertion of the native and graft
MPFL was acquired after resection of the native
MPFL, along with the medial epicondyle.

Surgical technique for MPFL
reconstruction

A 22-25cm length of gracillis graft was
prepared using a standard harvesting technique

143



144

S. ZAFFAGNINI, P.G. NTAGIOPOULOS, D. DEJOUR, B. SHARMA-DORT, S. BIGNOZZI, N. LOPOMO, F. COLLE

Fig. 2: Experimental Setup showing frames for
navigation and axial quadriceps loading.

and 2-0 braided sutures (Vicryl) (fig. 3). The
superior 2/3" of the medial border of the patella
was exposed and freshened via sub-periosteal
dissection, without damaging the synovial
membrane. Two antero-posterior tunnels,
3.5mm wide each, were drilled short of the
patellar articular surface, l0mm below superior
patellar pole and 15mm lateral to medial
patellar pole, separated with 20mm bone in
between. These tunnels were connected in a
U-shaped tunnel, while a pulley was fashioned
in the medial retinaculum, 1cm medial to the
patella (fig. 4). After dissection of the MPFL,
the graft tunnel was positioned in the antero-
superior part of the native insertion, using a
7mm drill, over a k-wire, without violating the
lateral femoral cortex (fig. 5). The graft was
passed with suture passers, through the
U-shaped patellar tunnel, under the pulley and
into the blind femoral tunnel, when the knee
was cycled 10 times. The tension in the MPFL
was set to allow one quadrant lateral translation

Fig. 3: Picture demonstrating a MPFL graft in
position, extending from a single blind femoral
tunnel on the right to a U-tunnel on medial patella
on the left.

of the medial facet with a firm end-point, with-
out a medial tilt. The tension was maintained,
while the graft was fixed with interference
screws, in 70 degrees of knee flexion to ensure
central position in the trochlea.

Fig. 4: Schematic comparison of Native (black area)
and Graft MPFL Femoral Insertion (white area). The
graft was proximal and anterior to the MPFL
insertion.
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Fig. 5: Medial to lateral patellar translation (shift) in 3 different states of MPFL (intact/cut/reconstructed) in
different degrees of flexion. Medial translation (in mm) expressed in negative (-) values and lateral
translation expressed in positive (+) values.

Statistical Analysis

The mean + standard deviation of the femoral
insertion of the native MPFL insertion was
compared with that of the graft MPFL. The
native and graft MPFL were compared using
the non-parametric Kruskal-Wallis test in terms
of patellar tracking (p<0.05).

RESULTS

The graft femoral insertion was found to be
proximal and anterior to the geometric center
of the femoral insertion of the native MPFL
(fig. 4). While the difference was statistically
significant in proximal direction, it was not so
anteriorly. The navigation system recorded a
maximum medial shift in early flexion and
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Fig. 6: Changes of patellar tilt in 3 different states of MPFL (intact/cut/reconstructed) in different degrees
of flexion. Medial tilt expressed in negative (-) values and lateral tilt expressed in positive (+) values.
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thereafter a lateral shift (fig. 5). The variability
of patellar shift reduced between 60-90 degrees,
While there was no medial tilt in early flexion,
the lateral tilt reduced after 85 degrees of knee
flexion. After MPFL reconstruction, the patella
medial shift was restored, along with normal
patellar tilt (fig. 6). No statistically significant
difference was noted between the two states;
native MPFL and MPFL reconstruction.

DISCUSSION

Over the last decade, MPFL and its recons-
truction has gained significance in patellar
instability [16]. While its anatomy [17-19], role
in patellar instability [3, 18] and lesion in lateral
patellar dislocation [1, 2, 20, 21] has been well
established, the exact technique of its recons-
truction is still debated. The site of femoral
insertion, pre-cycling, initial tension and angle
of fixation are all debated. It has been suggested
that the effect of these variations should be
benchmarked on the basis of patellar kinematics.
The current study demonstrates how navigation
could help define not only a standard technique
of MPFL reconstruction, but also be used intra-
operatively to customize the surgery for every
patient.

One of the challenges in MPFL reconstruction
is the discrepancy between the femoral insertion
of the native MPFL and the graft. The area of
the native MPFL is much larger than the 7-8mm
cylindrical hamstring graft. Secondly, the bio-
mechanical properties of the graft and the
native MPFL are different. Added to these are
the controversies whether the MPFL is an
isometric structure or not, and its resting length
tension.

There are also concerns of excessive medial tilt
after MPFL reconstruction, given the
posteromedial orientation of the graft,
increasing the medial contact pressure in the
patello-femoral joint4. Excessive medial tilt
may compromise long term results by
exacerbating existing cartilage damage in
patellar instability [9, 18, 22-25]. Furthermore,
the femoral insertion of the original MPFL is

fan-shaped and of larger diameter than the
patellar insertion. In comparison, the hamstring
graft used is a cylindrical 7mm graft with very
different biomechanical properties from the
native MPFL. Incorrect femoral placement can
diversely affect the affect range of motion and
constraint of the graft in flexion and extension.

Therefore, the ideal MPFL reconstruction
would place the graft in an appropriate femoral
and patellar insertion, with adequate tension,
aim at an ideal patellar position that would
result in unconstrained patellar tracking
throughout the range of knee motion.

In the present study on normal cadavers,
kinematic based navigation demonstrated that
a statistically similar patellar tracking could be
reproduced. Patellar shift and tilt after MPFL
reconstruction was comparable to that with
native MPFL. The chosen femoral insertion
was in a significantly proximal and slightly
anterior end of the native MPFL insertion. The
U-shaped patellar tunnels reduce the risk of
fractures and the medial retinaculum pulley
provides a proper orientation to the graft. The
tension of graft was set in extension in such a
way to allow passive lateralization of one
quadrant of the patella in extension with a firm
endpoint, while the femoral insertion was fixed
at 70 degrees of flexion to centralize the patella
in the trochlea and to provide adequate range
of motion. The navigation system also
demonstrated the absence of an excessive
medial tilt, thus avoiding excessive contact
pressure in the medial facet of the patella.

The femoral insertion of the MPFL is more
controversial compared to the patellar insertion,
which is relatively well defined and identified.
Often a fluoroscopy is used to locate an
anatomically referenced MPFL insertion.
However, the current study illustrates the
difficulty in isolating the ideal graft femoral
insertion even within the wide native femoral
insertion. The insertion ultimately is one of the
most important factors to not just stabilize the
patella, but also maintain range of motion of
the knee and normal excursion of the patella
during the same [26, 27].
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There has been various principles proposed in
literature as related to the degree of knee flexion
and the tension in which to fix the graft MPFL.
Tensioning the graft at 20-30 degrees of flexion
is a widely used option, given that the patellar
instability occurs in this range [2], but others
chose to tension the reconstructed ligament in
greater degrees of flexion, when the patella is
more fully captured by the trochlea [2, 26]. The
authors do not recommend the traditional graft
tensioning between 20° to 30° of flexion. The
exact knee position during fixation is less
important if knee cycling and graft pre-
tensioning precede the final fixation. Testing
the lateral patellar translation in extension (in
order not to exceed 1/3 of patella width), graft
pre-tensioning, and making the femoral fixation
last in order were the key steps of the
reconstruction.

In the presence of dysplasia, a trochlea that
would not serve as a fulcrum for patella stability
in late knee flexion, is a question to be further
studied in all patients with patellar instability
that undergo MPFL reconstruction. The
findings of the previously-published manu-
scripts are based on normal knees with no
trochlear dysplasia and with no concern of
abnormal patella height. The presence of a

normal trochlear groove is a prerequisite for
the function of MPFL beyond certain degrees
of flexion. All these are key factors for the
reconstruction of MPFL, which would involve
a construct that serves its native fashion [1, 2,
26]. But in order for this to succeed, a normal
trochlear anatomy is of paramount importance,
and therefore in cases of trochlear dysplasia
(which account for 96% of the objective
patellar instability population [28]), the lack of
trochlear depth and patella containment must
be taken into account. In these cases there is a
trend towards overtensioning the graft to avoid
lateral patellar translation [22].

CONCLUSIONS

The material presented demonstrates the
potential use of navigation systems to align
patellar tracking after MPFL reconstruction to
the native state. It also identifies some key
principles that could be used for graft fixation
in the procedure. As intra-operative patellar
tracking becomes common place, with the
resolution of controversies surrounding patellar
kinematics, a customization of the proposed
MPFL reconstruction technique may be
possible in each patient.
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A PHILOSOPHY AND TECHNIQUE

FOR RECONSTRUCTION OF
THE MEDIAL PATELLOFEMORAL
LIGAMENT

PJ. ERASMUS, M. THAUNAT

PHILOSOPHY

The patella is a sesamoid bone in a soft-tissue
sleeve that originates on the anterior iliac spine
and proximal femur and inserts distally on the
tibial tubercle. The patella aligns itself in this
soft-tissue sleeve and not with the femur as
such [1]. Until the end of gestation, the form of
the patella and trochlea probably has a genetic
basis. After birth, the knee goes into full
extension and a bipedal stance develops that
results in a femoral obliquity and secondary
valgus of the extensor mechanism soft-tissue
sleeve. These epigenetic factors now determine
the position of the patella in relation to the
trochlea and probably play a major role in the
eventual shape of the patella and trochlea, both
of which develop congruent articulating
surfaces [2, 3]. There is a difference between
the bony and cartilage morphology of the
patellofemoral joint [4, 5]. This means that
congruent cartilaginous articulation may
coexist with an underlying bony incongruence.
In the last 30° of extension, the patella lies
outside the bony constraints of the trochlea and
is now dependent on soft-tissue constraints [6].
The MPFL has been shown to be the primary
stabiliser against lateral dislocation [7]. The
lateral retinaculum also has a restraining effect
against lateral dislocation of the patella [8].
Beyond 30° of flexion, patellar stability is
provided by the trochlea and the soft tissues
become less important. The exact origin of the

MPFL on the medial epicondyle is still
undecided. Steensen [9] suggests that it attaches
anterior to the epicondyle, while Smirk [10]
postulates a posterior implantation, although
some of his specimens reveal an anterior origin.
In reconstructions, we prefer an anterior
position on the epicondyle as this prevents a
windscreen-wiper effect as well as an abnormal
and sensitive prominence. In a study presented
in 1997, we were able to demonstrate that the
MPFL is non-isometric and becomes tight in
extension and lax in flexion [11] (see illus-
trations 1, 2). This position has subsequently
been confirmed by others [9, 10]. In recent
unpublished cadaver studies, we could demons-
trate that patella alta increases the non-isometry
of the MPFL.

Placing the reconstruction more proximally, on
the medial epicondyle, will result in a
reconstructed MPFL that is lax in extension
and tight in flexion, which may cause loss of
knee flexion and excessive pressure on the
medial patellar facet [12] (fig. 1). Conversely,
placing the reconstruction too distally, on the
medial epicondyle, will result in a too tight
MPFL in extension and a lax ligament in
flexion. A reconstruction that is too tight in
extension may result in an extensor lag as the
tension in the reconstructed ligament may be
more than in the patellar tendon when the
quadriceps muscles are maximally contracted
(fig. 2). In reconstructing the MPFL, the aim
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Fig. 1: Femoral position more proximal, MPFL is now more lax in extension and tighter in flexion.
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should be to create a “favourable anisometry”
in the reconstructed ligament.13 In cases of
severe patella alta, it may be impossible to
achieve a “favourable anisometry” as non-
isometry increases progressively with the
height of the patella. In these cases, a
distalisation of the patella might be necessary
to improve the isometry.

In contrastto the MPFL, the lateral retinaculum
is lax in extension and tightens in flexion [14,
15]. In nearly all patella dislocations there is
damage to the MPFL. In our own series, 70%
had damage at the patellar insertion while the
remaining 30% were damaged at the femoral
origin. In all cases, however, there was some
interstitial damage to the whole ligament.
These findings correspond with that of Garth
[17] but differ from the MRI findings of
Sallay [16].

MANAGEMENT

In the majority of patients who present with
patellar dislocation, there is underlying
pathology such as ligamentous hyperlaxity,
trochlear dysplasia and patella alta [18]. This
underlying pathology predisposes the patient to
an acute overload of the soft-tissue stabilisers
and rupture of the MPFL with patella
dislocation. Primary repair has a high failure
rate: in our own series, 31% of the cases
suffered redislocations in a four-year follow-up
period. This corresponds with the results
published by Nikku [19]. Most cases of primary
dislocations are now treated non-surgically
with a brace that allows full flexion but restricts
the last 30% of extension. By restricting full
extension, the MPFL is relaxed and may heal in
a more favourable length. In exceptional cases,
a primary reconstruction or direct repair of the
MPFL and medial retinaculum would be
considered. The principle of our repair
philosophy is to reconstruct the MPFL with
stronger tissue than before to compensate for
the underlying predisposing pathology and
without changing the original position of the
patella and its original conformity with its
underlying trochlea. The normal MPFL fails at
208N with an elasticity of 8N/mm [20]. A

double gracilis fails at 1550N with an elasticity
of 336N/mm [21]. At present, we prefer a
double gracilis graft that, although stronger
than the MPFL, is not as strong and stiff as a
double semitendinosus tendon. Pre-operative
evaluation consists of a proper clinical
examination with specific attention to dynamic
patella tracking, patella height and possible P-F
chondral damage. The contra-lateral patella is
also properly evaluated, as the principle is to
restore the injured knee to the predislocation
situation. Standard X-rays of the knee are done
including a true lateral with the quads
maximally contracted. This lateral X-ray is
used to evaluate patellar height according to
the Bernageau technique [22]. On MRI images,
the ratio described by Biedert [23] can be used.
The only surgery to be considered in addition
to a MPFL reconstruction is a distal tibial
tubercle transfer in cases of severe patella alta.

SURGICAL TECHNIQUE OF
MPFL RECONSTRUCTION

Three 3cm long incisions are made over the
gracilis tendon, over the medial edge of the
patella and over the medial femoral epicondyle
(fig. 3). The gracilis tendon is harvested with a
routine technique. At the incision over the
medial edge of the patella, an incision is made
through the second fascial layer. From here a
dissecting scissors is used to tunnel between
the second and third fascial layers towards the
medial epicondyle. At the medial epicondyle,
the second fascial layer is again incised over
the tip of the scissors (fig. 4).

A guide wire is inserted slightly proximally on
the anterior slope of the epicondyle. In the
proximal third of the medial edge of the patella,
two 3mm drill holes are made approximately
10 to 12mm apart. These drill holes should be
on the edge of the patella. Larger drill holes
and holes that go into the centre of the patella
might act as stress raisers, which can lead to a
stress fracture of the patella and should
therefore be avoided. A tape is now placed
around the guide wire at the medial epicondyle,
then between the second and third fascial layers
and through the drill holes at the medial edge of
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Fig. 3 : Skin incisions over the
gracilis, the medial patella and the
medial epicondyle.

the patella. With the knee in full extension, a
bone hook is inserted at the distal pole of the
patella. While pulling proximally on the bone
hook, in the direction of the femoral shaft, the
tape is temporary tied in the drill holes on the
patella (fig. 5). The stability of the patella is
compared with that of the opposite knee and
the length changes in the tape are observed as
the knee is flexed and extended. If the femoral
fixation point is correct the patella will be
stable in full extension. The tape should be
maximally tight at full extension and become
progressively more lax with flexion. If this
tension pattern is not seen the position of the
guide pin on the femur needs to be adjusted.
Moving the guide pin more proximally will
decrease the tension in extension and increase
the tension in flexion (fig. 1). Conversely,
moving the guide pin more distally will increase
the tension in extension and decrease tension in
flexion (fig. 2). The ideal position is where the
tape is at its tightest in extension and becomes
lax with flexion while stability of the patella is
maintained. Care should be taken to ensure that
there is more tension in the patellar tendon than
in the reconstructed MPFL. This is best

Fig. 4 : Dissecting with scissors
between the second and third
layer from the patella to the
epicondyle.

| |
i il
Fig. 5 : Pull proximally with a bone
hook on the patella and the knee
in full extension. Tension in the
patellar tendon should be more
than in the reconstructed MPFL.
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achieved by pulling the patella proximally with
the bone hook when tying the temporary tape.
When a satisfactory tension pattern, in both the
tape and patellar tendon is achieved, the guide
wire in the epicondyle is overdrilled with a
4.5mm cannulated drill. A 5mm bone anchor is
placed in the depth of the drill hole on the
femur. The loop of the double gracilis tendon is
tied into the femoral bone tunnel with the
anchor. The two free ends of the looped tendon
are now brought between the second and third
fascial layers to the exposed medial edge of the
patella and through the two 3mm drill holes on
the medial edge. The free ends of the gracilis
tendon are then folded back on themselves
(fig. 6). The reconstructed ligament is tensed in
the same manner as described above with the
testing tape. Tensing is done with the knee in
full extension while simultaneously pulling
with a bone hook on the patella, in the direction
of the femoral shaft. This manoeuvre prevents
over-tensing of the reconstructed MPFL.
Excessive tension in the reconstructed
ligament can lead to an extensor lag. This
happens when the tension in this reconstructed
ligament is more than in the patellar tendon
with the knee locked in full extension by
maximum quadriceps contraction.

Fig. 6 : 5mm bone anchor anterior to the medial
epicondyle. Two 3mm drill holes through the medial
patellar rim.

After tensing, the medial and lateral movement
of the operated patella should be similar to that
of the contralateral patella, the idea being to
restore stability to the pre-dislocation situation.
We suggested draping both knees to allow intra-
operative comparison of the patellar movement.
Once the tensing is satisfactory, the free end of
the folded back tendon is sutured to itself and
the surrounding soft tissue with non-absorbable
material (fig. 7). Postoperatively, immediate
full passive motion is encouraged. Active
flexion and light isometric quadriceps exercises
are done. For the first 4 weeks postoperatively
the patient is mobilised partially weight-
bearing, using two crutches. After 4 weeks, the
crutches are discarded and intensive quadriceps
rehabilitation starts. Quadriceps rehabilitation
is often prolonged and can take up to 6 months
or even longer. Normal sports activities can be
resumed as soon as full quadriceps rehabilitation
is achieved.

Fig. 7 : Reconstructed MPFL from
the medial epicondyle to the medial
patella.
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LA BALLONISATION DU TUNNEL

FEMORAL APRES
RECONSTRUCTION DU LIGAMENT
FEMORO-PATELLAIRE MEDIAL

J.B. BERARD, S. OZCAN, G. DEMEY,
S. LUSTIG, P. NEYRET, E. SERVIEN

INTRODUCTION

En cas de luxation récidivante de la rotule,
l'instabilité est le principal symptome nécessi-
tant une intervention chirurgicale. Différentes
procédures chirurgicales peuvent étre envisa-
gées : les interventions osseuses [1, 2, 3] (tro-
chléoplastie, ostéotomie de la tubérosité tibiale
antérieure) et/ou les interventions sur les tissus
mous [4, 5] (section de ’aileron externe, plas-
tie du vaste médial, reconstruction du ligament
médio-patellaire fémoral [MPFL]). Depuis
quelques années, la reconstruction du MPFL
est devenue le geste chirurgical de premiere in-
tention, isolé ou non. Il a été clairement dé-
montré que le MPFL est la structure anatomi-
que la plus souvent touchée apres une luxation
rotulienne [6, 7] et son rdle stabilisateur dans
les premiers degrés de flexion a été largement
étudié. Son role est primordial dans les pre-
miers degrés de flexion puisqu’il va diriger la
patella médialement a I’entrée de la trochlée. I1
se détend alors, vers 20° de flexion, dans une
trochlée normale. La stabilisation patellaire est
alors assurée par le vastus médialis et la
congruence trochléenne. Deux théories prédo-
minent : la recherche d’une isométrie la plus
parfaite possible [8] et la théorie de I’anisomé-
trie favorable ou le ligament est tendu en posi-
tion d’extension et se détend avec la flexion
[9]. Dans les deux cas, la tension appliquée au
ligament ne doit pas augmenter en flexion ce

qui laisse libre le travail de récupération pré-
coce des amplitudes articulaires.

Plusieurs techniques de reconstruction du
MPFL ont été décrites avec des résultats clini-
ques encourageants. De nombreuses techniques
utilisent un tunnel fémoral pour la fixation du
greffon [7, 10-16].

Grace a notre expérience [17], nous avons noté
qu’il existait parfois, au cours du suivi radiolo-
gique postopératoire, un élargissement du tun-
nel fémoral, appelé “ballonisation”.

De la méme fagon qu’il a été décrit un élargis-
sement du tunnel osseux dans la reconstruction
du LCA [18-20], nous pensons qu’il existe pour
le MPFL, des causes mécaniques et biologiques
[21] pouvant expliquer cette ballonisation.

Le but de ce travail était de déterminer 1’inci-
dence de la ballonisation dans notre série pros-
pective de reconstruction du MPFL, et de re-
chercher les causes mécaniques influencant
I’isométrie du MPFL.

MATERIEL ET METHODES

Entre 2005 et 2010, 66 patients ont été opérés
pour luxation récidivante de la rotule de pre-
micre intention. Les critéres d’exclusion étaient
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les chirurgies itératives du genou, les gestes as-
sociés autres que la transposition de la tubéro-
sité tibiale antérieure (TTA) et les causes neu-
rologiques.

La série prospective comportait 51 patients,
soit un total de 55 genoux opérés (26 genoux
gauches et 29 genoux droits).

Il y avait 37 femmes et 14 hommes (sex ratio :
2,6/1).

39 interventions ont consisté en une recons-
truction isolée du MPFL et 16 en une recons-
truction du MPFL + transposition de TTA.

Analyse préopératoire

Tous les patients avaient en préopératoire des
radiographies de face en charge et de profil
strict a 15° de flexion, ainsi que des vues axia-
les de rotules et un scanner du genou en exten-
sion selon un protocole identique.

Tous les patients remplissaient le score
International Knee Documentation Committee
(IKDC) subjectif [22, 23].

Les items analysés en préopératoire étaient :

- Pour la clinique : 1’age, I’indice de masse
corporel (BMI)

- Pour le score fonctionnel : I’'1IKDC subjectif

- Pour I'imagerie : la TA-GT sur le scanner, le
stade de dysplasie de trochlée et I’index de
Caton-Deschamps [24] sur la radio de profil.

La dysplasie trochléenne était classée en 4 gra-
des selon la classification de D. Dejour [25].

Technique chirurgicale de
reconstruction du MPFL

La technique chirurgicale consistait en une
arthroscopie premiere a la recherche de Iésions
associées (cartilage) et pour I’évaluation de la
course rotulienne.

Le prélévement du tendon du gracilis était effec-
tué a I’aide d’un stripper, puis replié sur lui-mé-
me autour d’un fil tracteur et suturé sur 2 cm.

Deux tunnels rotuliens étaient réalisés a la me-
che 3,2 mm puis 4,5 mm dans le tiers proximal
de la rotule par un point d’entrée médial et un
orifice de sortie a la face antérieure distant de 8
a 10 mm.

Le tunnel fémoral borgne était réalisé avec une
meche d’un diametre de 7 mm et mesurait 25 a
30 mm.

Le greffon était alors tracté dans le tunnel grace
au fil passé dans le chas de la broche et fixé par
une vis d’interférence résorbable de diamétre
7 mm.

Les extrémités du greffon étaient glissées dans
le plan de clivage sus-capsulaire et récupérées
par I’incision rotulienne ou ils passaient dans
les tunnels et étaient suturés sur eux-mémes : la
rotule devait étre centrée lorsque la suture était
réalisée, de manicre a obtenir une bonne ten-
sion du greffon. La rotule devait rester mobili-
sable mais non luxable. Cette suture était réali-
sée a 30° de flexion du genou.

Dans le cas ou I’index de Caton-Deschamps
était supérieur a 1,2, un abaissement de TTA
était réalisé dans le méme temps opératoire que
le MPFL.

Analyse postopératoire

Les patients étaient revus a 45 jours, 6 mois et
1 an avec radio de face et de profil strict puis
tous les deux ans.

Les patients remplissaient un score IKDC sub-
jectifa 1 an.

Sur les radios de profil a 1 an, le tunnel fémoral
était analysé. Deux mesures étaient rapportées :
la mesure verticale du rayon du tunnel qui est
effectuée dans I’axe de la diaphyse fémorale et
la mesure horizontale du rayon du tunnel, per-
pendiculaire a I’axe de la diaphyse (fig. 1).
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Fig. 1: Mesure du rayon vertical
et horizontal du tunnel fémoral

Le positionnement des tunnels était analysé se-
lon la méthode de Schéttle [26], modifié par
Servien [17] : le tunnel était considéré comme
mal positionné s’il était situé a plus de 7 mm
(fig. 2) de n’importe quelle partie du point de
Schéttle (centre anatomique du MPFL natif).

Fig. 2 : Exemple de malposition du tunnel fémoral

Les mesures ont été effectuées par deux obser-
vateurs indépendants et comparées.

L’aire du tunnel a été calculée pour chaque ra-
diographie selon la formule n*r? afin de déter-
miner le groupe des tunnels “normaux” et le
groupe des tunnels “ballonisés”.

L’aire théorique du tunnel a été calculée en
fonction du diamétre de la méche et de la vis
d’interférence : w*r*r = 38,5 mm>.

L’analyse de I’aire du tunnel a permis de diff¢-
rencier deux groupes : celui des tunnels nor-
maux ou I’aire du tunnel mesurée est inférieure
a 2 X aire théorique et celui des tunnels bal-
lonisés ou I’aire est supérieure a 2 X 1’aire
théorique.

Analyse statistique

Les items ont été comparés entre les deux grou-
pes (moyenne, valeurs minimales et maximales
et écart type selon Pearson) et un test de Student
a distribution unilatérale sur les deux popula-
tions hétéroscédastiques a ¢té réalisé a 1’aide
du logiciel Excel. La différence était statisti-
quement significative pour P < 0,05.

RESULTATS
Série générale

L’age moyen a I’intervention était de 24,2 ans
(13 - 60,5 ans).

Le BMI moyen des patients a I’intervention était
de 22,5 kg/m? (17 a 33,8 ; Ecart type a 3,2).

La répartition de dysplasie de trochlée selon D.
Dejour était de : 14 au stade A, 22 au stade B,
13 au stade C et 3 au stade D. Trois trochlées
n’étaient pas dysplasiques.

L’index de Caton-Deschamps moyen était de
1,1 (0,6 a1,5; Ecart type a 0,17).

L’IKDC subjectif préopératoire moyen était de
56 (23 a 80 ; Ecart type a 13) et postopératoire
de 76 (28 a 98 ; Ecart type a 14).

La moyenne de suivi était de 25,4 mois (12 -
64 mois).

1l y avait 32 genoux avec tunnel non ballonisé
et 23 genoux avec tunnel ballonisé.
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Groupe non ballonisé

La hauteur rotulienne était normale dans 72 %
des cas, soit 23 genoux et il y avait 28 % de
rotules hautes, soit 9 genoux.

La moyenne de I'IKDC postopératoire était de
76 (28 a 97 ; Ecart type a 15,4).

I1'y avait 66 % de tunnels bien positionnés, soit
21 genoux et 34 % de tunnels mal positionnés,
soit 11 genoux.

Groupe ballonisé

La hauteur rotulienne était normale dans 48 %
des cas, soit 11 genoux et il y avait 52 % de
rotules hautes, soit 12 genoux.

La moyenne de I'IKDC postopératoire était de
76 (50 2 98 ; Ecart type a 13).

I1'y avait 56 % de tunnels bien positionnés, soit

13 genoux et 44 % de tunnels mal positionnés,
soit 10 genoux.

Comparaison

Nous avons retrouvé plus de rotules hautes
dans le groupe ballonisé (52 % ; n=12) que

dans le groupe non-ballonisé (28 % ; n=9) de
fagon statistiquement significative (p=0,03).

Le score IKDC postopératoire était identique
dans les deux groupes : 76 pour les non ballo-
nisés et pour les ballonisés (p=0,43).

Dans le groupe ballonisé, nous avons retrouvé
plus de tunnels mal positionnés (44 % ; n=10)
que dans le groupe non ballonisé (34 % ; n=11)
de fagon significative (p=0,05).

Il n’y avait aucune corrélation liée au poids
(p=0,17) ou a I’age (p=0,28) entre les patients
des deux groupes. Il n’y avait pas de corrélation
sur la répartition des dysplasies de trochlée entre
le groupe ballonisé et non ballonisé (p=0,11).

DISCUSSION
Série générale

Sur le plan thérapeutique, la reconstruction du
MPFL est une intervention efficace (aucune
luxation n’est survenue en postopératoire au
recul actuel) et intéressante sur le plan fonc-
tionnel (IKDC passant de 56 de moyenne en
préopératoire a 76 en postopératoire).

Tableau 1 : Récapitulatif de la comparaison entre les deux groupes

Moyenne Groupe non ballonisé Groupe ballonisé P value
Stade 0:6,25 % Stade 0:4 % p=0,11
Stade A: 34,3 % Stade A: 13 %
Dysplasie de trochlée Stade B :37,5 % Stade B:43 %
Stade C: 21,8 % Stade C: 26 %
Stade D: 0 % Stade D: 13 %
<1,2:72% <1,2:48% _
Index Caton-Deschamps 51.2:28 % 51252 % p=0,03
Score IKDC post-op 76 76 p=0,43
. Bon: 66 % Bon : 56 %
Positionnement tunnel Mauvais : 34 % Mauvais : 44 % p=0,05
BMI (Kg/m?) 21,8 23,2 p=0,17
Age (ans) 25 24 p=0,28
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La ballonisation

11 a été retrouvé significativement plus de bal-
lonisation du tunnel fémoral chez les patients
avec une rotule haute et une malposition du
tunnel, ce qui semble étre en faveur d’une cau-
se mécanique. Les situations ou le transplant
est trop tendu (rotule haute et/ou tunnel trop
distal ou trop postérieur) peuvent étre a 1’ori-
gine d’une anisométrie franche [9].

Données de la littérature

L’¢largissement des tunnels osseux dans le ca-
dre de la reconstruction du ligament croisé
antérieur (LCA) a été bien étudié¢ sur le plan
biomécanique [15-17] et biologique [27, 28]
et il paraitrait dangereux d’extrapoler ces
concepts a I’identique pour la reconstruction
du MPFL sans les avoir scientifiquement vali-
dés. Cependant, ces précédents travaux nous

donnent une idée des études a réaliser pour ex-
pliquer ce phénomeéne.

1l s’agit, a notre connaissance, de la seule étude
portant sur la ballonisation du tunnel fémoral
dans la reconstruction du MPFL, sur une série
prospective de patients.

L’étude était unicentrique avec une technique
chirurgicale bien conduite et superposable d’un
opérateur a 1’autre.

CONCLUSION

La ballonisation du tunnel fémoral dans la re-
construction du MPFL est un phénomeéne fré-
quent qui se voit plus souvent en cas de rotule
haute et/ou de malposition du tunnel fémoral.
Cependant, cela n’affecte pas le score IKDC et
ne provoque pas de luxation itérative de rotule,
au recul minimum de 1 an.
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COMPLICATIONS AFTER MPFL
RECONSTRUCTION

PJ. ERASMUS, M. THAUNAT

INTRODUCTION

Similar to other ligamentous reconstructions,
around the knee, MPFL reconstructions can
lead to complications. These complications
relates to a lack understanding of the biome-
chanics of the MPFL ligament and technical
errors made during the reconstruction.

BIOMECHANICS OF THE
MPFL

The MPFL should be seen as a check rein in
preventing abnormal lateral movement of the
patella, at and near full extension; it is not
suppose to pull the patella medially and is of no
importance once the patella has engaged the
trochlea [15].

In the literature, on reconstruction of the MPFL,
most authors suggest that the reconstructed
ligament should be isometric. So called most
isometric points [25, 27] for the reconstruction
have been suggested.

However in measurements of the normal length
changes in the MPFL it has repeatedly been
shown to be a non isometric ligament [25, 29].
According to Steensen there is a 5.4mm length
change from 0° to 90° of flexion and an average

of 7.2mm length change from 0° to 120°. It is
important to realize that the MPFL is a non
isometric ligament that is at it’s tightest at full
extension and becomes more lax with flexion,
as the patella engages into the trochlea [15].
Victor [33] confirmed the non isometry of the
MPFL and has suggested that there is a
difference in the non isometry of the proximal
and distal fibres of the MPFL; the proximal
fibres are at their tightest at full extension and
the distal at 30° of flexion. In cadaveric studies
it was shown that an anatomic MPFL
reconstruction will restore patella kinematics
better than an isometric reconstruction [22].
The position of the reconstructed ligament on
the patella has very little effect on the isometry
of the ligament. In contrast the position on the
femur has a major effect on the on the isometry
of the ligament. A more distal position increases
tightness in extension and laxity in flexion;
conversely a more proximal position results in
a graft that is lax in extension and tight in
flexion (fig. 1).

In nearly all patella dislocations there is
underlying causes like patella alta, trochlear
dysplasia, ligamentous hyper laxity, etc. that
predisposes the patient to a patella dislocation.
Patella alta seems to be the most constant
predisposing factor in patella dislocation [16]
Patella height has an influence on the isometry
of the MPFL, the higher the patella the bigger
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Fig. 1: A proximal position on the femur will result in a graft that is loose in extension
and tight in flexion, conversely a distal femoral position will result in a graft that is

tight in extension and loose in flexion.

the non isometry of the ligament. In unpu-
blished cadaveric experiments we found that
that the average length changes in the MPFL
from 0°-90° was 4mm. If the tibial tubercle
was moved 10mm proximally the average
change was 6mm.

When the tubercle was moved 10mm distally
the average length change was only 3mm [9].
Considering this increase in non isometry with
patella alta the distance, at full extension, from
the origin of the MPFL on the medial femoral
condyle to its insertion on the patella, with the
quads fully contracted, is important in planning
surgery. At present there is no specific way to
measure this distance. The most commonly
used measurements for the patella height like
Caton — Deschamps, Blackburne — Peel and
Insall — Salvati measures patella height in
relation to the tibia. What is however more
important is the height of the patella in relation
to the superior border of the trochlea as
suggested by Bernageau [3] on X-rays and
Biederton MRI’s [4, 1]. Patella alta is associated
with a long patella tendon and patella tendon
length is more sensitive than Caton-Deschamps
index for patella instability [21]?

In reconstructing the ligament the aim should
be to use a ligament that is stronger than the
original to compensate for the underlying
predisposing  factors. The reconstructed
ligament should duplicate the non isometry.

The aim of the reconstruction should be to
create a ‘“favourable anisometry” [29] that
duplicates that of the original ligament before
injury. Failure to create favourable non isometry
can lead to redislocation, extensor lag and loss
of flexion. Loss of flexion will also lead to
overload in the patella femoral joint especially
in the medial facet with flexion.

COMPLICATIONS

Loss of motion

In the long term follow up in our series of more
than 200 MPFL reconstructions, done from
1995 till 2008, extensor lag, with full passive
extension and no loss of flexion was the most
common complication. There was no long term
loss of flexion. Not with standing loss of motion




COMPLICATIONS AFTER MPFL RECONSTRUCTION

these patients still had an average Kujala score
0f'92.7 (72-100) indicating that this score is not
sensitive to a minor extensor lag. Smith et al.
[26] did a comprehensive literature research on
the clinical and radiological results of MPFL
reconstructions. They could only find eight
papers, involving 186 MPFL reconstructions,
which met the criteria of their scoring system.
In only two of these eight papers did the authors
report on the post operative range of motion
and in both there were loss of flexion compared
to the non operated leg. None reported on loss
of active knee extension or extensor lag. Only
one paper, in this review, reported on quadriceps
atrophy with an incidence of 60% not
withstanding a mean Kujala score of 88.6 [7].
Loss of motion after an MPFL reconstruction is
directly related to the tension in the
reconstructed ligament. If it is too tight in
extension (femoral insertion too distal) there
will be an extensor lag although passive full
extension will not be affected. If it is too tight
in flexion (femoral insertion too proximal)
there will be loss of flexion both passive and
active; in this situation the patella might still be
unstable in extension.

Both the gracilis and semitendinosis tendons,
generally used, for reconstructing the MPFL is
stronger and stiffer than the original MPFL
[20]. The strength is a positive factor consi-
dering the underlying predisposing factors
leading to the first dislocation. The stiffness on
the other hand can theoretically lead to overload
in the P-F joint especially in cases where the
reconstructed MPFL is not in the optimal
position.

In our technique of MPFL reconstruction we
try to recreate the normal non isometry of the
ligament so called “favourable anisometry”
[29].

This creates a ligament that is tight in extension
and lax in flexion. There is however the danger
that the ligament can be too tight in extension
resulting in an extensor lag. Post operative
quadriceps inhibition is very common and
should be distinguished from a permanent
extensor lag as a result of an over tight MPFL
reconstruction. At 3 months post operative

follow-up there was on average a 4° (5°-15°)
extensor lag, probably as a result of quads
inhibition, in 45% of our patients. This extensor
lag was however temporary and over the long
term only 4 out of the more than 200 cases had
permanent loss of active full extension which
was caused by an over tight reconstruction in
extension [27].

Elias [8] has shown experimentally that a too
proximal placed femoral position for the MPLF
graft will lead to increased patello femoral load
with potential overload of the articular surface
in the P-F joint. Loss of both active and passive
flexion will also be associated with this. In
techniques where the aim is to have an isometric
reconstructed MPFL, the danger of a having a
ligament that is too tight in flexion is increased.
Femoral insertions near or at the adductor
tubercle, although advocated by some authors,
should be avoided as this will lead to
reconstruction that is too tight in flexion and
too loose in extension [25, 27, 23].

In prevention of motion loss complications
special attention should be given to the
technique of determining the tension in the
reconstructed ligament. Beck showed [2] that
overtensioning can be avoided by applying low
loads to medial patellofemoral ligament recons-
tructions, which reestablished normal transla-
tion and patellofemoral contact pressures. The
aim of the MPFL reconstruction should be to
restore the tension in the MPFL to the same
tension that it had before being torn with a graft
that is stronger than the original ligament. If the
patella of the opposite knee is stable the amount
of transverse patella movement in the
reconstructed patella should be similar to that
of the uninjured knee. This can be achieved
intra operatively by draping both knees and
comparing the amount of transverse movement.
Fithian [13] advises adjusting the graft tension
in such a way that a 5 1b displacing force result
in 7-9mm of lateral displacement of the patella
We recommend that the isometry of the
ligament should be tested till the “favourable
anisometric point” is found by, using a guide
pin in the proposed femoral implantation site.
The “favourable anisometric point” would be a
point where the reconstructed ligament will be
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tight in extension end lax in flexion. It is further
recommended that the ligament should be
tightened in full extension, pulling proximally
on the patella with a bone hook in the direction
of the anterior superior iliac spine in order to
ensure that, with maximum quads contraction,
there will be more tension in the patellar tendon
than in the reconstructed MPFL (fig. 2). In
cases of severe patella alta a distal tibial
tubercle transfer should be considered as this
will decrease the non isometry of the
reconstruction allowing easier and more precise
tensioning of the reconstructed ligament [9]
(fig. 3). We will consider a distal tubercle
transfer where the Bernageau measurement is
more than 8mm or the patella tendon length
more is than 60mm, especially if this combined
with a clinically marked positive J-Sign. A
distal transfer of as little as 6mm is usually
adequate in these cases. Other authors have
recommended  different techniques for
tensioning the reconstructed MPFL. The most
popular being to tension the ligament between

L]
]

Fig. 2 : Tensioning the MPFL
graftin full extension ensuring
that the tension in the recons-
truction is less than in the
patellar tendon.

30° to 60° of flexion when the patella is already
centred in the trochlea [5, 20, 6]. The major
length changes in the MPFL happens after 30°
of flexion [25, 29] and considering this
tensioning the ligament in early flexion should
prevent over tensioning provided that, on the
femur, the correct non isometric point have
been selected.

Post operative quadriceps inhibition, although
temporary, can result in an increased rehabili-
tation period and a late return to sporting
activities.

Drez [7] reported quadriceps atrophy in more
than 50% of his patients at an average follow
up of 31.5 months (24-43).

In an effort to combat this we start the patients
on isometric quads contraction program
preoperatively. Post operatively no braces are
used and immediate active and passive full
range of motion is encouraged.

Fig. 3 : Distalization of the tibial tubercle combined with a MPFL
reconstruction.
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Isometric quadriceps exercises are continued.
Full weight bearing, with the support of one or
two crutches, as necessary, is allowed). In our
follow up of 22 patients at average 29 months
(8-65) the difference in the side to side upper
leg circumference, 15c¢m above the knee, was
only 0.19cm (0-1.5c¢m) [9].

Should loss of motion persist for longer than 9
months, after an MPFL reconstruction, we
would recommend a percutaneus sequential
fish scale type of tenotomy, near the implantation
of the ligament on the patella, till full range of
motion is restored [31].

Fractures

In our series we only had had three
redislocations, all associated with fractures of
the medial rim of the patella [30]. In all these
patients the fracture occurred with a definitive
injury; in two this happened in contact sport,
one in soccer and the other in rugby football.

The third patient sustained a redislocation
when she fell off a chair trying to replace a
fused light bulb. The fractures occurred
respectively 2, 5 and 10 years after the initial
surgery. In our reconstructing technique two 3
-3.5mm drill holes, 10mm apart, are made on
the medial edge of the patella exiting the
anterior cortex approximately 10mm from the
medial edge. These fractures were similar to
that seen in acute primary patelladislocations
[32]. A gracilis outograft was used for
reconstructing the ligament.

This reconstructed ligament is stronger than
the original MPFL and as the underlying
predisposing factors have not been addressed
there will, at times, be high strain on the
ligament. This can result in a patella fracture
through the drill holes which acts as stress
raisers. In all three cases the fracture involved
not more than the lcm of the medial patella

(fig. 4).

The fractures were reduced and fixed with
screws all resulting in a stable patella with no
longstanding sequel from the fractures.

Fig. 4 : Redislocation after MPFL reconstruction
with a fracture of the medial rim reattached with a
screw and washer.

Mikashima [17] reported two fractures in
12 knees. A single transverse drill hole, of
4.5mm was done from medial to lateral through
the patella.

These fractures all occurred within 6 weeks
from the surgery resulting in a nearly 16%
incidence of fractures. Both Christiansen [5]
using two 4.5mm and Gomes using a single
7mm [14] transverse drill holes, reported non
traumatic patella fractures. It is possible that
too large drill holes increase the possibility of a
fracture especially when they transverse the
patella. Fractures of the medial rim of the
patella usually do not involve the articular
surface of the patella and is relatively easy to
treat in contrast transverse fractures which
always involve the articular surface of the
patella and in most cases there is a disruption of
the cortex which makes it more serious and an
anatomical reduction difficult (fig. 5).
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Fig. 5 : Tranverse patella fracture secondary to
transverse drill hole for MPFL reconstruction.

It has to be expected that drill holes in the
patella will act as stress raisers and might
therefore predispose to fractures. Keeping this
in mind the size and position of the hole should
be carefully considered. Holes larger than
3.5mm should probably be avoided. Transverse
drill holes through the patella will result in
more serious fractures then drill holes through
the medial rim.

Redislocations

Redislocations seems to be rare, in the
literature it varies between 0-4% [5, 7, 24]. In
our series there were only three redislocations
all three associated with a fracture of the
medial rim of the patella. In Smith’s [26]
review article there was only two post
reconstruction patella dislocations or sub-
luxations in 186 knees; in five patients there
were a positive apprehension sign.

Localized tenderness

Localized tenderness in the region of the medial
epicondyle related to either the graft or the
internal fixation used can be an irritating
complication. Nomura [20] reported an
incidence of 40% as a result of using a staple
for fixation just distal to the adductor tubercle.
Christiansen [5] reported 50% tenderness over
the medial epicondyle Steiner [28] had to
remove irritating screws in 10% of his
patientsWe [10] use a deep seated bone anchor
on the medial femur and had a 6% incidence of
mild localized tenderness at the exit of the
graft; no surgical intervention was necessary
for this.

P-F degeneration

In a average 7 (4.4-9.3) year follow-up of our
first 29 patients [10] the Tegner (5.8) Lysholm
(88.5) and IKDC (81) scores were statistically
unchanged at 3,5 and 7 years follow-up. P-F
cartilage damage at the time of the MPFL
reconstruction had a negative effect on the
Lysholm score but no effect on the Tegner and
IKDC scores. In a 29 month follow-up in a
consecutive group of isolated MPFL
reconstructions in 22 of our patients [9] there
was no statistical correlation between the
Kujala score; trochlea dysplasia and Caton
Deschamps index. There was a weak
correlation between a lower score; patella
tendon length and Bernageau measurement of
patella height. There was however a statistical
significant correlation between P-F degenera-
tion at the time of the reconstruction and a low
Kujala score.

It does seem that development or even
progression of P-F degeneration might be
prevented or at least stalled by an isolated
MPFL reconstruction. Nomura, in a 12 year
follow up, came to the same conclusion [20].
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CONCLUSIONS

MPFL reconstructions seem to give good result
with few complications not withstanding the
varied techniques described in the literature.
There is however certain principles that should
be adhered to prevent complications. The
reconstructed ligament should be tight in
extension and lax in flexion. In cases of severe
patella alta a distalization osteotomy of the
tibial tubercle should be considered to improve
the non isometry of the MPFL. The ligament
should be tensioned in such a way that with
maximum quadriceps contraction the tension
in the patellar tendon should be more than the
tension in the reconstructed ligament to prevent
a permanent extensor lag.

Drill holes through the patella should be as
small as possible preferably not exceeding

3.5mm. These drill holes should be made
through the medial rim of the patella. Transverse
drill holes through the patella should be avoided
to prevent the possibility of transverse fractures
through the patella.

Prominence of the reconstructed graft or
fixation material over the medial condyle will
lead to localized tenderness over this area
which can be annoying to the patient and is
easily avoided by using non prominent fixation
devices.

There seems to be no progression in P-F
degeneration in follow up periods of 7 to
12 years. However, patella degeneration at the
time of the MPFL reconstruction will have a
negative effect on the functional result.
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THE HISTORY OF THE TROCHLEAR
DYSPLASIA IN PATELLA
DISLOCATION

D. DEJOUR, P.G. NTAGIOPOULOS

Patellofemoral disorders are a transversal link
in knee pathologies. They present with a wide
range of symptoms from pain and feeling of
instability to documented episodes of true
patellar dislocation. This special pathology
gives symptoms from childhood and
adolescence with a high-demand in sports
activities to the degenerative arthritic knee.
One of the least understood pathologies in an
otherwise thoroughly studied knee joint is
patellar dislocation. Patients with recurrent
patellar dislocation experience a disabling
everyday life, are predisposed to future
patellofemoral arthritis and the causes of
dislocation and arthritis seem to overlap [1-3].
A huge volume of surgical and bibliographic
interest on the treatment of this disease has
enriched the orthopedic literature. In the last
decades the surgeons’ arsenal gained new
techniques on both soft-tissue and bony
surgeries. But even after many different
operations on these patients, there is still a
small subgroup of this population with near-to-
normal knee kinematics or even unsatisfactory
post-operative results [3]. This is probably
attributed to the multifactorial cause of patellar
dislocation and the inability to provide to all of
these patients a definitive treatment with the
present techniques [1, 3].

The causes of patellar dislocation include bony
abnormalities, soft-tissue trauma or even anato-

mical abnormalities and impaired function of
the surrounding musculature [1, 3, 4]. Although
patellar dislocation leads to deficiency of the
medial patellofemoral ligament (MPFL), the
medial patellomeniscal ligament (MPML) and
the medial patellotibial ligament (MPTL) [5],
whose chief role in patellar stability is clear [3,
6, 7], the principal causes of dislocation are
osseous anomalies [4]. Their importance lies
on the fact that patellar dislocation has been
associated with threshold values of their normal
anatomy, and therefore the amount for their
surgical correction has been identified [4, 8].
MPFL rupture or elongation is the consequence
of patellar dislocation, while the basic causes
of patellar dislocation are anatomic anomalies
such as trochlea dysplasia, patella alta and
extensor mechanism malalignment [3, 4, 8-11].
All of them have to be well identified in order
to correct the primitive anatomic anomalies
and to repair the consequence of patellar
dislocation.

Regardless of the age of onset or the pattern
(permanent, habitual or recurrent) of patellar
dislocation, four main anatomic anomalies with
statistical thresholds have been identified in
this population since 1987 [12]: trochlear
dysplasia, patella alta, excessive trochlear
groove-tibial tuberosity distance (TT-TG) and
excessive lateral patellar tilt are the underlying
key factors predisposing to instability [4].




170

D. DEJOUR, P.G. NTAGIOPOULOS

Trochlear dysplasia (roots from the Greek
words “dys-": mal- and “plasis”: creation
[13]) is a developmental condition in which the
femoral trochlea lacks of its normal and
sophisticated concave anatomy, that is
absolutely necessary to engage the patella, and
instead, it becomes shallow, flat or even convex.
According to A. Amis [14], who published the
first biomechanical results on patellar instability
in trochlear dysplasia and the efficacy of
trochleoplasty procedures, it is recognized that
the mediolateral flattening of the anterior
surface of the trochlear facets results
predominantly from an excess of bone centrally
in the groove. In its major pattern it forms a
supratrochlear prominence or “bump’ anterior
to the shaft of the femur, which the patella has
to override when the knee starts to flex in order
to engage in the groove for the remaining
degrees of flexion. Amis et al. showed that
simulated trochlear dysplasia led to significant
reduction in lateral stability and that by re-
creating a deep trochlear groove with a
deepening trochleoplasty procedure, lateral
stability increased significantly similarly to the
intact knee [14].

The genetic and primitive origin of trochlear
dysplasia and its familiar occurrence have
been shown by C. Tardieu and J.L. Jouve.
There is evidence that the asymmetrical
trochlear shape in adults exists in the foetus
since the third trimester of pregnancy,
something that could prove the genetic roots of
trochlear dysplasia [15, 16]. The shape of the
articular trochlea is variable in mammals
depending on their type of locomotion:
unguligrade, digitigrade or plantigrade [17].
The asymmetrical ingression of the patella into
the normal trochlea is a characteristic of the
modern man. Christine Tardieu’s extensive
anthropomorphometric studies on this field
have showed that the femoral valgus angle, the
femoral bicondylar angle and the morphology
of the normal trochlea and its articulation with
the patella are not present in prime mammals
or non-walking children and are the result of
human erect stance and bipedalism [17-19].
These anatomic characteristics of the trochlea
could have been integrated into the genome
during the course of evolution [17, 20].

According to Tardieu, the oblique angle of the
femur is the major feature, which initiated the
later modifications of the patellofemoral joint
that over 3 million years before, were never
inscribed in the human genome. The elevated
lateral femoral facet and the deep trochlear
groove are features that “were first acquired,
then once selected, genetically assimilated,
and now appear on the foetal cartilaginous

epiphysis” [17].

It is surprising that the origin of the study on
the abnormal trochlear shape in patellar
dislocation starts more than 200 years ago in
Europe. Although the term ‘dysplasia’ was not
originally used, the earliest reference on this
condition can be attributed to Richerand in
1802. According to Isermeyer [21], Richerand
made the very first description of the abnormal
morphology of the trochlear groove and the
lateral femoral facet in paediatric patients with
patellar dislocation. The interest on the
abnormal trochlear shape in (mainly)
congenital patellar dislocation is also
documented in the works of B. Pollard in 1891
[22] and D. Drew in 1908 [23], who focused
on the effects of a “possibly congenital”
reduced lateral facet height on improper
patellar engagement and lateral patellar
dislocation, and even attempted to surgically
create a new groove for the patella. According
to S. Donell and C. Hing [24], in 1914, J.
Murphy also considered the shallow trochlear
groove as a cause for patellar dislocation, and
he performed a similar surgical correction by
burring the groove and adding fat tissue
between the patella and the femur to reduce
scarring and adhesions by the exposed
cancellous bone [25]. The next year, in 1915,
Fred H. Albee from the “New York
Postgraduate Medical School Clinic”, was the
first who tried to surgically correct trochlear
dysplasia properly with his pioneer procedure:
the lateral facet elevating trochleoplasty
(fig. 1) [26]. This was a completely opposite
concept and it included adding a bone graft
under the lateral facet in order to augment the
required mechanical block for a pathological
lateral patellar translation. This procedure
gained, for a period of time, overseas attraction
mostly in the U.K. and less in France.
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Fig. 1: The lateral facet elevating trochleoplasty
proposed by Albee.

It took almost 50 years, for a more meticulous
study on the anatomic characteristics of the
patients with instability by H. Brattstrom, a
paediatric orthopaedist from Osterliden in
Sweden with a strong interest in rheumatologic
conditions, who focused on the reduced height
of the lateral trochlear facet in children. He was
the first to publish, in 1964, a study on trochlear
dysplasia on axial knee X-rays at 30° of flexion
and described it as a flattening of the trochlear
groove [27]. This was the first large-scale study
on the anatomy of the trochlea, the depth of the
groove and the height of the lateral facet was
described in patients with patellar dislocation,
but without notion of pathologic threshold
value. He discovered three types of trochlear
dysplasia: 1) hypoplasia of the medial femoral
condyle which is the most frequent type, 2)
aplasia of the medial condyle and
3) total dysplasia of both condyles
with a flat or convex distal femoral
trochlea. At that time, there was a
growing interest in  many
European centers, where surgeons
believed that the flattened
trochlear groove was a major
factor in patellar dislocation [10].
Then, a more drastic concept of
surgically correcting the dysplasia
was proposed by a french surgeon
from Paris Y. Masse in 1978, who
focused on a technique to remodel
the trochlea without injuring its
cartilage [28] in which the goal

posteriorly with an impactor, but with no
consideration on the medial or lateral facet.

It wasn’t until 1985, that the Belgians
radiologists B. Maldague and J. Malghem
focused on the study of trochlea “and its
dysplasias” in lateral X-rays [29, 30]. They
described an anomaly that could be either
generalized or focal to the proximal trochlea
and they correlated an increased sulcus angle
of more than 145° with trochlear dysplasia.
They measured the proximal trochlear depth
lem below the upper limit of the trochlear
groove in lateral X-rays and found that it was
on average 2.7 mm in patients with patellar
dislocation, in contrast to 5.9 mm in the
asymptomatic group.

Until that time, trochlear dysplasia was a
pathologic radiographic finding in patients with
patellar dislocation. Although how strongly
trochlear dysplasia was correlated in the clinical
setting with patellar dislocation not only to the
paediatric population was not yet documented,
the interest on trochlear dysplasia was emerging
in the university hospital of Lyon during the
1980’s with a series of publications by Henri
Dejour and Gilles Walch, who presented some
of'the most essential and classic data on patellar
instability (fig. 2). They were the first to link
the occurrence of trochlear dysplasia in patients
with patellar dislocation and in asymptomatic
controls. They used their 1984 classification of

was to remove the posterior part Fig. 2: Henri Dejour (left) and Gilles Walch pioneers in the field of
of the trochlea and then push it patellofemoral disorders during the 1980’s.
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permanent, habitual, and recurrent patellar
dislocation, in which they started performing
X-ray measurement of the trochlea and its
position related to the anterior femoral cortex.
It is worth mentioning that at the time, surgeons
in Lyon were already using true lateral X-rays
for a different method developed for measuring
anterior tibial translation in ACL ruptures.
They introduced the “crossing sign”, which
became the pathognomonic sign for trochlear
dysplasia on lateral X-rays (fig. 3).

This fundamental work on the definition of
trochlear dysplasia and on its consistent
presence in patients with patellar dislocation
was presented and published in 1987 during the
6" edition of the meeting “Les Journées
Lyonnaises de Chirurgie du Genou” [12] and
was later issued in 1990 [31]. It was the result
of'a huge effort from the whole “Lyon’s School”
of surgeons who studied the radiographic
findings in more than 1,800 patients and
presented their standardized approach on
patellofemoral instability that would be quoted
and followed widely in the future. H. Dejour
and G. Walch introduced the definition of
dysplasia as a shallow, flat or even convex
trochlear groove by using some of the
radiographic methods of Raguet [32], Maldague
and Malghem [29, 30] and by examining true

Résultats

T
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Le signe du

croisement

Fig. 4: The crossing sign
had 3 different types in
reference to the level of the
intersection (proximally or
distally) and the symmetry
or not of the medial and
lateral femoral condyles.

lateral X-rays where the posterior femoral
condyles were superimposed [8]. They recorded
that trochlear dysplasia was present in 96% of
patients with documented patellar dislocation
and only in 3% of a control population, thus
presenting dysplasia as the most consistent
anatomic abnormality underlying in patients
with patellofemoral instability. Yet, the most
important attribution of this classic study was
the introduction of the first quantitative and
qualitative criteria of trochlear dysplasia.
H. Dejour and G. Walch described the crossing
sign as a simple yet fundamental qualitative
factor of trochlear dysplasia. It represented the
point where the line of the trochlear floor
intersects the anterior contour of the lateral
femoral condyle and the level where the
trochlea is flat. The crossing sign could have
three different appearances in reference to the
level of the intersection (proximally or distally)
and the symmetry or not of the medial and
lateral femoral condyles (fig. 4). With these
data, the first classification of trochlear
dysplasia was introduced, which was focused
on how proximally or distally (on the flexion-
extension arc of the knee) the trochlea becomes
dysplastic: Type [ corresponds to minor
dysplasia where the trochlea is flat at only one
point in its superior (proximal) portion and the
condyles are symmetrical, 7ype II has separate

Fig. 3: (Original slide) The
introduction of the ‘crossing
sign’ as pathognomonic
sign and qualitative factor
for trochlear dysplasia.

TYPEN

TYPEIN

TYPE |
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crossings of the two condyles with the floor of
the trochlea and the condyles are asymmetrical,
Type 111 is a severe form of trochlear dysplasia
where the condyles are symmetrical and the
crossing is situated low (distally) in the groove

(fig. 4).

H. Dejour and G. Walch also introduced two
quantitative criteria for trochlear dysplasia that
they were not integrated in this first
classification. The “trochlear bump” or
prominence represents the elevated trochlear
floor from the anterior distal femoral cortex
proximally to the crossing sign, and the
“trochlear depth” that measures the depth of the
trochlear floor from the condyles distally to the
crossing sign (fig. 5). A trochlear depth of 4mm
or less was found to be pathological [8]. The
importance of this radiographic analysis was
that for the first time trochlear dysplasia was
related to the reduced height of the lateral facet
(trochlear depth), the elevated trochlear floor
(prominence) or both. The impact of the work
of this group of surgeons was so great that for
many years, French surgeons were treating
patellofemoral instability based on these results
and consider patellar dislocation as a

multifactorial entity of imaging findings
surrounding trochlear dysplasia [10], a concept
that initially attracted a lot of interest and was
sometimes a field for overseas criticism. The
conclusions from these new findings about tro-
chlear dysplasia and the trochlear prominence
led Henri Dejour to propose a new surgery for
the treatment of high-grade trochlear dysplasia.
He described a deepening trochleoplasty where
the bump was removed and the groove was
recreated by doing a osteotomy in the native
groove and then by fixing it with two screws
medially and laterally leading to compression
of both facets [8, 31, 33] (fig. 6) [28].

In 1994, the Swiss surgeon H. Bereiter
recommended a third operation for the
treatment of trochlear dysplasia [34]. This was
known as the “Bereiter” procedure [35]. In
2002, D. Goutallier performed the fourth type
of trochleoplasty procedure [36]. The first
results of the “recession-wedge” trochleoplasty
were published, and this technique was
embraced by P. Beaufils in Paris [37]. In 2010,
L. Blend from Copenhagen presented his
innovative technique of Bereiter’s arthroscopic
trochleoplasty [38].

X

Fig. 5: (Original slide) The ‘trochlear bump’ or ‘prominence’ represents the elevated trochlear floor from the
anterior distal femoral cortex (distance A-B, left) proximally to the crossing sign, and the ‘trochlear depth’
(distance B-C, left) represents the depth of the trochlear floor from the condyles distally to the crossing sign.

Fig. 6: (Original slide) The
deepening trochleoplasty
proposed by H. Dejour.
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In 1998, Franck Remy and Francois Gougeon
published a study showing that the first 1987
classification of H. Dejour and G. Walch had
poor inter- and intra- observer reliability
especially for the type II. It was probably due
to the fact that the prominence or bump and the
shape of the facet and their asymmetry were
not taken into account in the three-type
classification [39, 40]. At that time they
observed the presence of the trochlear bump
and measured the trochlear depth in the
available X-rays, but did not correlate them to
slice imaging (CT scan) (fig. 7). It was a three-
dimensional anomaly with a two-dimensional
imaging based only on X-rays. In 1998, David
Dejour and Bertrand Lecoultre did a study on
177 objective patellar dislocations comparing

the true sagittal view, the axial view and the CT
scan (fig. 8) [41]. Two more signs were added
to the definition of trochlear dysplasia: the
“supratrochlear spur” and the ‘double contour
sign’. The supratrochlear spur is the prominence
of the whole trochlea. It starts often proximal to
the cartilaginous part of the trochlea on the
lateral side (fig. 9). The double contour sign is
the osteochondral projection on the sagittal
view of the hypoplastic medial facet (fig. 8).
Using this three signs, they were able to publish
in 1998 a four grade classification which will
become in the future the most widely used
classification of trochlear dysplasia until now
[4, 41-43] (fig. 10): Type A involves mild
dysplasia where the trochlea is shallower than
normal with the characteristic crossing sign.

Fig. 7: (Original slide) The identification of trochlear bump and the measurement the trochlear
depth in X-rays that was not correlated to slice imaging at that time (left).

Fig. 8: The correlation of true lateral X-rays and slice imaging by D. Dejour and B. Lecoultre revealed the
presence of (1) the medial hypoplastic facet and the ‘double contour sign’, and (2) the supratrochlear spur.
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Supratrochlear
spur

Fig. 9: The supratrochlear spur on a true lateral
X-ray represents the prominence of the whole
trochlea.

Type B is pathologic for a flat trochlea with a
prominence and the additional supratrochlear
spur. In Type C, the trochlea is convex and has
the “crossing sign” and the “double contour
sign” on sagittal X-rays. In the most severe
Type D, the trochlear groove is elevated above
the anterior femoral cortex; it has a hypoplastic
medial facet and a “cliff-pattern” appearance
with all three previous signs on the lateral
X-rays. This new classification scheme was
more reproducible and had a high observer
agreement [44, 45].

The interest on studying the morphology of
trochlear dysplasia on axial views was also
strong in a study by R. Biedert, who analyzed
the decreased trochlear depth caused by either
an elevated trochlea floor or a flattened lateral/
medial condylar height on MRI [46]. He
compared the height of the medial, central and
lateral third of the trochlea according to the
width of the lateral condyle and he discovered
that a reduced height of the lateral condyle
more than 77% was pathologic and that in more

Dysplasia type A

Dysplasia type C

;

/ Dysplasia type B

Dysplasia typa D
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than 80% of patients with patellar dislocation
the pathology is located in the middle (elevated
groove) and medial (hypoplastic facet) third
[46]. These patients would benefit from a
deepening trochleoplasty procedure [46].
Biedert et al. also studied trochlear dysplasia
with the use of convetional X-rays, axial CT
and MRI and presented another type of
trochlear dysplasia that could not be included
in the Dejour classification and where none of
the previously described radiological findings
existed: the “too short lateral articular trochlea”
[47]. They described the lateral condyle index
for assessing the length of the lateral trochlea
and defining the patients suffering from a short
trochlea who could be good candidate for
elevating trochleoplasty.

Finally, in 2010, D. Dejour presented the
modification of the “Lyon’s School” sulcus-
deepening trochleoplasty with the combination
of soft-tissue procedures for the treatment of
recurrent patellar dislocation in patients with
underlying high-grade trochlear dysplasia
(Type B and D) [48]. The rationale of this
surgical procedure is to restore the normal
anatomy and to re-shape the trochlea by
undermining the cancellous bone and deepening
the groove, to decrease the sulcus angle and
additionally, to perform a ‘proximal’ re-
alignement procedure by lateralizing the
trochlear groove (fig. 11) [48].

Although the origins of trochlear dysplasia are
scarce and reported up to two centuries ago, its

future study seems very promising. Currently,
there is ample interest on the diagnosis and
treatment of trochlear dysplasia. There is also
observer agreement on the classification of
trochlear dysplasia [44, 45]. Its contribution to
future degenerative joint disease is another
reason for the introduction of various techniques
to surgically correct it [2, 49]. Trochleoplasty
procedures are more and more widely performed
as a primary or revision option in selected
patients with recurrent patellar dislocation and
underlying trochlear dysplasia. The recognition
of the importance of trochlear dysplasia in the
aetiology of patellar dislocation is growing and
has been embraced by surgeons in Europe but
also, in the United States [2, 9, 10], in the U.K.
[1, 24] and in Japan [50, 51]. There are
convincing data that there is a subgroup of
patients with recurrent patellar dislocation and
underlying high-grade trochlear dysplasia, in
which the “benign neglect” of the latter and the
application of traditional surgery is ill-fated [9,
35-37, 52, 53]. The sound biomechanical
evidence from the surgical treatment of
trochlear dysplasia [14] and the satisfactory
clinical results published by Von Knoch [35],
Verdonk [54], Donell [24], Blend [38] and
Schéttle [55], Goutallier [36], Fucentese [56],
Thaunat [52], Beaufils [37], Dejour [57] and
others, confirm that trochlear dysplasia is a
distinctive pathology in the aetiology of patellar
dislocation, which must not be ignored or
under-diagnosed, and that its treatment should
be in the armamentarium of knee surgeons.

Fig. 11: The sulcus-deepening trochleoplasty removes cancellous bone and deepens the groove, decreases
the sulcus angle and performs a ‘proximal’ re-alignement procedure by lateralizing the trochlear groove.
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INTRA- AND INTEROBSERVER

AGREEMENT OF DEJOUR'S
CLASSIFICATION OF TROCHLEAR
DYSPLASIA

S. LIPPACHER, H. REICHEL, M. NELITZ

INTRODUCTION

Trochlear dysplasia is known to be an important
cause for patellofemoral instability. Henri
Dejour et al. [11] found that 96% of patients
with a history of a true patellar dislocation had
evidence of trochlear dysplasia.

The lateral X-ray has always been a necessary
part of the radiographic evaluation of the knee.
Not only is it critical for assessing patellar
height [2] but in 1989 Walch and H. Dejour [25]
as well as 1992 Grelsamer and Tedder described
the lateral trochlear sign [14] bringing to light
its value in diagnosing trochlear dysplasia.

In addition to the lateral trochlear sign, which
he later called crossing sign, H. Dejour
described the supratrochlear bump or spur and
the double contour as typical radiological signs
of trochlear dysplasia [11].

H. Dejour et al. [10, 11] initially described
three types of trochlear dysplasia on conven-

tional lateral radiographs. Due to the lack of
intra- and interobserver agreement, D. Dejour
later proposed his classification of four types
on two-dimensional radiographs and three-
dimensional CT-scans (fig. 1) [8, 9].

Recently magnetic resonance imaging has
become the diagnostic tool of choice to assess
patellofemoral instability, because soft tissue
injuries, potential flake fractures and the tibial
tuberosity groove distance can also be eva-
luated [1, 7,21, 22, 23]. On axial MRI trochlear
dysplasia is diagnosed on the first craniocaudal
image, where the complete cartilaginous
trochlea can be seen.

Dejour’s  radiographic and axial CT
classifications [11] are widely used in clinical
practice and in the orthopaedic literature to
assess the severity of trochlear dysplasia [6, 13,
19, 21]. The aim of this study was to assess the
intra- and interobserver agreement of the
radiographic and MRI based classification as
described by D. Dejour.
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Fig. 1: Classification of trochlear dysplasia according to D. Dejour (reprinted with David Dejour’s permission):
1 - crossing sign, 2 - supratrochlear bump or spur, 3 - double contour, 4 - vertical join or cliff pattern.

MATERIALS AND METHODS

Lateral radiographs and transverse MRI T2-
weighted scans of fifty knees in fifty patients
with patellar instability that were referred to
our outpatient-clinic between 2007 and 2010
for subsequent surgery were analyzed. None of
these patients had prior surgery of the knee.
Patients with insufficient X-ray or MRI were
excluded. In all included patients routine
X-rays were taken to evaluate the patellofemoral
joint. The lateral view was taken in the supine
position and 0° knee flexion with superimposed
condyles [17]. During clinical assessment a
firm typing was made using the D. Dejour’s
classification.

This study compares the reliability and accuracy
of two diagnostic studies in grading the severity
of trochlear dysplasia.

The radiographic study (method 1) included a
correct plain lateral view of the knee. According

to D. Dejour [9] on lateral radiographs four
different types of trochlear dysplasia were
distinguished (fig. 1, 2).

Fig. 2:

A: Normal patellofemoral joint.

B: trochlear dysplasia with crossing sign (1), small
supratrochlear bump or spur (2), double contour
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In method 2 the axial MRI of the proximal
trochlea was used. Selected for this study was
the most proximal image that included the
entire width of the trochlea [9] (fig. 1).

The fifty lateral radiographs and the fifty MRI
images were read by four different observers,
two senior and two junior orthopaedic surgeons,
who were blinded to the clinical history. The
studies were read twice within a four week
time span. For the second reading the studies
were randomly arranged in a completely
different order.

The results were first analyzed for interobserver
agreement on the four classification types
between the four readers. To see if there was
better agreement if the dysplasia was divided
into two groups instead of four, the interobserver
agreement was then analysed when type A was
compared to type B, C and D combined.

Statistical analysis

Contingency tables were used descriptively for
intra- and interobserver agreement as well as
for agreement of lateral radiographs and MRI-
scans. For assessment of agreement, the
proportion of observed agreement (po) was
calculated incl. 95% confidence interval (CI).

Because of unsatisfactory results in the
agreement of radiographs and MRI, an
additional analysis was performed: Two mixed
effects regression models [16] were fitted to
investigate the influence of radiographs and
MRI on the D. Dejour’s four grades of
radiological criteria of trochlear dysplasia
(ordinal outcome) and on the two-graded
distinguishing between low-grade and high-
grade trochlear dysplasia (binary outcome). In
both models the method (i.e. radiographs/MRI)
was included as fixed effect and the rater was
included as random effect.

RESULTS

The current study assesses how four blinded
independent readers agree on typing trochlear
dysplasia first using just the lateral view and
then using just the MRI image. This was done
twice with the studies being randomly shuffled
for the second reading.

In the following, important results are
summarized in terms of proportions of observed
agreement (po).

1a) Intra-observer agreement,
four-grade analysis

When observers classified trochlear dysplasia
into D. Dejour’s four grades the intra- observer
agreement of the lateral radiographs between
the first and the second reading was 30% to
78%. Intra-observer agreement for classification
into four grades for the two readings of the
axial MR images was 32% to 74%.

1b) Intra-observer agreement,
two-grade analysis

When grade A was compared to type B, C and
D combined to form low-grade and high-grade
classifications the intra-observer agreement on
the lateral radiograph between the first and the
second reading was 56% to 88% and 70% to
90% for the axial MR images.

2a) Interobserver agreement, four-
grade analysis (comparison of all
possible pairs of raters)

Four-grade analysis of interobserver agreement
of lateral X-rays showed at the first reading an
agreement ranged from 36% to 52% and at the
second reading an agreement ranged between
24% and 58%. Interobserver agreement of
axial MR images was at the first reading 42%
to 68% and at the second reading 28% to 40%.
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2b) Interobserver agreement, two-
grade analysis (comparison of all
possible pairs of raters)

Two-grade analysis of lateral X-rays showed at
the first reading an agreement between 60%
and 76% and at the second reading an agreement
between 52% and 76%. The interobserver
agreement of axial MR images was at the first
reading 86% to 96% and at the second reading
62% to 86%.

3a) Agreement of the radiographs
and MRI, four-grade analysis

Using the four-grade classification according
to D. Dejour the agreement of radiographs and
MRI at the first reading was 36 to 56%. At the
second reading an agreement of radiographs
and MRI between 28 and 54% was achieved.

3b) Agreement of the radiographs
and MRI, two-grade analysis

For the two-grade classification the agreement
of radiographs and MRI at the first reading
ranged from 66 to 82%. At the second reading
an agreement of radiographs and MRI of 64 to
74% was measured.

Because of unsatisfactory results in the
agreement of radiographs and MRI, an
additional regression analysis was performed:
Two mixed effects regression models were
fitted to investigate the influence of radiographs
and MRI.

In the first regression model, the influence of
the method (radiographs vs. MRI) on the
D. Dejour’s classification was investigated.
The result shows that the MRI has a higher
odds for a higher level in D. Dejour’s
classification (odds ratio 1.29; 95% CI: 1.01;
1.66, p=0.04). In the second regression model,
the influence of the method (radiographs vs.
MRI) on the two-grade classification (low-
grade and high-grade trochlear dysplasia) was
investigated. The result of the second model

shows that the MRI has a higher odds for high-
grade trochlear dysplasia (odds ratio 2.24; 95%
CI: 1.61; 3.13, p<0.01).

DISCUSSION

The results of the current study show that inter-
and intraobserver agreement on D. Dejour’s
four grade classification of trochlear dysplasia
on the lateral radiograph and the MRI is
insufficient. In contrast the two-grade classifi-
cation showed good to excellent agreement.

There are different possible reasons for these
unsatisfactory results. The surface geometry
of the articular cartilage cannot easily be
divided in four groups as there is a wide
variation of the anatomy of the trochlear
geometry. For example we found it difficult to
distinguish between type B and C dysplasia.
One of the rater indicated a flat, but slightly
descending trochlea as type B, whereas the
other raters interpreted the slightly descending
trochlea as hypoplastic and therefore classified
it as type C. Type C dysplasia is difficult to see
on lateral radiographs and often needs to be
defined on coronal cuts on MRI-scans, as in
different cases a small vertical join or cliff
pattern on MRI-scans may lead one rater to
classify it as type C and the other rater as type
D (fig. 3, 4).

In clinical practice it can be furthermore
difficult to achieve a true lateral radiograph
with superimposed dorsal condyles. But true
lateral radiographs are mandatory to confirm
the diagnosis of trochlear dysplasia. Koéter et
al. verified that minimal rotation aberrations
cause radiographs misdiagnosis of trochlear
dysplasia [15].

The results of the study confirm the conclusions
of Remy et al. [20] saying that the crossing
sign and the supratrochlear bump are the most
reproducible signs whereas the double contour
only showed agreements of 51%.

Because the lateral radiograph was inconsistent
in differentiating D. Dejour’s four grades of
trochlear dysplasia, the ability to distinguish
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Fig. 3: Example for type B dysplasia.

A: Crossing sign (1), supratrochlear bump (2) on the lateral radiograph.

B: Flat trochlea on the MRI-scan.

Fig. 4: Example for type D dysplasia:
A: Crossing sign (1), supratrochlear bump (2), double contour (3), lateral femoral condyle (5) and the medial
femoral condyle (6) on the lateral radiograph.
B: Asymmetry of trochlear facets plus vertical join (4) on the MRI-scan.

between low-grade dysplasia, type A from
high-grade dysplasia, type B, C and D was
additionally studied.

Two-grade analysis showed much better results
for intra- and interobserver agreement: The
contingency tables exhibited better results for

intraobserver agreement with proportions of
observed agreement between 56 and 88%
(lateral radiographs) and 70 and 90% (MRI) as
well as for the interobserver agreement with
proportions of observed agreement between 52
and 76% for lateral radiographs and 62 and
96% for MRI-scans.
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The additional regression analysis showed a
conspicuous effect of the method on D.
Dejour’s classification as well as two-grade
classification which reinforces the poor
agreement between radiographs and MRI. Less
severe dysplasias were documented when
analyzing lateral radiographs than analyzing
MRI-scans.

Besides the D. Dejour classification, different
measurements to assess the morphology of the
femoral trochlea are described in the literature
[3,4,5,12, 18, 22, 24].

Although inter- and intra- observer agreements
of the classification of Pfirrmann, Carrillon and
Biedert [3, 4, 5, 18] seem to be higher, they are
not as workable as D. Dejour’s classification in
clinical practice in our opinion.

So the authors still think that D. Dejour’s
classification is a good instrument for inter-
preting trochlear dysplasia. Although it is easy
to apply using D. Dejour’s classification several
issues have to be considered:

1. The four-grade analysis shows fair intra- and
interobserver agreement while the two-grade
analysis show good to excellent agreement.

2. The best overall agreement was found for the
two-grade analysis on MRI-scans.

3. The lateral radiograph tends to underestimate
the severity of trochlear dysplasia compared
to axial MR imaging.

In summary D. Dejour’s classification is valid
for typing trochlear dysplasia and is particularly
useful in separating low-grade from high-grade
cases. For clinical purposes the discrimination

between low-grade and high-grade dysplasia is
an important distinction because prognosis and
treatment mainly depend on the severity of
trochlear dysplasia.

ABSTRACT

Trochlear dysplasia is known to be an important
cause for patellofemoral instability. Dejour’s
radiographic and MRI classifications are widely
used in clinical practice and in orthopaedic
literature to assess the severity of trochlear
dysplasia.

From fifty patients, fifty lateral radiographs as
well as fifty MRI-scans were read twice
independently within four weeks by four
surgeons (two senior and two junior examiners).
Analysis was made four-graded according to
D. Dejour’s four grades of radiological criteria
of trochlear dysplasia as well as two-graded
differentiating between low-grade (type A) and
high-grade trochlear dysplasia (type B-D).

The four-grade analysis shows fair intra- and
interobserver agreement while the two-grade
analysis shows good to excellent agreement.
The best overall agreement was found for the
two-grade analysis on MRI-scans. The lateral
radiograph tends to underestimate the severity
of trochlear dysplasia compared to axial MR
imaging.

D. Dejour’s classification is valid for typing
trochlear dysplasia and is particularly useful in
separating low-grade from high-grade dysplasia.
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SULCUS DEEPENING
TROCHLEOPLASTY FOR THE

TREATMENT OF RECURRENT
PATELLAR DISLOCATION WITH
UNDERLYING TROCHLEAR
DYSPLASIA

P.G. NTAGIOPOULOS, P. BYN, D. DEJOUR

INTRODUCTION

Since the documentation of trochlear dysplasia
as the most consistent anatomic factor present
in patients with recurrent patellar dislocation
[1], a number of surgical procedures for its
treatment has been introduced [2]. Trochleo-
plasty procedures are designed to reshape the
abnormal trochlear groove and because they
involve a certain amount of technical difficulty
[3], they were initially accepted with skepticism
or reserved as salvage options [4]. But recent
literature contains several authors with
encouraging short and mid-term results on the
treatment of patients with patellar dislocation
and underlying high-grade trochlear dysplasia
leading to a great patellar instability and
patellar dislocations [5-13].

Trochlear dysplasia is a developmental
condition where the femoral trochlea loses its
normal concave shape to an abnormal flat or
even convex geometry [14]. Four basic
trochleoplasty procedures have been proposed.
Albee’s pioneer procedure involved the
elevation of the lateral facet in order to restore
normal anatomy [15]. The second procedure is
the “sulcus-deepening trochleoplasty”, which
was first proposed by Masse [16] and later
standardized by Henri [17] and David Dejour
[18] (fig. 1). The third procedure was introduced
by Bereiter and Gautier in 1994 [19], was later

Fig. 1: The rationale of
the sulcus-deepening trochleoplasty.

followed by von Knoch [11] and is known as
the “Bereiter procedure”. An osteochondral
flake with only 2mm of subchondral bone is
elevated from the trochlea without osteotomy
of the condyle, and the distal femoral
subchondral bone is deepened and refashioned
with osteotomes and a high-speed burr. The
same procedure has been performed
arthroscopically by Blend and Schéttle [13].
The fourth procedure is the “recession wedge
trochleoplasty” which was introduced by
Goutallier [20] in 2002 and has been embraced
by Beaufils [3]. In this technique, the shape of
the trochlea is not changed but the trochlear
bump is removed by a proximally-based wedge
and a subsequent pressure on the trochlea.
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The purpose of the present study is to record
the clinical, radiological and functional mid-
term results from the application of “Lyon’s
sulcus-deepening  trochleoplasty” [18] in
patients with recurrent patellar dislocation and
underlying trochlear high-grade dysplasia.

MATERIALS AND METHODS

This is a retrospective study that included
patients treated for recurrent patellar dislocation
between September 1993 to September 2006.
Inclusion criteria for the study were the
following: patients with recurrent or more than
3 documented episodes of patellar dislocation
and underlying trochlear dysplasia and
pathologic lateral patellar glide test using the
quadrant test (patella can be shifted by 3 or
more quadrants laterally by the examiner with
patient’s knee placed at full extension). Patients
with open growth plates, patellofemoral
arthritis and patellofemoral pain syndrome
with no true dislocation were excluded from
the study.

Pre-operative objective evaluation included
apprehension test, lateral patellar glide test and
patellar tracking. Subjective findings included

the presence of patellofemoral pain and/or
sense of instability. Radiological assessment
included true lateral X-rays, axial view of the
patella at 30° degrees of flexion and computed
tomography. Trochlear dysplasia was graded
and sulcus angle, lateral patellar tilt (without
quadriceps contraction), tibial tuberosity —
trochlear groove (TT-TG) distance and patellar
height (according to Caton-Deschamps index
[21]) were measured.

Patients were divided in two groups: Group A
with recurrent dislocation after previous
surgery and Group B with no surgical
antecedent. Patients were treated surgically
following an “a la carte surgery” rationale [17]
that included the identification of abnormal
anatomic factors contributing to instability and
the correction of them one by one in the same
stage [2, 14, 22] (fig. 2). In all patients,
trochleoplasty was combined with medial soft-
tissue surgery, such as vastus medialis obliquus
(VMO) plasty or medial patellofemoral
ligament (MPFL) reconstruction in all knees
and, when required, with lateral soft-tissue
surgery such as lateral release or lengthening.
In patients where additional osseous etiologic
factors were recognized, a re-alignment proce-
dure was added.
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Fig. 2: The “a la carte surgery” algorithm that the authors followed
for the therapeutic approach of patellofemoral instability.
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Sulcus-deepeningtrochleoplasty was performed
with the same surgical technique in all patients
[18]. The rationale is to remove enough
subchondral bone under the trochlea (fig. 1), so
that the subsequent depression of the new
trochlear groove will be flush with the anterior
femoral cortex and the prominence will
disappear (fig. 3). The trochlea is osteotomized
with a scalpel carefully over the position of the
desired new groove, so that a normal smaller
sulcus angle is restored and the trochlear groove
is positioned in a more lateral position to
decrease the TT-TG distance (fig. 4) according
to the TT-TG value. The new trochlea is fixed
with 2 metallic staples. All patients followed
the same rehabilitation protocol described in
the relevant chapter.

Post-operative clinical evaluation was performed
at 1, 3, 6, 12 months and the last follow-up was

Fig. 3: Subchondral bone is removed under the
trochlear without damaging the cartilage, in order to
remove the prominence and re-shape the groove.

u
Fig. 4: According to pre-operative TT-TG measure-
ment, the new trochlear groove (solid line) can be
positioned in a more lateral position, serving as a
“proximal re-alignment procedure”.

during May-August 2008. It included clinical
and radiological examination, IKDC score [23]
and level of activity at final follow-up. At final
evaluation, patients were also asked on their
overall satisfaction from the operation.

Statistical analysis: Differences between pre-
and post-operative mean values were compared
by the paired chi-square test. Level of statistical
significance was <0.01.

RESULTS

Forty-nine patients were retrospectively
included. Group A with previous patellofemoral
surgery had 22 patients (24 knees) with prior
unsuccessful surgery for patellar instability.
Mean age was 23+5.5 years (14-33) at the time
of surgery with a female to male ratio of 1.33.
Thirty-three per cent had a positive familiar
history (first degree relative) of recurrent
patellar dislocation and 9% had bilateral
surgery. Mean follow-up was 6 years (2-8) and
no patients were lost to follow-up. Average
number of previous surgery for patellofemoral
instability was 2 per patient and included:
medialization of the tibial tuberosity,
distalization of the tibial tuberosity, soft-tissue
surgery (medial structures augmentation, lateral
structures release) and arthroscopy (Table 1).
Patients’ symptoms and clinical signs were
lateral patellar dislocation (100%), patello-
femoral pain (12.5%), positive apprehension
sign (91.6%) and abnormal patellar tracking
(81%). Trochlear cartilage lesions before
trochleoplasty were: 62.4% had ICRS grade 0,
8.3% grade I, 20% grade 11, 8.3% grade III, 0%
grade IV, and for the patella 45.5% grade 0, 4%
grade I, 21% grade II, 17% grade III, 12.5%
grade I'V. Sulcus-deepening trochleoplasty was
combined with an additional operation in all
cases: MPFL reconstruction in 45.8% of the
cases (n=11), VMO plasty 41.6% (n=10), tibial
tuberosity distalization 20.8% (n=5), tibial
tuberosity medialization 29.1% (n=7), patellar
tendon lengthening (for previous patella infera)
8.3% (n=2), lateral release 25% [6], patellar
osteotomy 4.1% (n=1) (Table 1). Pre-operative
and post-operative radiographic findings are
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Table 1: Patient demographics, clinical signs, symptoms and associated procedures for the two groups.

Group A Group B

No. of knees 24 31
Age 23+5.5 years (14-33) 21+7.9 years (14-47)
Abnormal patellar tracking 81% 54.8%
Apprehension sign 91.6% 96.7%
Feeling of instability 100% 100%
Associated pain 12.5% 6.4%
Previous operations Yes No

Concomitant procedures
1. VMO plasty 41.6% 83.8%
2. MPFL reconstruction 45.8% 16.1%
3. Distal transfer of tibial tuberosity 20.8% 51.6%
4. Medial transfer of tibial tuberosity 29.1% 67.7%
5. Lateral retinaculum release 25% 67.7%
6. Patellar osteotomy 41% 0%
7. Patellar tendon lengthening 8.3% 0%

shown in Table 3. Sulcus angle decreased
significantly (p<.01) from 153°£14° pre-
operatively to 141°+10° post-operatively, TT-
TG distance decreased significantly (p<.001)
from 16x6mm to 12+2mm and patellar tilt
without quadriceps contraction decreased
significantly (p<.0001) from 31°+14° to 11°+£8°
(Table 2). Pain decreased in 72% of the cases,
remained unchanged or increased in 28% and
there was no case of post-operative stiffness.
Apprehension sign  was negative  post-
operatively in 75%, patellar tracking was
normal in all of the cases, lateral patellar
tracking was <l quadrant in 72% and <2
quadrants in 28% of the knees. Mean pre-
operative IKDC score was 51.4+21.8 (23-75)
and at last follow-up it increased to 76.7+13.0
(53-100), (p<.001). At the time of final follow-
up, there was no case with patellofemoral
arthritis according to Iwano criteria and 95.4%
of the patients had returned to previous
activities, including recreational sports. None
of the patients had a patella dislocation
recurrence and no post-operatively feeling of

patellar instability. All of them responded that
they were satisfied from surgery. There were no
complications recorded in this group and there
was no re-operation.

Group B included 27 patients with 31 knees
that had more than 3 true episodes of patellar
dislocation and no previous surgery for
patellofemoral dislocation. Mean age was
21£7.9 years (14-47) at the time of surgery
with a female to male ratio of 0.93. Mean
follow-up was 7 years (2-9) and no patient was
lost to follow-up. Forty-five per cent had a
positive familiar history of recurrent patellar
dislocation and 14.8% had bilateral surgery.
Patients” symptoms and clinical signs were
lateral patellar dislocation (100%), patello-
femoral pain (6.4%), positive apprehension
sign (96.7%) and abnormal patellar tracking
(54.8%) (Table 1). Trochlear cartilage lesions
before surgery were: 67.7% had ICRS grade 0,
6.4% grade I, 16.2% grade 11, 3.2% grade III,
6.5% grade 1V, and for the patella 25.8% grade
0, 0% grade I, 19.2% grade 11, 22.5% grade III,




SULCUS DEEPENING TROCHLEOPLASTY FOR THE TREATMENT OF RECURRENT PATELLAR DISLOCATION ...

Table 2: Pre and post-operative imaging findings in patients
that underwent trochleoplasty and had previous surgery for patellar dislocation.

Group A: Knees with previous operation for patellofemoral instability

Pre-operative

Post-operative

Sulcus angle 153.0°£14.7° 141£10.2° * N8
9 (130°-177°) (122°-163°)
. 1.03+0.28 0.95+0.22 Ns
Caton-Deschamps index (0.5-1.48) (0.69-1.29)
. 16.6£7.7mm 12.6+4.2mm **
TT-TG distance (5-30mm) (5-20mm)
. 31.40+14.3° 11.8°£8.0° **
Patellar tilt (0°-58°) (1°-319)
Trochlear dysplasia
Type A 0% 33.3%
Type B 29.1% 0%
Type C 0% 0%
Type D 70.9% 0%
Normal or non-classifiable 0% 66.7%

*1 p<.01, **: p<.001, NS: not significant, when compared to pre-operative values.

Table 3: Pre and post-operative imaging findings in patients that underwent
trochleoplasty and had no previous surgery for patellar dislocation.

Group B: Knees with no previous operation for patellofemoral instability

Pre-operative

Post-operative

Sulous anale 152°+£16.2° 141°£8.9° * NS
9 (126°-178°) (126°-155°)
. 1.12+0.18 0.97+0.15 N
Caton-Deschamps index (0.78-1.4) (0.64-1.25)
. 19+4.8mm 12+5.5mm **
TT-TG distance (10-28mm) (6-24mm)
i o o (No_EQ0 15°+8.7° **
Patellar tilt 37°+7.8° (0°-58°) (1°-319)
Trochlear dysplasia
Type A 0% 45.1%
Type B 38.7% 0%
Type C 0% 0%
Type D 61.3% 0%
Normal or non-classifiable 0% 54.9%

*1 p<.01, **: p<.001, NS: not significant, when compared to pre-operative values.
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32.5% grade IV. Trochleoplasty was combined
with an additional operation in all cases: MPFL
reconstruction in 16.1% of the cases (n=5),
VMO plasty 83.8% (n=26), tibial tuberosity
distalization 51.6% (n=16), tibial tuberosity
medialization 67.7% (n=21), lateral release
67.6% (n=21) (Table 1). Sulcus angle decreased
significantly (p<.01) from 152°+16° pre-
operatively to 141°+8° post-operatively, TT-TG
distance decreased significantly (p<.001) from
19+4mm to 12+5mm and patellar tilt without
quadriceps contraction decreased significantly
(p<.001) from 37°+7° to 15°+8° (Table 3).
Post-operative pain decreased in 77.4% of the
cases, remained unchanged or increased at
22.6% and there was no case of stiffness.
Apprehension sign remained positive in 19.3%
of the cases, patellar tracking was normal in all
cases, lateral patellar glide test was negative in
96.8% (<1 quadrant in 70%, <2 quadrants in
26.8%) and in 3.2% the quadrant test was 4/4
but with no patellar dislocation. Mean pre-
operative IKDC score was 51.2422.9 (25-80)
and post-operative IKDC score was 82.5+17.9
(40-100), (p<.001). There was no radiographical
evidence of patellofemoral arthritis according
to Iwano criteria at the last follow-up. Eighty-
seven per cent of the patients returned to their
previous activities. There was no case with
patella dislocation recurrence and no residual
feeling of patellar instability and 93.6% replied
they were satisfied from surgery. Three
complicated cases were recorded: 2 cases of
hardware (staples) breakage that had to be
removed and one case of deep venous
thrombosis that was treated accordingly.

DISCUSSION

The mid-term clinical, radiological and
functional results from the Lyon’s sulcus-
deepening trochleoplasty in the appropriate
patient population for the treatment of recurrent
patellar dislocation with underlying high-grade
trochlear dysplasia are satisfactory without
major complications and no sign of patello-
femoral arthritis.

The authors’ approach to the treatment of
patients with recurrent patellar instability is

based on the following algorithm for the
identification of the major anatomic and
etiologic factors (fig. 2) [2, 14, 22, 24, 25]: the
presence of an excessive TT-TG distance more
than 20mm is considered abnormal and should
be treated with medialization osteotomy of the
tuberosity. Patella alta is another significant
factor contributing to patellar instability, and
its surgical treatment involves distalization
osteotomy of the tuberosity. An increased
lateral patellar tilt over 20° is amenable to
correction with lateral retinaculum release,
VMO nplasty or reconstruction of the MPFL.
The presence of high-grade trochlear dysplasia
requires a type of trochleoplasty for its
correction [2, 18].

After the identification of any of the above
anatomic parameters, the patient must be
assessed for the presence and occurrence of
patellar dislocation. 1) Patients with no history
of patella dislocation and pain as the only
symptom, and 2) patients with patellofemoral
pain and with the presence of any of these
anomalies but no history of patellar dislocation,
are treated conservatively. 3) Patients with any
of these anatomic anomalies and recurrent
patellar dislocation are candidates for surgery
after at least 3 true episodes of patellar
dislocation [14]. Surgical treatment of these
patients involves the correction of one or more
of the above-mentioned anatomic anomalies in
one stage, which often requires the combination
of more than one procedure. The presence of
high-grade trochlear dysplasia (i.e. B or D) in
these patients requires a deepening trochleo-
plasty procedure for its correction. The goal of
sulcus-deepening trochleoplasty is to reshape
the trochlea, but patellar instability may be also
caused by the presence of co-existent anatomic
factors that must be addressed (e.g. tuberosity
osteotomy for patella alta or increased TT-TG
distance) and its treatment almost always
requires a combined soft-tissue procedure like
MPFL reconstruction or VMO plasty [14, 18].

The rationale of sulcus-deepening trochleo-
plasty has three key elements: First, in cases of
a flat trochlea, it reshapes the trochlea back to a
more anatomic and concave geometry by
deepening the proximal sulcus, so that it engages
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the patella in late degrees of knee flexion [18].
Patellar stability during early flexion is mostly
accomplished by MPFL which is tight in full
knee extension and acts as a stabilizer during
early flexion (15°-20°), brings the patella into
the trochlear grove, and in greater degrees of
flexion (>30°) is loose and the trochlea serves
as a guide for normal patellar kinematics [1].
Second, in cases of a convex trochlea, trochleo-
plasty removes the sulcus prominence that the
patella needs to override during flexion and that
leads to patella dislocation off the lateral facet.
Last, trochleoplasty creates a new trochlear
groove in a more lateral position than the
dysplastic one, thus decreasing the excessive
TT-TG distance and serving as a “proximal re-
alignment procedure” [18].

The biomechanical effects of the sulcus-
deepening trochleoplasty have been studied by
Amis et al. who reported that the mediolateral
flattening of the anterior surface of the trochlear
facets results predominantly from an excess of
bone centrally in the groove. This forms a
supratrochlear prominence or “bump’ anterior
to the shaft of the femur, which the patella has
to override when the knee starts to flex in order
to engage in the groove for the remaining

R s ipratrochlear

degrees of flexion. The authors showed that
“simulated” trochlear dysplasia led to
significant reduction in lateral stability and by
re-creating a deep trochlear groove with a
trochleoplasty procedure, lateral stability
increased significantly similarly to the intact
knee [26].

Evaluation of the results from the application
of trochleoplasty presents with certain
difficulties. There is no agreement if satisfactory
long-term results can by defined by the
correction of imaging findings (fig. 5), the
absence of pathological lateral patellar laxity,
or the restoration of the pre-operative subjective
patient’s sense of instability, pain or the absence
of apprehension [7, 8, 10]. Certainly, the latter
along with post-operative satisfaction are the
goals of any procedure for patellofemoral
instability, but authors offer different functional
scores with varying results after measuring
post-operative  satisfaction in the same
population [7, 10]. Furthermore, selecting the
right candidate for trochleoplasty has been
controversial, since authors set different clinical
(pain, instability, or both) or radiological
inclusion criteria (type of dysplasia, height of
prominence) for performing such procedure [3,

Fig. 5: Example of a (A) pre-operative dysplastic trochlea type B with the
supratrochlear spur and the crossing sign, along with patella alta. (B) The
supratrochlear spur and the crossing sign disappeared after trochleoplasty and the
patella height was corrected with tuberosity osteotomy.
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5-7, 10-12]. Trochleoplasty procedures are
often performed with different techniques and,
most important, with various rehabilitation
protocols, which make the comparison of their
results challenging. Last, evaluating the
efficacy of trochleoplasty as a single procedure
is very difficult to do in a patient population
that usually presents with other concomitant
anomalies that also need correction, and
especially since trochleoplasty is almost always
performed in combination with soft-tissue
procedures, such as MPFL reconstruction [2, 3,
5-7,11, 12, 14, 18, 20].

The mid-term clinical results from its
application have been also reported. Fucentese
et al. reported the results from its application in
44 cases after an average of 4 years [6]. Kujala
score improved from 68 to 90 points (p<0.001),
and instability (p<0.001) and pain (p=0.027)
decreased significantly with no major
complications, like chondrolysis or subchondral
necrosis, except for deterioration of the
cartilage on the lateral trochlear facet. Donell
et al. reported their data after performing
sulcus-deepening osteotomy in 17 cases after
an average of 1 year [7]. Eleven cases had
normal patellar tracking post-operatively,
Kujala score improved from a mean of 48 to 75
(p<0.05) and only 8 patients required a re-
operation (i.e. arthrolysis). Verdonk et al. also
reported their results in 14 cases after a mean
follow-up of 18 months [10]. In that study,
patients were assessed using the Larsen-
Lauridsen score on pain, stiffness, crepitus, and
loss of function. Seven scored poorly, three
fairly well and four well. On a subjective
scoring system 77% of patients found the
procedure satisfactory: six patients rated the
result as very good, four as good, and one as
satisfactory with only two patients rating the
result as inadequate. All these authors conclude
that sulcus-deepening trochleoplasty requires
careful attention to detail [10]. Itis atechnically-
demanding procedure that addresses a rare
condition with satisfactory results and
acceptable level of complications [7]. Sulcus-
deepening trochleoplasty is more suitable for
severe cases of type B and D of dysplasia,
where the presence of trochlear prominence is
amenable to correction with this technique [6].

In this study, the primary surgical treatment of
patients with recurrent patellar instability and
trochlear dysplasia included the sulcus-
deepening trochleoplasty that was also
combined with other procedures. The results of
performing additional soft-tissue or bone
surgery to trochleoplasty were satisfactory,
IKDC score improved significantly and there
was only one case of positive lateral glide test
without patellar dislocation. Other authors
report equal success rates from 90% to 100%
[5,7,10-12, 20].

Except for the patellar height, all radiographic
findings were significantly corrected post-
operatively, with emphasis to the lateral patellar
tilt. This can be attributed to both the trochleo-
plasty and the concomitant soft-tissue procedure
(VMO plasty or MPFL reconstruction, respec-
tively). Another interesting finding was the
significant decrease of the TT-TG distance,
caused by the position of the new groove in a
more lateral position. This can be helpful in
eliminating the need for an additional procedure
(medial transfer of the tuberosity), since in
cases of excessive TT-TG distance, re-
positioning the trochlea, instead of the
tuberosity, can reduce it.

Trochleoplasty procedures are a very appealing
revision option in cases of previously operated
patients with persistent patellar instability and
an undiagnosed or underestimated underlying
trochlear dysplasia [3, 5-7, 11-13, 20]. The
satisfying results that are recorded in these
patients after trochleoplasty, probably show the
need for the early recognition of a group of
patients with trochlear dysplasia in whom the
benign neglect of the dysplasia and the
application of conventional surgery for the
treatment of patella dislocation (i.e. medial
reefing, lateral release) is doomed to failure. In
the present study, patients were also classified
according to having previous surgery or not.
All patients with previous patellofemoral
surgery and persistent patellar dislocation had
associated high-grade trochlear dysplasia (type
B and D). In every case, trochleoplasty was
combined with a soft-tissue procedure.
Restoration of patellar stability, correction of
lateral tilt, functional score and patient
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satisfaction were corrected significantly and
were comparable to patients with no previous
surgery that underwent trochleoplasty. Radio-
graphic presence of patellofemoral arthritis
was not recorded, although its appearance
requires even longer follow-up periods.
Subjective evaluation and overall satisfaction
of these multiply-operated patient group was
higher (p: NS) than patients with no previous
surgery, with no need for re-operation or
complications in this group.

On the other hand, trochleoplasty procedures
are not void of surgery-specific complications.
Early concerns on post-operative cartilage
viability have been studied by Schéttle et al.
who recorded normal subchondral bone, viable
cartilage cells, bone flap healing and minimal
risk for cartilage deterioration [9]. Over or
undercorrection of normal trochlea geometry is
another concern. Again this is difficult to verify
since authors use different imaging parameters
to compare post-operatively. Fucentese et al.
showed significant decrease of TT-TG distance
(17mm vs. 13mm), decrease of lateral patellar
tilt (32° vs. 13°) and patellar translation (8mm
vs. Omm) after “Bereiter” trochleoplasty, in
which the sulcus angle does not change [6, 8],
but they recorded overcorrection of the
trochlear groove in 2 out of 17 cases [§]. Von
Knoch et al. showed significant correction the
crossing sign (which remained positive only in
2 cases), increase of the trochlear depth from
-0.1mm to 5.0mm, and decrease of the trochlear
bump from 3.9mm to 0.4mm [11]. Donell ef al.
also recorded significant reduction to normal
values of prominence height, TT-TG distance
and patellar tilt without measuring the sulcus
angle, which they considered inaccurate for
estimating trochlear dysplasia [7]. Although
they commented that the repetition of the
imaging at 1 year, showed that correction of the
patellar tilt angle was not achieved in a few
cases, they followed the same “a la carte”
rationale to reduce the risk of overcorrection
[7]. In our study, there was a significant
decrease of sulcus angle, TT-TG distance and
lateral tilt. The clinical importance of such
changes in radiographic findings is difficult to
evaluate, because of the multifactorial nature
of patellar instability. Yet, persistence of

instability and need for re-operation after
trochleoplasty procedures are rarely recorded
[3, 5, 11], and when they are present, authors
attribute it to other untreated pathology, i.e.
MPFL deficiency [6]. Similarly, in this study,
there was no case of post-operative patellar
instability.

Post-operative stiffness and arthrofibrosis are
potential complications after any knee
operation, and the conflicting results of its
occurrence by Verdonk (46%) [10], Donnell
(33%) [7], Utting (2%) [5] and Thaunat (5%)
[12], to its complete absence in the long-term
study of von Knoch [11], prevent safe
conclusions for the aetiology of trochleoplasty
in post-operative arthrofibrosis. In this study
there was no case of arthrofibrosis recorded.
Similarly, reports of post-operative pain
associated with trochleoplasty procedures vary
among authors and it is difficult to compare,
especially in the case of patients treated for
patellar pain rather than dislocation [10, 20].
Even when the procedure is performed for the
treatment of patellar dislocation, post-operative
pain is a concern. Pain complicates trochleo-
plasty in previous studies from 15% [5] to 46%
[10] and up to 100% [12]. In the mid and long-
term evaluation, Von Knoch et al. [11] with an
8-year follow-up, recorded 49% of improve-
ment of pain and 33% of increase, and
Fucentese et al. [6] with 4 years follow-up,
recorded increase of pain in 7% of their cases.
In this series, patients were treated with
trochleoplasty for recurrent patellar dislocation
and not for patellofemoral pain alone. Post-
operatively, 75% showed decrease in pain and
25% that their symptoms remained unchanged
or increased. The unpredictability of post-
operative pain [6] and its probably strongest
association with severe cartilage lesions on
both femoral and patellar side before surgery
have been recorded [5-7].

The most concerning, though, potential
complication of trochleoplasty procedures is
the late development of osteoarthritis. Recurrent
patellar dislocation can lead to degenerative
changes if left untreated [27], and trochlear
dysplasia can accelerate osteoarthritis as well
[2, 11, 27], but the role of corrective surgeries
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in the development of arthritis is poorly
understood [28]. On one hand, trochlear
dysplasia can predispose to patellofemoral
arthritis and on the other hand, trochleoplasty
can be an additional factor for arthritis as with
any other corrective surgery for patellar
dislocation [27, 29]. But the main goal of
trochleoplasty remains to correct recurrent
dislocation and not to prevent arthritic changes.
An additional difficulty in estimating the risks
of arthritis from trochleoplasty is the presence
of severe cartilage lesions before surgery. The
only available long-term data so far, show the
presence of arthritic findings in 30% of patients
after 8 years of trochleoplasty, but the authors
recorded the presence of such degeneration in
most of the cases at the time of surgery and
attributed it to previous patellar dislocation
[11]. In the present study, there were no cases
of post-operative patellofemoral arthritis during
the last follow-up, even for the cases with
severe cartilage damage at the time of surgery.

In conclusion, sulcus-deepening trochleoplasty
is a good option for the primary surgical

treatment of carefully selected patients with
recurrent patellar dislocation and high-grade
trochlear dysplasia of type B or D. Concomitant
etiologic factors must also be cautiously
assessed. Trochleoplasty remains an important
revision option in the case of previously
operated patients with persistent patellar
dislocation and undiagnosed or underestimated
trochlear dysplasia, in whom neglect of
dysplasia and conventional surgery is probably
ill-fated. Combination of the procedure with
soft-tissue surgery, such as MPFL recons-
truction, is necessary to achieve normal
patellar kinematics. The effects of such
procedures are difficult to compare and there
is need for agreement on the choice of the
right candidate for trochleoplasty, the surgical
technique, the rehabilitation protocol, and the
post-operative parameters that must be
corrected. Mid-term  follow-up showed
satisfactory restoration of patellar stability
and functional knee scores, good to excellent
patient satisfaction with no major compli-
cations of subsequent arthritis or deterioration
of patellofemoral function.
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RECESSION WEDGE
TROCHLEOPLASTY FOR MAJOR
TROCHLEAR DYSPLASIA

M. THAUNAT, C. BESSIERE, N. PUJOL,
P. BOISRENOULT, P BEAUFILS

INTRODUCTION

The importance of dysplastic trochlea as a
component of patellar instability has long been
recognized. Elevation of the lateral trochlear
facet was first described by Albee [1] in 1915.
However, lateral trochlear elevation fell out of
favor because of subsequent patellofemoral
osteoarthritis. In 1966, operations to correct the
abnormality by deepening the sulcus were
introduced by Masse [2], who suggested
removing subchondral bone and impacting the
articular cartilage with a punch. This technique
was later modified by Henri Dejour [3], who
performed osteotomy of both femoral condyles
to create a V-shaped trochlear groove. Von
Knoch et al. [4] described another technique,
known as “the Bereiter technique”, in which an
osteochondral flap is raised from the trochlea
and a bony sulcus is fashioned using burrs; the
flaps are then depressed, making a smooth
groove, and fixed by vicryl tape; the technique
was later described by Blend and Schottle [5]
under arthroscopic control. A third type of
trochleoplasty was described by Goutallier et
al. [6], who performed “recession” trochleo-
plasty, whereby the prominent groove is
recessed to the level of the anterior femoral
cortex, without deepening the groove itself.
This procedure is technically less demanding
than a deepening trochleoplasty. Trochlear
wedge recession decreases patellofemoral

compression by increasing the angle between
the quadriceps muscle force and the patellar
tendon force (fig. 1). The aim is not to fashion
a groove, but to reduce the bump without
modifying patellofemoral congruence.

The purpose of the present short-term retro-
spective study was to determine whether
recession wedge trochleoplasty according to
the Goutallier technique was suitable for the
surgical treatment of patellar instability with
major dysplastic trochlea, defined as a domed,
rather than flat or shallow, chondral surface of
the proximal trochlea. It was hypothesized that

Fig. 1: Depression trochleoplasty according to the
Goutallier technique [12]: the aim is not to fashion
a groove but to reduce the bump without modifying
patellofemoral congruence. The trochlear wedge
recession decreases patellofemoral compression
by increasing the angle between the quadriceps
muscle force (M) and the patellar tendon force (P).
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recession wedge trochleoplasty is a safe
procedure for patellar instability with major
dysplastic trochlea, and effective in preventing
future patellar dislocation and in reducing
anterior knee pain. Since this procedure may
reduce patellofemoral joint reaction force
without modifying patellofemoral congruence,
it should also prevent late patellofemoral
degeneration.

METHODS

Patients

Between April 2004 and March 2009, 20
depression trochleoplasties were performed by
three different surgeons in our department on
18 patients (10 female, 8 male; 13 left knees,
7 right knees). One patient could not be
contacted for reassessment and was considered
lost to follow-up; 17 patients (19 knees) were
assessed at last follow-up. Mean age at
operation was 23 years (range, 18 to 45 yrs).
Mean symptom duration before trochleoplasty
was 7 years (range, 1 to 19 yrs); 7 knees had a
total of 15 previous operations (Table 1).
Indications  for  surgery were either
patellofemoral instability (n=14) or pain (n=5).
Patellofemoral instability was defined as
recurrent subluxation (n=3) or recurrent
dislocation (n=11) associated with dysplasia of

the femoral trochlea. Dysplasia was defined by
positive crossing sign and a trochlear bump,
according to the Dejour and Walch classification
(fig. 2) [7]. Persistent retropatellar pain and
crepitus due to trochlear dysplasia was the
indication in the remaining patients, who
experienced either only 1 dislocation (n=4) or
apprehension without dislocation (n=1). All
patients had failed to respond to conservative
treatment. Trochleoplasty was never isolated
but associated to either realignment of the
extensor apparatus or MPFL reconstruction,
according to the “a la carte” surgery concept.
Surgical treatment addressed each of 4 principal
factors whenever present: trochlear dysplasia,
tibial tubercle-trochlear groove offset (TT-TG),
patella alta, and/or patella tilt. All patients were
assessed clinically and had plain radiographs
and CT scans. Plain radiographs in this study
included weight-bearing AP view, non-weight-
bearing lateral view and Merchant view. As
long leg standing X-ray was not included in the
preoperative planning, the mechanical axis of
the leg could not be determined. Lateral views
were used to measure patellar height, according
to the Caton-Deschamps method [8] (normal
range, 0.6 to 1.2), and trochlear dysplasia.
Merchant views were used to measure patellar
tilt angle (PTA), the angle subtended by a line
between the edges of the patella and the
horizontal; a line along the subchondral bone
of the anterior patella can be substituted for the
edge-to-edge line [9]. CT was used to measure

Mo Gender Age Sde Lengthof Prewious Clirvcal findi Length of
sympioms {y] operations Apprehension ~ Dmlocasors Pan  followup {y)

1 F 18 R 2 Mane ++ * 2 4] 1
2 F i) L 3 Albes trochisoplasty wubluxation i 3
3 F 18 L 3 None s+ s 3 o 3

R 4 Mane +4 * 1 | 2
4 M bl L & Maone 4+ A =10 o 4
5 F a5 L 22 Lateral releames Emsie Trilat . [ subhaombion . ]
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& L] 24 L S None * + ~10 o 7
B W ] R 15 hann * 2 a 3
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Table 1: Patient demographics. Patellar apprehension was graded from 0 to ++: 0, no apprehension; +,
discomfort on extreme lateral translation of the patellar in extension, or true apprehension with voluntary
quadriceps contraction on lateral translation in extension; and ++, when the patient stops the clinician

touching the patella.
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Sassfysanssasaans

Fig. 2: Pre- and post-operative bump height measurement technique. 2A and 2B:
Drawings showing the Dejour and Walch method [7] for calculating bump height.
Point “D” is the junction between the posterior cortex and articular cartilage.
Bump height is measured between points “B” and “C”. 2C: Pre-operative lateral
radiograph: the bump height is positive. 2D: Postoperative lateral radiograph: the

bump height is now negative.

tibial tubercle offset from the trochlear groove
(TT-TG distance) [10], to assess severity of
trochlear dysplasia on the horizontal cuts
according to the Dejour system [11] (grade A:
crossing sign and shallow trochlea; grade B:
crossing sign, supratrochlear spur, flat trochlea;
grade C: crossing sign, double contour (“double
shape”), asymmetry of trochlear facets; grade
D: grade B + C, asymmetry of trochlear facets,
and cliff pattern) and to measure PTA,
subtended on CT scans by a line from one
corner of the patella to the other and measured
as the deviation of this line from the posterior
femoral condyles.

Operative technique

The patient was positioned supine. The
procedure was carried out under tourniquet.
Approach was made just lateral to the patella,
across the tibial tubercle (TT), and more distally
along the anterior ridge of the tibia in order to
perform TT transfer in the same step if required.
The technique aimed to treat the underlying
anatomical abnormality without compromising
the articular surface. This operation was
combined with proximal or distal realignment
to allow improved patellar tracking and limit
the risk of recurrence of patellar instability.
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Thus, TT-TG distance and Caton-Deschamps
index were addressed if outside the normal
range; this included TT distalization for
functional patella alta if the Caton-Deschamps
index was greater than 1.2 and TT medialization
in case of lateral patellar maltracking angle or
when tuberosity offset from the trochlear
groove was greater than 20 mm. MPFL
reconstruction was also performed in case of
increased lateral patellar mobility with positive
apprehension test or in case of abnormal
patellar tilt (greater than 20°) on CT. The lateral
retinaculum was exposed, and resected with a

10 blade. The synovium was excised and all
additional tethering tissue was released
proximally and distally. The method for
determining correction angle and wedge size
included a pre-operative radiological plan
and intra-operative measurement (fig. 3).
Osteotomies were drawn on the bone with a
dermographic pen according to the pre-
operative plan. The anteroposterior cut was
performed first, using a reciprocal saw. Then
the posterior cut was made, strictly parallel to
the frontal plane of the femur, from the lateral
side, and directed medially; it was found safer

Fig. 3: Recession wedge trochleoplasty surgical technique. 3A and 3B: The base of the wedge which is
removed should be the same in millimeters as the value of the trochlear bump, in order to allow the
trochlea to settle into a deeper position, without modifying the trochlear groove. 3C and 3D: Correction is
obtained after removal of the proximally based wedge by progressively applying pressure on the trochlea.
Fixation uses two 3.5mm cancellous screws, positioned just laterally to the cartilage surface.
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to begin the cut with a rigid osteotome and to
complete it with the saw. The end of the cut
ended approximately Smm from the sulcus
terminalis, in order to respect the distal
osteochondral hinge and facilitate wedge
closure. Then the anterior slanting cut was
made so as to join the first two cuts. Osteotomy
was completed and correction obtained after
removal of the proximally based wedge by
progressively applying digital pressure to the
trochlea. The amount of bone removed was just
enough to allow the trochlea to settle into a
deeper position, without modifying the
trochlear groove. Fixation used 3.5mm
cancellous screws, positioned just laterally to
the cartilage surface with heads which could be
countersunk into the bone. Initially, 3 cancellous
screws (2 lateral, 1 medial) were used; this was
later changed to just 2 lateral screws, without
any problem to date. Patients were managed in
an extension brace for the first 6 weeks
postoperatively. They were allowed to mobilize,
bearing full weight on crutches. The protocol
included restricting knee flexion to 0-60° for
the first 3 postoperative weeks, and then slowly
increasing the range of motion by daily
increments up to 90° at the 6™ week.

Postoperative assessment

Postoperative assessment included clinical
examination, assessment of symptoms (pain)
and functional scores. Patients were followed
up with plain radiographs (standing AP, lateral
and Merchant views). A physical exam was
performed by an independent observer; KOOS
[12], IKDC and Kujala [13] scores were used.
Different subgroups of patients were compared
to identify predictive factors for success of
trochleoplasty: with or without prior surgery;
patellofemoral chondropathy observed during
surgery; degenerative change on preoperative
radiographs. Patellofemoral cartilage damage
was assessed using the ICRS classification.
Patellofemoral chondropathy at the time of the
index operation was defined as an abnormal
(grade 2: lesions extending down to <50% of
cartilage depth) or severely abnormal aspect of
the cartilage (grade 3: lesions extending down
to >50% of cartilage depth or to calcified layer

or blisters; or grade 4: osteochondral injury,
lesions extending just through the subchondral
bone-plate, or deeper defects down into
trabecular bone) [14].

Patellar height and trochlear dysplasia were
assessed on the lateral view. Measurements
were performed by the same independent
observer on a digitized version of the lateral
X-rays, according to the technique described
by Dejour [7] (fig. 2). PTA was assessed on the
Merchant view [8].

RESULTS

Seven of the 19 knees had had previous surgery
for instability (Table 1). Symptom duration
prior to the index operation ranged from 1 to
22 years (mean, 11 years). Trochlear dysplasia
was classified as grade A in 1 case, grade B in
7, grade C in 5 and grade D in 6. The
patellofemoral articular surface was considered
macroscopically normal at the time of operation
in 14 knees and abnormal in 5 on the ICRS
classification; lesions were grade 3 on the
patella (n=3), grade 2 on the patella and lateral
trochlea (n=1), and grade 2 on the patella (n=1).
At the time of operation, all knees required
additional procedures to correct instability
factors (Table 2). Thirteen knees underwent TT
medialization and distalization, 1 distalization
only, 2 medialization only and 2 underwent TT
lateralization to correct negative TT-TG caused
by a previous surgery. Eight knees underwent
MPFL reconstruction according to the technique
described by Fithian et al. [15]. Minimum
follow-up was 12 months, with a mean of 34
months (range, 12 to 71).

Complications

There were no intra- or peri-operative adverse
events such as nerve injury, vascular problems
or deep venous thrombosis. No patients showed
non-union of the osteochondral block. One
patient required arthrolysis for knee stiffness
1 year after the index operation: knee flexion
before the second operation was 100°, and 140°
after arthroscopic arthrolysis associated to
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Table 2: Pre- and post-operative radiological results and operative details. PH=patellar height, BC=Boss
height, AC=Ridge height, TTTG=tibial tubercle-trochlear groove distance, PTA=patellar tilt angle,
SA=sulcus angle, TD=trochlear depression, LR=lateral release, MPFL=medial patellofemoral ligament,
MTT=medialization of tibial tubercle, DTT=distalization of tibial tubercle, Y=yes, N=no. Patellar apprehension
was graded from 0 to ++: 0, no apprehension; +, discomfort on extreme lateral translation of the patellar in
extension, or true apprehension with voluntary quadriceps contraction on lateral translation in extension;
and ++, when the patient stops the clinician touching the patella.

hardware removal; the patient maintained full  Clinical outcome

range of motion, and was satisfied at last

follow-up. One patient required arthroscopic  All patients except 1 were satisfied or very
supratrochlear exostosectomy for a persistent  satisfied by the operation. Functional outcome
ridge causing pain without symptoms of  on the various scores is summarized in Table 3.
patellar instability; he too was satisfied, and ~ Mean objective knee score at last follow-up
had no complaint at last follow-up. A further 8 was 80 (+17) for the Kujala score, 70 (+18) for
operations were needed to remove anterior  the KOOS and 67 (+17) for the IKDC. Patients
tibial tubercle screws, due to pain over the  with history of surgery, patellofemoral
screw site; screws were also systematically  chondropathy discovered during surgery (ICRS
removed from the trochlea during the same  grade >2) or degenerative change on pre-
revision operation, although well tolerated.  operative radiographs tended to show lower
One patient required 2 revisions for tibial — Kujala scores at last follow-up, but the
tubercle non-union, which healed with a  difference was not significant (fig. 4).
satisfactory result.
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Fig. 4: Kujala score at last follow-up according to pre-operative status. Two groups were constituted for
each of the 3 criteria analyzed (previous surgery, patellofemoral chondropathy, and patellofemoral
osteoarthritis according to the lwano system [10]).

F-F sl oqpafley Trmss ade O Ty tache 1




RECESSION WEDGE TROCHLEOPLASTY FOR MAJOR TROCHLEAR DYSPLASIA

All patients operated on for painfree instability
(n=7) had slight pain at last follow-up. The
pain was generally localized around the tibial
tubercle screw sites. All patients, except 1 who
complained of pre-operative pain, (n=11)
reported significant pain improvement at last
follow-up (Table 3).

The operation failed to stabilize the
patellofemoral joint in 2 cases. One had a fall,
sustaining dislocation of the patella, managed
conservatively without further episodes of
instability. One patient had recurrent patello-
femoral instability; she had had 3 tibial tubercle
transpositions before the operation but was still
in pain and unstable, and remained unchanged
after the index operation; she was the only
patient who declared she was disappointed by
the operation.

Radiological outcome

Mean trochlear groove height (BC) changed
from 4.8mm (range, 0 to 8mm) pre-operatively
to -0.8mm (range, -8 to 6mm) post-operatively,
and mean trochlear ridge height (AC) from
9.lmm (range, 5 to 13mm) to 3.4 mm (-4 to
11mm). Mean PTA on Merchant view changed
from 14° (range, 6° to 26°) to 6° (range, -1° to
24°). There was no significant difference in
PTA correction according to associated
MPFL reconstruction. Six patients showed
radiological signs of patellofemoral osteo-
arthritis at last follow-up. Radiological changes

appeared in 3 patients and the 3 cases of pre-
operative Iwano grade 1 [16] scored as grade 2
at last follow-up.

DISCUSSION

The most important finding of the present study
was that recession wedge trochleoplasty is
feasible as an additional procedure for patellar
instability with major trochlear dysplasia. The
ideal indication for recession wedge
trochleoplasty is painful patellofemoral
instability with major trochlear dysplasia
(grade B, C or D on Dejour’s classification,
with trochlear prominence >5mm), or when
other procedures have failed to provide
patellofemoral stability. Depression trochleo-
plasty seems to prevent future patellar
dislocation and is effective in reducing anterior
knee pain in these difficult primary cases or in
revision when other realignment procedures
have failed. It also provides improvement in
radiographic measurements, including a
decrease in trochlear prominence and patellar
tilt angle. The present results are similar to
those of several investigators in terms of
improved subjective short-term outcome scores
[2, 6, 17-21] (Table 4). However, comparison
with other series is difficult since surgical
procedures and follow-up varied, numbers
were often small and patients were sometimes
treated for pain rather than instability [6, 21]. It
isnotpossible to assess the role of trochleoplasty
in patellofemoral stability, as it was never

Table 3: Further postoperative procedures, clinical findings at follow-up, and satisfaction scores.
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Table 4: Literature review: trochleoplasty for major dysplastic trochlea.
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isolated and associated abnormalities were
always corrected in the same surgical step. We
think, however, that correcting trochlear depth
abnormality plays a major role in stabilizing
the patella by facilitating proper entrance of the
patella into the trochlea. Depression
trochleoplasty was found to enable PTA
correction even when the MPFL was not
reconstructed, and is effective in revision when
other procedures had failed, as reported by
Goutallier et al. [6]. Thus, MPFL reconstruction
should not be necessary when recession wedge
trochleoplasty has been performed, as the
reduction in trochlear prominence prevents
lateral misdirection and facilitates patellar
sliding into the trochlear recess. The instability
recurrence rate of around 10% (n=2) in the
present series was acceptable, given thatin 1 of
the cases trauma was implicated in the recurrent
patellar dislocation, and the other was a difficult
multi-operated knee in which three previous
stabilization procedures had already failed.

Deepening trochleoplasty is often not attempted
because of surgeons' limited familiarity with
this demanding surgical technique. There is,
moreover, no reliable landmark to determine
where to locate the new trochlear groove. In
comparison, recession wedge trochleoplasty
requires assessment of the abnormal geometry,
but is not difficult to master. Wedge recession
is identical in principle to deepening
trochleoplasty, except that a wedge rather than
a trench of bone is removed so as to create a
new sulcus. It was first described by Goutallier
and early results were encouraging [6]. The
aim is to lower the subchondral bone of the
trochlear groove at the anterior cortex of the
femoral shaft without modifying its shape.

A study performed on fetuses by Glard et al.
suggested that the anatomic characteristics of

the patellar groove were integrated into the
genome during the course of evolution [22].
This would be in favor of a genetic origin for
patellar groove dysplasia. Postnatally, the
position of the patella in relation to the trochlea
plays a major role in the final shape of the
patella and trochlea, which develop congruent
articulating surfaces [23, 24]. Moreover, there
is a difference between the bony and cartilage
morphology of the patellofemoral joint [25,
26], so that congruent cartilaginous articulation
may coexistwithunderlyingbonyincongruence.
From this point of view, lowering without
deepening the groove facilitates the entry of the
patella into its groove with respect to
patellofemoral congruence. The aim of the
procedure is to diminish the central bump
responsible for patellar misdirection and lateral
subluxation and to guarantee adequate trochlear
depth, and maximal hyaline cartilage
conservation without affecting patellofemoral
cartilage congruence.

The risks associated with deepening trochleo-
plasty include breaking the osteochondral flap,
distal detachment, and excessive thinning of
the flap, decreasing blood supply. There are
also concerns about articular cartilage viability
following trochleoplasty. Recession wedge
trochleoplasty should decrease the risk of
chondral damage and necrosis. Since the
dysplastic segment of the trochlea is lifted as a
single osteochondral block and there is no need
to fashion a new groove by -cutting the
osteochondral flap, it is possible to conserve
more subchondral bone, thus decreasing the
risk of possible severe irreversible articular and
subchondral injury, especially in older patients
where cartilage is less flexible. Moreover, the
wedge and trochlear recess are flat and
complementary, whereas in deepening trochleo-
plasty, the osteochondral flap might not tally
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perfectly with the V-shaped recipient bed.
Areas of slight cohesion between cut surfaces,
and the use of suture instead of screws to secure
the flap could slow down osseointegration.
However, these considerations are theoretical,
as chondrolysis has in fact never been observed
in deepening trochleoplasty. Articular cartilage
is avascular, and keeping thick flaps protects
subchondral bone and theoretically allows
early vascularization through the cancellous
bone. Schéttle, studying cartilage viability after
Bereiter trochleoplasty [27], found that tissue
in the trochlear groove remained viable,
conserving distinctive hyaline architecture and
composition with only a few minor changes in
the calcified layers.

The present study, however, has several
weaknesses. In the absence of a control group,
it was not possible to know whether the
additional procedure provided any additional
benefit. It was not possible to assess the role of
trochleoplasty in the patellofemoral stability, as
it was never isolated but systematically
associated to other corrections within the same
surgical step. The study was retrospective, with
short-term follow-up, and patients were
heterogeneous. Some had already had several
operations which had failed, or already showed
patellofemoral degeneration at the time of
surgery. Although multi-operated patients had
lower functional scores at last follow-up than
those operated for the first time, they too were
satisfied with their result. None of the patients
was completely pain-free at last follow-up,
although symptoms and functional activity
improved. Patients operated for pain-free
instability were satisfied overall, although all
reported slight pain at last follow-up. This pain
was mostly difficult to attribute directly to the
trochleoplasty, due to the multiplicity of
associated procedures. However, trochleoplasty
should be considered with caution in this
indication, not being actually necessary for
consistent success with surgical treatment of
recurrent patellar dislocation despite dysplastic
trochlea. Two authors reported the results of
reconstruction of the medial patellofemoral
ligament in patients with trochlear dysplasia
[28, 29]: there was no significant association
between severity of dysplasia and Kujala score

ineitherstudy. Finally, depressiontrochleoplasty
is not without disadvantages. It reduces but
does not abolish the bump and convex dome
shape of the trochlea, and the groove created is
not deep enough for the lateral facet to block
any further tendency of the patella to dislocate.
In the present series, it failed to stabilize the
patella in 2 cases, and 2 complications were
surgery-related and required surgical revision:
1 patient required arthrolysis for postoperative
knee stiffness and the other required arthro-
scopic exostosectomy near the trochlea for a
persistentridge. However, these 2 complications
were not directly related to the specific surgical
technique of depression trochleoplasty, and the
rate of complications and failure remained low
and quite similar to other trochleoplasty series
[6, 17, 20, 21]. While recession wedge
trochleoplasty was effective in reducing
anterior knee pain, it did not seem to halt the
progression of patellofemoral arthritis, although
follow-up was too short for any definite
conclusions to be drawn. At last follow-up,
6 knees showed osteoarthritic changes in the
patellofemoral compartment according to the
Iwano classification, which was similar to the
results obtained with deepening trochleoplasty
[4]; however, MRI or CT to determine
postoperative  cartilage status were not
systematically performed at last follow-up, and
these results must be interpreted with caution.
Future studies with larger numbers of patients
and long-term follow-up would be needed to
confirm that surgical correction of trochlear
dysplasia can slow down late patellofemoral
degeneration.

CONCLUSIONS

Despite encouraging clinical results, correction
of trochlear dysplasia is usually not attempted
because it is technically difficult, introduces a
significant potential for complications and is
usually not necessary for a successful outcome.
However, this procedure should be considered
in case of painful instability with severely
dysplastic trochlea (trochlear dysplasia grade
B, C or D on Dejour’s classification, with
trochlear prominence >5mm) or in revision
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when other procedures have failed to obtain
patellofemoral stability. Recession wedge
trochleoplasty is a simple and safe procedure
which seems to be effective in providing
patellofemoral stability and pain relief. Our

attitude is to perform recession wedge
trochleoplasty never in isolation but in
association to realignment of the extensor
apparatus according to the “a la carte” surgery
concept.

REFERENCES

[1] ALBEE F. The bone graft wedge in the treatment of
habitual dislocation of the patella. Med Rec 1915; 88: 257-9.

[2] MASSE Y. Trochleoplasty. Restoration of the
intercondylar groove in subluxations and dislocations of the
patella. Rev Chir Orthop 1978, 64: 3-17.

[3] DEJOUR D, SAGGIN P. The sulcus deepening
trochleoplasty. The Lyon’s procedure. Int Orthop 2010, 34:
311-16.

[4] VON KNOCH F, BOHM T, BURGI ML, VON KNOCH
M, BEREITER H. Trochleaplasty for recurrent patellar
dislocation in association with trochlear dysplasia. A 4- to
14-year follow-up study. J Bone Joint Surg (Br) 2006, 88:
1331-35.

[5]BLOND L, SCHOTTLE PB. The arthroscopic deepening
trochleoplasty. Knee Surg Sports Traumatol Arthrosc 2010;
18: 480-5.

[6] GOUTALLIER D, RAOU D, VAN DRIESSCHE 8.
Retro-trochlear wedge reduction trochleoplasty for the
treatment of painful patella syndrome with protruding
trochleae. Technical note and early results. Rev Chir Orthop
2002, 88: 678-85.

[7] DEJOUR H, WALCH G, NEYRET P, ADELEINE P.
Dysplasia of the femoral trochlea. Rev Chir Orthop 1990, 76:
45-54.

[8] GRELSAMER RP, BAZOS AN, PROCTOR CS.
Radiographic analysis of patellar tilt. J Bone Joint Surg (Br)
1993 ;75(5): 822-24.

[9] CATON J, DESCHAMPS G, CHAMBAT P, LERAT JL,
DEJOUR H. Patella infera. A propos of 128 cases. Rev Chir
Orthop. 1982; 68(5): 317-25.

[10] GOUTALLIER D, BERNAGEAU J, LECUDONNEC
B. The measurement of the tibial tuberosity. Patella groove
distance: technique and results. Rev Chir Orthop. 1978;
64(5): 423-8.

[11] DEJOUR D, LE COULTRE B. Osteotomies in patello-
femoral instabilities. Sports Med Arthrosc 2007; 15: 39-46.

[12] ORNETTI P, PARRATTE S, GOSSEC L, TAVERNIER
C, ARGENSON JN, ROOS EM, GUILLEMIN F,
MAILLEFERT JF. Cross-cultural adaptation and validation
of the French version of the Knee injury and Osteoarthritis
Outcome Score (KOOS) in knee osteoarthritis patients.
Osteoarthritis Cartilage 2008; 16: 423-28.

[13] KUJALA UM, JAAKKOLA LH, KOSKINEN SK,
TAIMELA S, HURME M, NELIMARKKA O. Scoring of
patellofemoral disorders. Arthroscopy 1993, 9(2): 159-63.
[14] BRITTBERG M, WINALSKI CS. Evaluation of
cartilage injuries and repair. J Bone Joint Surg (Am) 2003;
85-A Suppl 2: 58-69.

[15] DAVIS DK, FITHIAN DC. Techniques of medial

retinacular repair and reconstruction. Clin Orthop Relat Res
2002; 402: 38-52.

[16] TWANO T, KUROSAWA H, TOKUYAMA H,
HOSHIKAWA Y. Roentgenographic and clinical findings of
patellofemoral osteoarthrosis. With special reference to its
relationship to femorotibial osteoarthrosis and etiologic
factors. Clin Orthop Relat Res 1990, 252: 190-7.

[17] DONELL ST, JOSEPH G, HING CB, MARSHALL TJ.
Modified Dejour trochleoplasty for severe dysplasia:
operative technique and early clinical results. Knee 2006,
13:266-73.

[18] GOUGEON F, VANOVERMEIRE P, MIGAUD H,
DEBROUCKER MIJ, SPIERS A, DUQUENNOY A.
Résultats apres 3 ans de recul de 51 trochléoplasties pour
instabilité frontale fémoropatellaire. Rev Chir Orthop 1996,
87(82): 85-6.

[19] REYNAUD P. Les trochleoplasties —creusement. &
Journees Lyonnaises de chirurgie de genou 1995: 176-90.

[20] UTTING MR, MULFORD JS, ELDRIDGE JD. A
prospective evaluation of trochleoplasty for the treatment of
patellofemoral dislocation and instability. J Bone Joint Surg
(Br) 2008; 90: 180-5.

[21] VERDONK R, JANSEGERS E, STUYTS B.
Trochleoplasty in dysplastic knee trochlea. Knee Surg Sports
Traumatol Arthrosc 2005; 13: 529-33.

[22] GLARD Y, JOUVE JL, GARRON E, ADALIAN P,
TARDIEU C, BOLLINI G. Anatomic study of femoral
patellar groove in fetus. J Pediatr Orthop. 2005; 25(3):
305-8.

[23] TARDIEU C, DUPONT JY. Origine des dysplasies de
la trochlea femorale. Rev Chir Orthop 2001; 87: 373-83.

[24] FUCENTESE SF, VON ROLL A, KOCH PP, EPARI
DR, FUCHS B, SCHOTTLE PB. The patella morphology in
trochlear dysplasia: a comparative MRI study. Knee 2006;
13:145-50.

[25] SHIH YF, BULL AM, AMIS AA. The cartilaginous and
osseous geometry of the femoral trochlea groove. Knee Surg
Sports Traumatol Arthrosc 2004, 12: 300-6.

[26] STAEUBLI HU, BOSSHARD C, PORCELLINI P,
RAUSCHNING W. Magnetic resonance imaging for
articular cartilage: cartilage-bone mismatch. Clin Sports
Med 2002, 21: 417-33.

[27] SCHOTTLE PB, SCHELL H, DUDA G, WEILER A.
Cartilage viability after trochleoplasty. Knee Surg Sports
Traumatol Arthrosc 2007, 15: 161-7.

[28] CHRISTIANSEN SE, JACOBSEN BW, LUND B,
LIND M. Reconstruction of the medial patellofemoral

ligament with gracilis tendon autograft in transverse patellar
drill holes. Arthroscopy 2008; 24.: 82-7.

[29] THAUNAT M, ERASMUS PJ. The favourable
anisometry: an original concept for medial patellofemoral
ligament reconstruction. Knee 2007; 14: 24-8.




DEEPENING TROCHLEOPLASTY:
THE LYON PROCEDURE
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INTRODUCTION

Trochlear dysplasia is one of the major factors
causing patellar instability. This anatomical
abnormality is present in 96% of the people who
present patellar dislocations [1]. Trochleoplasty
is the procedure designed to correct the abnormal
shape of the trochlea improving patellar tracking
and avoiding instability.

To understand the principles of modifying
trochlear shape, its function must be understood.
The lateral facet of the trochlea is oriented
obliquely in both sagittal and coronal planes. It
deviates anteriorly and laterally from the
bottom of the groove. The articulating opposed
lateral patellar surface follows this orientation.
As the patella engages the trochlea in early
flexion, a posterior directed force (patello-
femoral reaction force) pushes the patella
against the trochlea, and as a result of the
articulating surfaces configuration, a medial
vector is created, directing patellar tracking.

INDICATIONS

Trochleoplasty is indicated in patients with
high-grade trochlear dysplasia and patellar
instability, particularly when abnormal tracking
of the patella is observed, after the second or
third documented dislocation.

Image evaluation is essential to understand the

trochleardysplasiaand toallow its classification.

Dysplastic trochleae are shallow, flat or even

convex. This is represented on lateral X-rays

by the crossing sign — the groove line reaches

(or crosses) the line representing the facets.

Two other features typical of dysplastic

trochleae on lateral views are the supratrochlear

spur, located on the superolateral aspect of the
trochlea, and the double contour sign,
representing the medial hypoplastic facet.

Based on these signs, aided by computed

tomography (CT) axial views, trochlear

dysplasia may be classified in four types 2:

* Type A: presence of crossing sign in the
lateral true view. The trochlea is shallower
than normal ones, but still symmetric and
concave.

* Type B: crossing sign and trochlear spur. The
trochlea is flat in axial images.

e Type C: presence of crossing sign and, in
addition, the double-contour sign can be
found on the lateral view, representing the
medial hypoplastic facet. There is no spur. In
axial views, the lateral facet is convex and the
medial hypoplastic.

* Type D: combines all the mentioned signs:
crossing sign, supratrochlear spur and double-
contour sign. In the axial view, there is clear
asymmetry of the facets height, also referred
to as a cliff pattern (fig. 1).
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Fig. 1 : Trochlear dysplasia classification (D. Dejour).

Trochleoplasty is indicated in dysplasia types
B and D, when there is prominence of the
trochlea. Type A is low grade trochlear dysplasia
and should not be responsible for instability, if
present. Type C represents a subtype of
trochlear dysplasia not suited for sulcus
deepening trochleoplasty since the trochlea is
already hypoplastic and bone removal is
contraindicated.

Open growth plates are a contraindication to
trochleoplasty. Early (or established) arthritis is
another contraindication since trochleoplasty
can worsen the cartilage status.

To achieve successful outcomes, associated
abnormalities should also be addressed. TT-TG
is corrected when trochleoplasty is carried out
since the trochlear groove is moved laterally
from its native location.

SURGICAL TECHNIQUE
Positioning

The patient is positioned lying supine. A lateral
pad applied to the proximal thigh and a distal
support under the foot allow the knee to be kept
flexed by approximately 80 degrees. Full range
of motion is possible during the procedure.

Exposure

A straight midline incision is performed from
the superior patellar limit to the tibiofemoral
articulation with the knee flexed. The
arthrotomy is performed through the medial
capsule. Proximally, the wvastus medialis
obliquus 1is split in line with its fibers 4cm
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proximally into the muscle belly. After
inspection, the patella is retracted laterally,
providing adequate trochlear exposure.

Before starting the osseous procedure, the
synovium must be removed from the edge of
the trochlea. It is incised with a scalpel on the
cartilage edge and a periosteal elevator is used
to retract it away from the trochlear edge.

Trochlear planning

A line deviating 3 to 6 degrees laterally is
drawn proximally from the intercondylar notch
representing the bottom of the new groove. The
lateral margins are also drawn from the
intercondylar notch through the sulcus

terminalis of each condyle. The proximal part
of the new groove can be positioned according
to the TT-TG value in order to correct a possible
malalignment (fig. 2).

Fig. 2 : The new trochlea is planned over the native
one. The central line deviating slightly laterally
represents the bottom of the groove. Note that
cortical bone has already been removed from the
osteochondral edge.

Bone removal

A strip of cortical bone (corresponding to the
amount of the bump) from the anterior femoral
cortex till the cartilage edge must be removed,
using a thin osteotome. This creates the access
to the under surface of the trochlea and
constitutes the first step to bring the new
trochlea to a normal position (not prominent)
and eliminate the bump.

The cancellous bone that lies under the trochlear
cartilage must also be removed to reshape and
reposition the new trochlea. Osteotomes and
curettes are helpful in the procedure, but a drill
with a specific depth guide is used for this
purpose. This depth guide is set to allow bone
removal from the cartilage undersurface
producing a uniform cartilage-bone shell of 5
millimeters. It avoids cartilage damage and
thermal necrosis which could result from
excessive bone removal (fig. 3). The shell
produced must be sufficiently compliant to
allow modeling. Without the guide, bone must
be removed especially from where the new
planned sulcus will lie. All bone that projects
beyond the anterior femoral cortex should be
removed (fig. 4).

Fig. 3 : Cancellous bone removal with a drill and a
specific guide.
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Fig. 4 : The bone from the undersurface of the
trochlea has been removed. All bone that projects
beyond the anterior cortex of the femur must be
resected in order to eliminate the bump.

The cartilage-bone flap should sit flush on the
underlying bone bed. The bone bed should be
deepened in its central portion to recreate and
adequate the groove. Once the flap is
adequately modeled over the bone bed and the
trochlear conformation is satisfactory, fixation
is performed.

Fixation

Absorbable vycril sutures are used to fix the
cartilage-bone flap to the underlying bone bed.
One suture is passed from each facet and tied
over the respective medial and lateral gutters;
this allows pulling down the new groove with
similar pressure of both facets on the cancellous
bone, promoting a perfect healing (fig. 5).

s gy e

Fig. 5 : After fixation, trochlear anatomy resembles
that of normal knees.

The synovium that was formerly dissected
away from the osteochondral margin is sutured
back to it. This protects the patellar cartilage
from the femoral bone and minimizes blood
loss through the exposed cancellous bone.

Patellar tracking check-up: After satisfactory
trochlear shape is achieved, the associated
planned procedures are performed. We
routinely perform an associated medial
patellofemoral ligament reconstruction. After
the complete procedure is done, patellar
tracking and stability are checked.

Closure

Closure of the medial retinaculum is the final
step. No drains are installed.

Post-op protocol

Immobilization or weight restriction are not
necessary. Early mobilization on a continuous
passive motion device improves cartilage
nutrition and helps further trochlear modeling
by the patella. Immediate weight bearing is
allowed with an extension brace and flexion
must be regained without forced or painful
postures. Early rehabilitation goals are pain
and edema reduction and range of motion
recovery. The brace is removed when the
quadriceps strength allows the patient to walk.
Quadriceps strengthening with weights on the
foot or the tibial tubercle is prohibited in the
initial phase. After 45 days, cycling with weak
resistance and weight bearing proprioceptive
exercises may be initiated. From the 4% to the
6" month, running can be reinitiated and
quadriceps reinforcement with open kinetic
chain exercises between 0 and 60 degrees and
minor loads are allowed. Sports return is
allowed after the 6™ month.

Control X-rays are obtained postoperatively
immediately and at 6 weeks. Six months after
the procedure, a CT scan is performed to
document the obtained correction.




DEEPENING TROCHLEOPLASTY: THE LYON PROCEDURE

COMPLICATIONS

Complications include trochlear necrosis,
cartilage damage, incongruence with the
patella, and hypo or hypercorrection. Trochlear
necrosis seems not to occur, since the cartilage
nutrition is not dependent on the underlying
bone. Schottle [3] performed biopsies in three
patients after trochleoplasty, showing cartilage
cell viability and flap healing. He concluded
that the risk of cartilage damage is low.

Incongruence with the patella is another
possible complication, especially because
patellar dysplasia is common in this population,
but the long term outcomes are not known.
Hypo or hypercorrection, along with missed
associated abnormalities may cause failure of
the procedure.

RESULTS

Trochleoplasty results are generally good in
terms of stability and function, while the results
for pain are less clear.

Fucentese et al. [4], using CT scans pre and
post-operatively, demonstrated that trochleo-
plasty lateralized the trochlear groove and
medialized the patella, increased the trochlear
depth, decreased the lateral patellar inclination
angle, decreased the sulcus angle and increased
the lateral trochlear slope, thus recreating a
more normal anatomy. Amis et al. [5] studied
the patellar tracking in normal knees, after
simulating dysplasia and again after performing
a trochleoplasty and concluded that trochleo-
plasty increased stability and provided small
but significant changes in patellar tracking.

Two series reviewing clinically deepening
trochleoplasty were published in the “70¢
Journées Lyonnaises de Chirurgie du Genou”
in 2002: The first group included 18 patients
who had failed patellar surgery for instability,
with a mean age of 24 years at surgery. The
mean follow up was 6 years (2 to 8 years, no
patients lost to follow up). The new surgery
was 6 times indicated for pain and 12 times for
recurrence of instability. The average number
of surgeries before the trochleoplasty was 2.

The deepening trochleoplasty was associated
to a tibial tubercle medialization in 8 patients,
in 6 to a tibial tubercle distalization and in 18 to
a vastus medialis obliquus advancement. All
patients were reviewed clinically with the
IKDC form and radiographically. Sixty five
percent were satisfied or very satisfied. The
knee stability was rated 13 times A and 5 times
B. Twenty eight percent of the patients had
residual pain, and this was correlated to the
cartilage status at surgery. Two patients
developed patellofemoral arthritis. The mean
patellartilt was 35° (18°-48°) in the preoperative
setting, and improved to 21°(11°-28°) with the
quadriceps relaxed and 24° (16°-32°) with the
quadriceps contracted after the surgery.

In the second group there were 44 patients.
They had no antecedents of patellofemoral
surgery. The mean follow up was 7 years (2 to
9 years). Twenty two tibial tubercle mediali-
zations, 26 distalizations and 32 vastus medialis
obliquus advancements were associated at the
time of surgery. These patients were also
reviewed clinically with the IKDC form and
radiographically. Eighty five percent were
satisfied or very satisfied. The knee stability
was rated 31 times A and 13 times B. Five
percent had residual pain, but this was not
correlated to the cartilage status at surgery. No
patellofemoral arthritis was noted. The mean
patellar tilt preoperatively was 33 © (24°-52°),
and improved postoperatively to 18° (9°-30°)
with the quadriceps relaxed and 22° (14°-34°)
with the quadriceps contracted.

Other authors also reviewed deepening
trochleoplasty. Verdonk et al. [6] described
13 procedures with a mean follow-up of
18 months. Patients were assessed using the
Larsen-Lauridsen score considering pain,
stiffness, crepitus, flexion and loss of function.
Seven patients scored poorly, three fairly and
three well. On a subjective scoring system,
however, six patients rated the result as very
good, four as good and one as satisfactory.
Only two patients found the result inadequate
and would never undergo the procedure again.
Thus, 77% were satisfied with the procedure.
Donnel et al. [7] described 15 patients
(17 knees) submitted to deepening trochleo-
plasty with a mean follow-up of 3 years.
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Trochleoplasty was indicated if there was a
boss greater than 6mm, and associated
procedures performed as required. Of the 17
knees, 9 had undergone previous surgery for
patellar instability. The boss height was
reduced, postoperatively, from an average of
7.5mm to 0.7mm. Tracking became normal in
11 knees and six had a slight J-sign. Seven
knees had mild residual apprehension. Seven
patients were very satisfied, six were satisfied,
and two were disappointed. The Kujala score
improved from an average of 48 to 75.

CONCLUSION

Deepening trochleoplasty is indicated in
patients with high-grade trochlear dysplasia
(types B or D) and abnormal patellar tracking.
It is part of the “menu a la carte” used to the
correct each of the anatomical abnormalities,
one by one. The technical procedure is highly
demanding and prone to complications. It is,
however, effective in providing stability and
achieves satisfactory clinical results.
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LES TROCHLEOPLASTIES
DE RELEVEMENT

C. MAYER, G. PASQUIER, F. GOUGEON,
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INTRODUCTION

AT origine de la chirurgie de I’instabilité patel-
laire, nous pouvons citer les travaux de Drew et
Albee [1] qui, au début du siécle, ont ébauché
les premieres bases, puis plusieurs techniques
chirurgicales ont été proposées pour corriger
les différentes anomalies anatomiques mar-
quant cette pathologie.

Le principal facteur anatomique de I’instabilité
fémoro-patellaire a été identifié comme étant la
dysplasie de la trochlée.

Deux types de trochléoplasties pour corriger
cette anomalie ont été¢ développés, soit la tro-
chléoplastie de relévement de la facette latérale
de la trochlée décrite par Albee, soit la tro-
chléoplastie de creusement de la gorge de la
trochlée décrite par Masse.

Nous rapportons ici les résultats des patients
ayant eu une trochléoplastie de relévement qui
ont été opérés entre 1988 et 1995 dans le ser-
vice d’orthopédie du CHRU de Lille.

Cette cohorte présente un recul moyen de 16 ans.

Le but de ce travail était d’évaluer a long terme
les résultats de cette trochléoplastie sur 1’insta-
bilit¢ fémoro-patellaire et accessoirement de
voir ’apparition d’arthrose.

MATERIEL ET METHODE

Tous les patients ont été revus par le méme
examinateur qui n’avait pas participé aux in-
terventions.

Nous avons revu 31 patients (37 genoux), au
recul moyen de 16 ans (11 ; 21), avec un sex-
ratio (H/F) de 0,23, ayant eu une trochléoplas-
tie de ce type entre 1988 et 1995, a I’age de
28 ans en moyenne (6 ; 16). Vingt-huit patients
étaient porteurs d’une instabilité rotulienne ob-
jective (luxations récidivantes), neuf porteurs
d’une instabilité potentielle. Toutes les tro-
chlées étaient dysplasiques et selon la classifi-
cation de D. Dejour, il y avait 10 types A, 2 ty-
pes B, 23 types C, et 2 types D. Douze patients
¢étaient en échec d’une transposition isolée de
la tubérosité tibiale et gardaient une instabilité
rotulienne.

Par une voie d’abord antérieure et puis une
arthrotomie latérale, I’intervention consistait,
en un relévement, de 5 mm en moyenne, de la
berge externe de la trochlée, gardant les char-
niéres médiales et inféricures, comblés avec
une autogreffe prise aux dépens du tibial ipsi-
latéral (tubercule de Gerdy). La fixation de
I’ostéotomie était assurée par une ostéosuture.
Les genoux étaient ensuite immobilisés dans
une attelle amovible en extension. La réédu-
cation était entreprise dés le lendemain de
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I’opération, initialement par un réveil muscu-
laire puis par une mobilisation passive et dou-
ce du genou.

10 genoux n’avaient pas eu de geste sur la tubé-
rosité. Une médialisation pure selon la techni-
que d’Elmslie-Trillat a été faite chez 14 pa-
tients, un abaissement isolé de la tubérosité a
été réalisé dans un seul cas, et une médialisa-
tion associée a un abaissement de la tubérosité
dans 10 cas. Pour deux patients, une deuxiéme
transposition de tubérosité tibiale antérieure a
da étre réalisée.

Une plastie interne du muscle vaste médial a
¢été utilisée dans 18 cas, 13 patients ont eu une
plastie du muscle Sartorius et 6 patients n’ont
pas eu de plastie musculaire interne. 7 patients
ont été¢ opérés d’une plastie du muscle vaste
latéral.

Nous avons évalué, le degré de satisfaction
(quatre réponses possibles : tres satisfait, plutot
satisfait, décu, mécontent), la question : “Le
referiez-vous, en sachant les suites ?” (deux ré-
ponses possibles : oui ou non) et la fiche d’éva-
luation fonctionnelle lilloise de 1’articulation
fémoro-patellaire [6].

Cette fiche était cotée sur 100 points, qui se ré-
partissaient pour presque la moitié (45 points)
sur les deux plaintes principales de la patholo-
gie fémoro-patellaire : I’instabilité (30 points)
et la douleur (15 points) pondérée par trois
points en moins en cas de prises d’antalgiques.
Le reste des questions évaluait la marche
(8 points), le gonflement (5 points), les bloca-
ges (5 points), les escaliers (8 points), la course
(4 points), I’accroupissement (5 points), la po-
sition a genoux (5 points) et I’activité fonction-
nelle dans la vie courante (5 points) et au tra-
vail avec le sport (5 points).

Un bilan radiographique standard a été réalisé
en préopératoire ainsi qu’en postopératoire qui
comportait un cliché genou de face en appui
monopodal, genou en extension, un genou de
face en schuss, un genou de profil strict a 30°
de flexion et un cliché axial en défilé fémoro-
patellaire 30° de flexion.

Un bilan tomodensitométrique a été réalisé en
pré et postopératoire mesurant la T.A-G.T., la
pente trochléenne externe ou obliquité de la
joue latérale de la trochlée, I’antéversion fémo-
rale et torsion tibiale externe, la mesure de I’an-
gle trochléen (la valeur normale de 1’angle était
de 145° calculée sur la coupe a 1’arc roman) et
la bascule rotulienne quadriceps décontracté et
contracté.

RESULTATS

Trente-sept genoux ont pu étre revus, chez
trente et un patients, avec un recul moyen de 16
+ 2.4 ans, (11 ; 20).

Résultats cliniques

Satisfaction

92 % des interventions sur les genoux a la révi-
sion, étaient évaluées par les patients de trés
satisfaisants (57 %) ou de satisfaisants (35 %).

Deux patients étaient dégus, (une hypoesthésie
dans le territoire du nerf saphéne et un pour des
accrochages au fémoro-patellaire) et un seul
patient était mécontent de son genou, il souf-
frait d’une fibromyalgie et de pathologies di-
gestives lourdes.

A la question “le referiez-vous, en sachant les
suites ?”, la grande majorité des genoux le refe-
rait, seuls deux patients (deux genoux) ne le
conseilleraient pas.

Scores fonctionnels lillois

La moyenne est a 68/100, avec trés bon résul-
tat : 10 genoux, bon résultat : 5 genoux, moyen
résultat : 7 genoux, résultat passable : 5 ge-
noux, mauvais résultat : 10 genoux (27 %).

Soit autant de “trés bon” et “bon” résultats
(41 %) que de résultats “passable” et “mau-
vais”, a la révision (41 %).
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La stabilite

Au recul, nous retrouvons : genou stable :
18 genoux, dérobement occasionnel pendant le
sport : 11 genoux, dérobement occasionnel
pendant la vie courante : 3 genoux, dérobement
fréquent pendant la vie courante : 4 genoux, au
moins une luxation : 1 genou, plus de 2 luxa-
tions : 0 genou (0 %).

La seule récidive de luxation a été observée
chez un patient qui présentait des séquelles
d’une méningite avec des crises d’hypertonie.

Il y a une amélioration significativement pour
la stabilité, elle a augmenté de 3 niveaux (3,4
+ 1,7), les patients sont PLUS stables a la révi-
sion (p=0,03).

Tous les patients se sont trouvés améliorés du
point de vue de la stabilité, sauf deux genoux
qui se sont trouvés inchangés. Ces 2 genoux
avaient ¢été repris, I’'un par une prothése fé-
moro-patellaire et I’autre par une ostéotomie
réalisée dans un autre centre. 54 % des genoux
ont gagné quatre niveaux et plus.

Douleur

La répartition se faisait comme suit : aucune :
12 genoux, légere, occasionnelle : 12 genoux,
modéré mécanique : 6 genoux, importante méca-
nique : 4 genoux, constante sévere : 3 genoux.

A la révision, 64 % des genoux étaient indolo-
res ou ne présentaient que des douleurs légeres.
3 genoux présentaient des douleurs séveres, il
s’agissait d’un patient fibromyalgique, d’un
autre avec la maladie d’Ehler-Danlos et d’un
patient présentant des douleurs au niveau de
I’aileron latéral sans arthrose sur la fémoro-pa-
tellaire a la radiographie.

Tous les genoux pouvaient prendre les escaliers
sauf 2, qui ¢taient des reprises, une par prothése
fémoro-patellaire et I’autre par une OTV.

Il y a une baisse significative de la douleur en-
tre la révision a 16 ans et le préopératoire. Le

gain moyen ¢était de 1 niveau (0,92 + 1,7) : les
patients sont MOINS douloureux a la révision
(p=0,02).

Blocage

68 % des genoux ne présentaient jamais de blo-
cage, 24 % avaient plutot des accrochages et
trois genoux (8 %) avaient des blocages occa-
sionnels (tous repris dans les suites).

Résultats radiologiques

36 genoux ont été revus avec des radiographies,
cela est dii au fait qu’une patiente était enceinte
a la révision. 4 genoux avaient eu une prothése
fémoro-patellaire et donc, les mesures de la
saillie, de la profondeur et la quantification de
I’arthrose n’ont pas pu étre faites sur leurs ra-
diographies.

La saillie a diminué, et la profondeur a aug-
menté.

La hauteur rotulienne moyenne calculée selon
I’indice de Caton-Deschamps était de 1,02
+0,15 mm (0,6 ; 1,3). La différence par rapport
au préopératoire est de 0,13.

Arthrose femoro-patellaire

27 genoux présentaient une arthrose fémoro-
patellaire, soit 84 % des genoux non repris par
prothése fémoro-patellaire.

Nous retrouvions selon la classification d’TWA-
NO:

- Stade 1 : 12 genoux (38 %)

- Stade 2 : 8 genoux (25 %)

- Stade 3 : 4 genoux (13 %)

- Stade 4 : 3 genoux (9 %)

- Pas de signe dégeénératif : 5 genoux (16 %)

Nous observons une forte proportion d’arthrose
fémoro-patellaire, mais, pour 62 % d’entre eux,
a un stade peu évolué (stades 1 + 2).
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Du point de vue localisation, 28 % avaient une
atteinte fémoro-patellaire médiale, 31 % une
atteinte latérale, et 25 % étaient touchés de ma-
nicre globale au niveau fémoro-patellaire.

En comptant les prothéses fémoro-patellaires
comme arthrosique, on arrive a 86 % d’arthrose
fémoro-patellaire a la révision.

19 genoux avaient des ostéophytes au niveau
de la fémoro-patellaire, localisés juste au ni-
veau de la rotule pour 9 genoux (28 %) et de
maniére bilatérale (rotule et trochlée) chez 10
genoux (31 %).

Il y a une différence significative concernant
I’arthrose fémoro-patellaire a la révision
(p<10*) : les patients sont plus arthrosiques au
niveau de I’articulation fémoro-patellaire a la

révision.

Devant le nombre important d’arthrose fémoro-
patellaire, il n’a pas pu étre mis en évidence de
corrélation statistique avec les antécédents, le
type d’instabilité, 1’age a I’intervention, 1’obli-
quité de la berge externe, a la différence d’obli-
quité entre la révision a 16 ans et le préopéra-
toire, I’angle trochléen a la révision calculé au
scanner, différence angle trochléen entre la ré-
vision a 16 ans et le préopératoire ou 1’indice
de satisfaction.

Arthrose féemoro-tibial

Sur le cliché de face, 15 genoux (42 %) avaient
un début d’arthrose, n’atteignant jamais le sta-
de 2 d’Ahlback.

Latteinte était médiale isolée chez 10 genoux
avec pour 9 genoux un pincement <50 % et
pour 1 genou, un genou avec un ostéophyte fé-
moral. L’atteinte était latérale isolée chez 4 ge-
noux avec pour 2 genoux un pincement <50 %,
et pour 1 genou, 2 genoux avec des ostéophytes
fémoraux. L’atteinte était médiale et latérale
chez 1 genou un pincement <50 % des deux
compartiments.

Résultats tomographiques

TA-GT

La TA-GT était de 12,2 + 4,9 mm (0 ; 20). La
différence par rapport a la mesure préopératoire
est de - 2,2 mm.

Bascule rotulienne décontractée

(TDM)

La bascule rotulienne avec le quadriceps dé-
contracté était de 8° = 6 (0 ; 27). La différence
par rapport au préopératoire était de - 9,2°.

Bascule rotulienne contractée (TDM)

La bascule rotulienne avec le quadriceps
contracté était de 13°+7 (0 ; 37).

Angle trochléen

L’angle trochléen mesuré au scanner était de
141° £ 9 (extrémes : 123 ; 156). La différence
par rapport au préopératoire était de - 28°. Il
restait 8 patients avec des angles trochléens su-
périeurs a 145°.

Obliquité joue latérale de la trochlée
(pente externe)

L’obliquité¢ de la joue latérale de la trochlée
mesurée au scanner était de 16,5° £+ 6,5 (3 ; 28).
La différence par rapport au préopératoire est
de +10,2°.

Complications
20 genoux (54 %) ont eu des complications.

7 genoux douloureux (3 repris par une prothése
fémoro-patellaire, 2 genoux pour une OTV,




LES TROCHLEOPLASTIES DE RELEVEMENT

1 maladie d’Ehlers-Danlos, 1 fibromyalgie),
5 genoux raides (3 reprises par mobilisation et
deux reprises par arthrolyse sous arthroscopie),
1 dérobement repris par une prothése fémoro-
patellaire, 4 hypoesthésies, 1 granulome, 1 rup-
ture de I’insertion du muscle vaste interne post-
traumatique, 1 hématome.

Les patients qui ont eu des complications a la
révision ont significativement une moins bonne
augmentation du score de stabilité¢ (p=0,024).
Les patients repris sont ceux qui ont eu le plus
de complications (p<10). 65 % des patients
ayant eu une complication ont été repris.

Reprise
1 reprise

13 genoux (35 %) ont eu une reprise avec
3 mobilisations, 2 arthrolyses sous arthrosco-
pie, 4 prothéses fémoro-patellaires, 1 exérese
de granulome, 1 arthroscopie exploratrice
(Ehlers-Danlos), 1 évacuation d’hématome,
20TV.

2¢ reprise

Une mobilisation sous anesthésie générale, 6
semaines apres avoir mis une prothése fémoro-
patellaire.

Un abaissement de tubérosité tibiale antérieure
associ¢ a une plastie du vaste externe, réalisée
apres avoir réalisé une mobilisation sous AG.

Les reprises sont liées de manicre significative
aI’age du patient lors de I’intervention : les pa-
tients les plus agés lors de I’intervention ont
plus de chance d’étre repris (p=0,03) ; les deux
tiers des patients repris avaient plus de 30 ans,
et 60 % des plus de 30 ans ont été repris.

Il y a une tendance chez les patients repris a
avoir un gain de stabilité plus faible, 3 contre 5
(p=0,06).

Echecs

Nous avons considéré comme échec, les repri-
ses par prothéses fémoro-patellaires, ou un
score fonctionnel inférieur a 70 (mauvais ou
passable).

Nous avons retrouvé 15 genoux considérés
comme des échecs, avec 4 reprises par une pro-
these fémoro-patellaire, et 11 genoux ayant des
scores fonctionnels insuffisants.

1l y a significativement plus d’échecs chez les
patients avec des antécédents fémoro-patellai-
re, et chez les patients avec un age a I’interven-
tion supérieur a 30 ans.

DISCUSSION

La série possede un recul important, comparé a
la littérature sur ’instabilité de rotule, c’est
méme le plus long, pour nous, sur les trochléo-
plasties [2]. Il est difficile de comparer ces ré-
sultats car les indications dans les études ne
sont pas toutes identiques, les gestes associés et
les techniques de rééducation sont trés variés
[7], mais nos résultats sont comparables voire
meilleurs en terme de reprise et stabilité [3, 5].
1l existe un contraste important entre des résul-
tats subjectifs jugés favorablement par les pa-
tients et des résultats radiographiques plus in-
quiétants. L’utilisation de cette technique dans
des cas de dysplasie modérée a un effet stabili-
sateur efficace comme le montre cette série
mais au prix d’un fréquent retentissement arti-
culaire osseux qui explique qu’on mette en ba-
lance ce traitement avec une stabilisation liga-
mentaire pure.

CONCLUSION

Aprés une bonne analyse de la pathogénie de
I’instabilité fémoro-patellaire, la trochléoplas-
tie peut étre proposée, dans certain cas, avec de
bons résultats, méme en cas d’antécédent de
chirurgie sur le genou.
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Cette étude a pu mettre en évidence une com-
plete régression de I’instabilité rotulienne.
D’autre part, nous avons constaté une amélio-
ration des douleurs qui se maintient avec le
temps.

L’évolution arthrosique, tant redoutée, a été
constatée chez la plupart des genoux, de ma-
nicre légeérement supérieure aux études préceé-
dentes sur le traitement de I’instabilité fémoro-
patellaire. Mais elle est restée peu importante
au niveau de la gravité et sans conséquence au
niveau du résultat sur la stabilité et les douleurs.

1l faut aussi prendre en compte 1’évolution na-
turelle de I’instabilité fémoro-patellaire [5].

1l est généralement admis que I’existence d’une
arthrose fémoro-patellaire n’est pas toujours
douloureuse, mais il est admis que les trochléo-
plasties de relévement doivent étre évitées car
elles sont arthrogénes.

Il peut encore rester des indications aux tro-
chléoplasties de relévement, notamment en cas
de dysplasie sans éperon (grades A et C de
D. Dejour).
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DOES PATELLOFEMORAL
OSTEOARTHRITIS MAY BE
IDIOPATHIC?

A. PINAROLI
INTRODUCTION PATHOPHYSIOLOGY
The t rthritis refers to full thickness | f AND ETIOLOGY OF
e term arthritis refers to full thickness loss o
articular cartilage and concomitant inflam- PATELLOFEMORAL
mation, excluding biological causes of wear OSTEOARTHRITIS

and damage of cartilage (inflammatory diseases
and infection).

Patellofemoral arthritis is so characterized by
pain and other clinical symptoms, almost due
to cartilage damages and dysfunctions of the
extensor mechanism.

Lately, patellofemoral arthritis is also charac-
terized by radiographic findings, including
joint space narrowing, cysts and osteophyte
formations.

As it is clear that the patello femoral compart-
ment can be involved in diffuse form of knee
arthritis, isolated patellofemoral arthritis may
not be so rare [9, 12].

Some mechanical causes are likely to include
all conditions leading to isolated patellofemoral
arthritis.

The patellofemoral joint includes the entire
extensor mechanism of the knee (quadriceps
tendon, patella and patellar tendon). The patella
is a sesamoid bone that acts as a marker for the
alignment of the hole extensor mechanism. The
trochlear groove and an arch of articular
cartilage around the intercondylar notch make
up the femoral side of the joint [5].

The primary soft tissue static stabilizers are the
medial and lateral patellofemoral and patello-
tibial complexes. Patellofemoral stability is also
dependent on limb alignment (varus and valgus)
as well as rotational variances in femoral
version. Furthermore, the relation of the knee to
pelvic position and strength has been added as
an important stabilizer of the knee and the
patellar elements. This complex orchestration
of factors often challenges to understanding
patellofemoral joint function [12].
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The movements of the patellofemoral joint are
complex [5, 9]. One part or another of the
patellar cartilage remains loaded throughout
the entire flexion-extension cycle, excepted in
the first degrees of flexion (the patella here
rests on the synovium of the supracondylar fat
pad). The distal portion of the patella is loaded
as the knee flexes, and the contact area migrates
proximally with progressive flexion until 90°,
after which the contact area moves back toward
the central aspect and lateral facet of the patella,
while the medial facet lies in contact with the
synovium overlying the anterior cruciate
ligament.

Most activities involving knee flexion take
place in a closed-kinetic-chain mode, including
bending down, rising from a chair and
ascending stairs, where the forces across the
patellofemoral joint increase as the knee flexes
from 0 to 90°, as do the contact pressures [9].

A improper fit between the two mating areas
leads to an abnormal stress distribution and
eventually blunt trauma.

So, while primary osteoarthritis is signaled by
an imbalance between the synthesis and de-
gradation of the matrix components, mechanical
destruction of cells and matrix due to blunt
trauma may be the cause of secondary
osteoarthritis.

Furthermore, the articular cartilage of the
patella consists of a solid phase, made up
mostly of collagen and glycosaminoglycans,
and a fluid phase. The solid phase is slightly
permeable and when a load is applied to the
articular surface, the fluid slowly redistributes
itself within the solid matrix. Disruption of the
articular surface by cracks, fissures or crevices
leads to a loss of pressure within the fluid
phase. High stresses are then borne by the
collagen fibers, which become more prone to
breakdown [6, 9].

Moreover, the ability of collagen to withstand
high stresses has a variable genetic component,
wich accounts for the wide range of clinical
responses to a given joint load among different
patients [9].

Etiologic factors, independently or associated,
are thenlogical causes ofisolated patellofemoral
arthritis [5, 8, 9, 12].

Extensor mechanism malalignment

“Malalignment” is a general term encompassing
conditions that lead to a poor positioning and
poor tracking of the patella. An improper fit of the
mating surfaces leads to abnormal distribution of
pressure, which in turn can lead to arthritis.

Patellofemoral dysplasia

Patellofemoral dysplasia is highly correlated
with patellofemoral arthritis, and there even is
a specific correlation between arthritis and the
various forms of dysplasia, especially for
trochlear dysplasia [8].

Patella alta, as an isolated factor, was not found
to predispose to arthritis [8].

Instability (symptomatic medio-
lateral displacement, including
dislocation)

Blunt traumas occuring during dislocations
associated with patellofemoral dysplasia in
most cases can explain the occurence of
patellofemoral arthritis.

Trauma

Direct blunt trauma can lead to degenerative
changes in articular cartilage.

Articular fractures of the patella and the
trochlea can be expected to pose the same risk
of arthritis as other intra-articular fractures.

Obesity
Pressures across the patellofemoral joint during

closed-kinetic-chain activities increase with
the person’s weight.
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DOES PATELLOFEMORAL OSTEOARTHRITIS MAY BE IDIOPATHIC?

Obesity (BMI greater than 30) has been found
to predispose a person to patellofemoral
arthritis [3, 11].

DIAGNOSIS OF ISOLATED
PATELLO FEMORAL
OSTEOARTHRITIS

Pain is the primary symtom but can be
particularly challenging to link to patellofemoral
joint because a large number of conditions can
refer pain to the anterior aspect of the knee, and
can even be referred from elsewhere in the
knee [7] or from distant sites such as hip or
spine [9, 13].

A patient with isolated patellofemoral arthritis
typically describes anterior knee pain when
rising from a seated position and/or going
dowstairs or upstairs, standing on one leg with
the knee semi-flexed, running with short steps,
squatting down [5, 9]. Sometimes, there may
be pseudolocking due to “kissing” lesions, or
even true locking from osteophytes [5].

Clinical presentation is somewhat non specific:
crepitus on grinding the patella or during knee
movement and effusion are common [8, 12].

A key sign of symptomatic patellofemoral arthri-
tis on the physical examination is tenderness of
the lateral (or occasionally medial) facet of the
patella [9].

Abnormal patellar tracking and patella tilt can
be signs of instability. Abnormal torsional signs
of the lower limb can explain malalignment.

A complete examination is
including hip and spine.

mandatory,

A routine series of radiographs is necessary,
including standing anteroposterior, 45° postero-
anterior flexion weightbearing, lateral and
skyline view (Merchant view) radiographs [2].

Narrowing of the patellofemoral joint space on
the 45° skyline view is the most informative

radiograph to classify the site and stage of
arthritis, and to identify possible osteophytes,
cysts or erosions (saw tooth arthritis [1]).

When maltracking is suspected, a CT scan can
be usefull.

MRI doesn’t bring specific informations for
patellofemoral arthritis.

DISCUSSION

The first step in diagnosing patellofemoral
arthritis is to affirm that anterior knee pain is
related to patellofemoral joint. Neither
symptoms nore clinical examination findings
are specific, and, on the other hand, quite
specific signs are sometimes painless (eg
crepitation). Although, pain arising from the
medial compartment may be confused with
patellofemoral arthritis [7].

The second step, relating pain to patellofemoral
joint damage, is not that easy because pain
sometimes exists without any cartilage lesions,
probably due to dysfunctions of the extensor
mechanism, mostly treated by physiotherapy
[4, 13].

Nevertheless, limited lesions of the articular
cartilage are difficult to diagnose and injected
CT scan can be usefull. But direct relation
between cartilage lesion and pain is not so
clear: arthroscopic findings show often patellar
or trochlear chondral lesions without any
patellofemoral complaint [4].

When painfull patellofemoral osteoarthritis is
clinically diagnosed, radiographic findings are
necessary to stage the degree of arthritis, its
site, and also to eliminate arthritis of another
compartment. Routine radiographs are mostly
sufficiant, especially lateral [2] view and 45°
skyline view.

Once the isolated character of patellofemoral
arthritis is done, its etiology must be under-
standable, because it can help its prevention, or
the type of treatment.
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Etiologies such as trauma (patella or trochlea
fractures) dysplasia or instability are well
known risk factors.

Obesity is a classical risk factor for developping
arthritis on the lower limb, but even if
patellofemoral joint is first evolved, arthritis
may probably occur in the other compartments
sooner or later.

On the same way, genetic factors affecting
cartilage resistance may probably follow the
same evolution.

No prospective study has been undertaken to
verify that patients who have malalignment
have a greater predisposition to arthritis, but
patients who have patellofemoral arthritis often
demonstrate malalignment [8].

The greatest prevalence of chondral wear is on
the lateral facet, more commonly than on the
central or medial aspect of the patella,

suggesting that there is some degree of tilt or
malalignment in the etiology of patellofemoral
arthritis [12], theory well demonstrated by
some authors with an MRI study [10].

CONCLUSION

Even if patellofemoral compartment is com-
monly involved in knee osteoarthritis, isolated
patellofemoral arthritis is not so rare.

Secondary patellofemoral arthitis is well known,
especially after trauma (patella fracture).

Patellofemoral dypslasia and instability are
also well documented risk factors for patello-
femoral arthritis.

So primary patellofemoral osteoarthritis seems
to occur very rarely. It is hereby related to
extensor mechanism malalignment, and can
probably not be called idiopathic.
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IMAGING OF PATELLOFEMORAL

JOINT OSTEOARTHRITIS

C. LAPRA, S. CHOMEL, M. BAKIR

Imaging of the patellofemoral joint (PFJ) is
both customary and innovative: the narrowed
joint space, the very definition of osteoarthritis
pathology, is routinely detected using standard
radiological assessment. Early degenerative
chondral lesions are detected using slice
imaging: arthro-CT scans, commonly used in
France, MRI and its new acquisition sequences
or even MRI arthrography with an intra-
articular injection of Gadolinium.

Joint impairment involves the lateral

compartment of the PFJ in 90% of cases and

encompasses four etiologies:

- Primary patellofemoral joint osteoarthritis
(OA),

- Patellofemoral joint OA with instability: the
patient has a history of patellar dislocation,

- Traumatic patellofemoral joint OA: history of
patellar fracture,

- Articular chondrocalcinosis.

Imaging procedures are used to study this
etiological framework, which is particularly
crucial for determining the treatment.

QUESTION 1: IS THERE
DEGENERATIVE IMPAIRMENT OF
THE PATELLOFEMORAL JOINT?

Standard radiological assessments

Standard radiological assessments include
front views extended in monopodal stance,

schuss, lateral view extended in 30° of flexion,
axial view of the patella at 30° of flexion.

The Iwano classification describes the four

stages of joint space impairment on the axial

view of the patella (fig. 1).

- Stage 1: mild OA joint space at least 3mm.

- Stage 2: moderate OA; joint line narrowing
> 3mm.

- Stage 3: severe OA; joint line narrowing
<3mm

- Stage 4: very severe OA, joint surfaces
entirely touch each other.

Radiological assessments are aimed at detecting

certain etiological factors:

- Chondrocalcinosis is, in particular, charac-
terized by a jagged, uneven aspect of the joint
surfaces. Meniscal calcifications are not
specific to articular chondrocalcinosis.

- Patellar fracture sequelae are generally
revealed during medical questioning; on the
X-ray, the patella appears enlarged trans-
versally.

Patellofemoral chondral lesions:
MRI and arthro-CT scan

MRI and arthro-CT scans are indicated in the
case of diagnostic doubt about early arthrosis,
without joint space narrowing upon first
assessment or with radiological anomalies that
do not explain the pain [15, 16]. Given the
development of cartilage repair techniques,
there is increasing interest in detecting early
chondral lesions.
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Fig. 1: Iwano classification (source :
traité de chirurgie du genou, Ph. Neyret,
G. Demey, E. Servien, S. Lustig).

Many studies do not show any clear evolutive
link  between the cartilage disease
“chondromalacia patellae” and patellofemoral
arthrosis. However, in athletes, PF cartilage
lesions are considered as related more to trauma
or micro-trauma than to over-use [3]. Dupont
[12] considers that cartilage lesions in children
and athletic teens are more frequently unnoticed
than they are actually rare [11].

As viscosupplementation has proven effective
in common arthrosis, authors suggest wider use
in athletes as soon as patellofemoral chondral
lesions appear in athletes; hence the usefulness
of detecting such lesions early.

What can be expected from a
patellofemoral MRI focused on the
cartilage?

Due to its superficial location and the thickness
of its cartilage, the patellofemoral joint lends
itself well to MRI evaluation and it is the joint
whose cartilage has been studied most.

The purpose of the MRI sequences we have

is to:

- clearly demarcate the joint surface of the
trochlear and patellar cartilage,

- define the thickness of the cartilage,

- explore the deep layer and the osseous
portion: tide-mark and subchondral bone,

- differentiate the cartilage from the intra-
articularfluidto detectsuperficial irregularities
or notches of varying depths that may reach
the subchondral bone,

- determine the biochemical composition of the
lamellar structure of the cartilage so as to
detect intra-articular anomalies, without
surface lesions.

Contribution of 3D MRI sequences:

- What are the specifications for an MRI
sequence? The “ideal” MRI sequence would
be the one that combines short examination
time, a good signal-to-noise ratio, very good
spatial resolution, 3D study enabling ultra-
fine sections and multiplanar reconstructions,
specificsignal fromthecartilagedifferentiating
it from the articular fluid, specific signal from
structural modifications. Like any technique,
MRIs are a compromise!

3D Fast Spin-Echo (FSE) sequences including
submillimeter sections have been improved
thanks to so-called parallel imaging enabling
shorter acquisition times and improved spatial
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resolution. The result of the sequences is to
acquire one plane and then, like with a scan,
create reconstructions in other planes. To
create high-quality multiplanar reconstruc-
tions, MRI sequences must be as isotropic as
possible.

Comparison of the cartilage signal
based on sequences used [10, 24, 28]
(fig. 2)

As a result, several analyses can be
used to study the cartilage

- Morphological analysis, which can be
compared to Outerbridge [22] and Inter-
national Cartilage Repair Society (ICRS)
arthroscopic classifications,

- Volume analysis,

- More recent “biochemical” analysis.

e -
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Fig. 2: Source : Chomel S MD Imaging Cartilage of the knee, EPU January 2012 Lyon.

Morphological analysis (fig. 3, 4, 5)

Exams with injections: arthro CT-scan (fig. 6a
and b).

MRI Arthrography (fig. 7 a,b): although the
intra-articular injection may sometimes make it
casier to grade the chondral anomalies, it makes
the exam more invasive.

Fig. 3: ICRS Grade 2
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Fig. 4: ICRS Grade 3 Fig. 5: ICRS Grade 4 on the lateral trochlea

Fig. 6

Lop

Fig. 7a: Proton density MR. Fig. 7b: MR arthrography: grade 3 on medial patella
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“Biochemical” analysis

On the views shown above (fig. 8), regular
chondral thinning and signal anomalies within
the cartilage can be noted; there is no deep
chondral erosion [7, 28].

T2 mapping [29] can be used in current practice;
it consists of a T2 multi-echo sequence of 10
slices of 3-mm thickness. It indirectly provides
information about the extracellular matrix. The
different layers of cartilage are characterized
by their biochemical composition and in
particular their water content which provides
different T2 values for the deep, middle and
upper zones.

Principle of T2 mapping:

- Measurement of T2 relaxation time of the
cartilage at a given level with echo times
(TE).

- T2 relaxation time reflects the ability of
free water to move inside the cartilaginous
matrix.

- Pathological cartilage: decrease in glyco-
aminoglycan content, and in size of proteo-
glycans, increase in water movement.

- Increase of T2 in pathological cartilage
compared to healthy cartilage.

- Creation of mapping and fused image (fig. 9).

The T2 mapping sequences do not explore
chondral ulcers (fig. 10)

Fig. 8: Proton-density fat saturation (PDFS)

Fig. 9: T2 mapping




230

C. LAPRA, S. CHOMEL, M. BAKIR

Fig. 10: There is cartilage thinning of the lateral patellar facet, not visible on the T2 map.

Delayed gadolinium-enhanced MRI of cartilage
(dGEMRIC) [30]: these sequences consist of
an intra-articular injection of a double dose of
gadolinium, associated with the patient walking
for 15 minutes. The examination is done after
90 minutes. It is a “molecular” study of the
cartilage that is not routinely done. In healthy
cartilage, gadolinium (Gd) does not penetrate
cartilage; Gd fixation increases if the
glycoaminoglycan content decreases.

Associated lesions: synovitis, subchondral
bone edema

Many studies have shown that the pain of
arthrosis was often linked to secondary lesions
associated with edema of the subchondral bone
due to trabecular bone microcracks and
synovial inflammation, which explains the
evolution in spurts [14, 18, 32].

Synovitis (fig. 11)

Fig. 11: Same patient, MRI. - a: Right knee MRI with injection: synovitis. b: On the left knee (Proton density),
the joint space is more impaired but there is less synovial inflammation.
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Subchondral bone

A lateral patellofemoral friction syndrome may
also be associated with degenerative cartilage
lesions, pre-disposed by a pre-existing morpho-
logical anomaly of the joint, fostering
instability. This syndrome has also been
described as responsible for anterior knee
pain, in the absence of arthritic lesions [2, 8,
26] (fig. 12).

Future areas of development for cartilage
MRI will move towards ultra-high-field
(7 Tesla) MRIs, T1 mapping, molecular
imaging (sodium) (fig. 13)

QUESTION 2: IS THERE AN
ANATOMICAL PREDISPOSITION
TO INSTABILITY?

Trochlear dysplasia is a frequent predisposing
factor for lateral patellofemoral; it is present
in 80% of the cases of patellofemoral OA.
Articular morphology findings are especially
important for the treatment of patellofemoral
OA.

The imaging assessment looks for:

* Signs of trochlear dysplasia:
- On the lateral view, crossing sign,
- Trochlear boss,

Fig. 13: T1 Mapping
(source : Siemens)
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-On CT scan or MRI, a deficient lateral
trochlear slope or insufficient trochlear
depth, the lateral trochlear inclination index
can be both measured on CTsan or MRI [4].

* Patella alta on the lateral X-ray,

* Lateral tilt of the patella (axial, lateral view,
MRI or CT-scan measurement of the patel-
lar tilt),

* Measurement of the TT-GT distance on CT-
scan or MRI [15, 31] (fig. 14 a,b).

Trochlear dysplasia can be studied by CT-scan
or MRI[4, 17,23, 31], different studies validate
the instability measurements validated with the
CT-scan or MRI. Thanks to its 3D reconstruc-
tions, scans make it possible to thoroughly
explore the trochlear anatomy and the insufficient
depth of the trochlear groove.

Fig. 14a: Patellofemoral Joint OA on axial view

Fig. 14b: trochlear dysplasia

To conclude, imaging assessments must be

capable of answering two main questions:

- Inthe case ofpainindicating the patellofemoral
joint, are there degenerative chondral lesions,
or even proven osteoarthritis? If so, what is
causing the pain: a subchondral edema?
Lateral patellofemoral friction? Associated
synovitis?

- Are there anatomical predispositions to
instability? The traditional criteria shown on
the lateral view (trochlear dysplasia, patellar
tilt, patellar height) were also found on the latest
generation MRI and 3D and 2D CT scans.

The “best radiological exam” will undoubtedly
remain the most exhaustive in terms of

information provided for the therapeutic
treatment. As such, MRIs have become almost
mandatory!
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PLACE DU TRAITEMENT

MEDICAL ET DE LA
KINESITHERAPIE
DANS L’ARTHROSE
FEMOROPATELLAIRE ISOLEE

B. QUELARD

L’arthrose fémoropatellaire isolée est une af-
fection a part entiére, bien distincte des autres
arthroses du genou dans sa pathogenese. Elle
n’est pas rare. Dans 1’étude radiologique réali-
sée par Duncan et al. en 2006 [7], 24 % des
patients de plus de 50 ans souffrant de gonal-
gies présentaient des 1ésions dégénératives iso-
lées du compartiment fémoropatellaire. Elle
touche une population majoritairement fémini-
ne, généralement plus jeune que celle des arth-
roses fémoro-tibiales.

Sur le plan histologique, 1’arthrose fémoropa-
tellaire isolée ne posséde pas de spécificité pro-
pre. Elle associe des 1ésions du cartilage plus
ou moins profondes et plus ou moins étendues,
une condensation de 1’os sous-chondral, des
ostéophytes et une inflammation de la mem-
brane synoviale plus ou moins marquée. Sur le
plan clinique sa symptomatologie est proche de
celle de I’arthrose fémoro-tibiale. La douleur
siege généralement a la face antérieure du ge-
nou, elle est de type mécanique conduisant pro-
gressivement a une limitation des activités les
plus contraignantes pour le systéme extenseur
(descente des escaliers, marche sur terrain en
dénivelé, accroupissement...), a une réduction
du périmétre de marche puis a une diminution
de la mobilité articulaire et au déficit de la
fonction musculaire.

L’intensité de la douleur et la difficulté a réali-
ser les activités de la vie quotidienne sont étroi-

tement liées a la sévérité du stade évolutif de
I’arthrose [8, 9, 17] objectivée radiologique-
ment par la réalisation d’un défilé fémoropatel-
laire a 30° de flexion. La classification d’Iwano
et al. en 4 stades de sévérité croissante en fonc-
tion de la réduction de I’interligne fémoropa-
tellaire est la plus utilisée en France. Il faut en
moyenne 18 ans pour passer d’un stade I au
stade IV [5], ce qui explique que I’arthrose fé-
moropatellaire isolée soit considérée comme
longtemps bien tolérée.

Sur le plan thérapeutique, la prise en charge de
I’arthrose du genou fait 1’objet de recomman-
dations internationales [13, 22], peu appliquées
dans notre pratique quotidienne. La mécon-
naissance de la maladie fait partie des raisons
pour lesquelles ces recommandations sont fai-
blement suivies [11].

Aprés un rappel de la physiopathologie de
I’arthrose et de la pathogénese de ’arthrose fé-
moropatellaire isolée nous envisagerons la
place du traitement non chirurgical dans la pri-
se en charge de cette pathologie.

PHYSIOPATHOLOGIE DE
L’ARTHROSE

Les mécanismes physiopathologiques a I’ori-
gine de I’arthrose ne sont pas encore totalement

235



236

B. QUELARD

¢lucidés. IIs sont complexes, mettant en jeu de
nombreuses substances chimiques (facteurs de
croissances, cytokines, prostaglandines...)
synthétisées par les cellules du cartilage (chon-
drocytes), de la membrane synoviale (synovio-
cytes) et de 1’os sous chondral. Ces médiateurs
chimiques ont pour le réle d’activer ou d’inhi-
ber la production d’enzymes protéolytiques
spécifiques (métalloprotéases...) responsables
de la dégradation de la matrice extra-cellulaire
constituée essentiellement d’eau (70 a 80 %),
de microfibrilles de collagéne de type II et de
protéoglycanes.

Les études menées in vitro et chez 1’animal
ont montré que des pressions excessives ap-
pliquées sur les chondrocytes ou les surfaces
articulaires jouent un role prépondérant dans
le déclenchement des processus conduisant a
I’arthrose [15, 18].

A la phase initiale, ces processus consistent en
une prolifération et une activation des chondro-
cytes dans le but de réparer les 1ésions induites
par les agressions mécaniques répétées. La pro-
lifération excessive des chondrocytes aboutit a
leur dédiftérenciation. Ces chondrocytes anor-
maux fabriquent une matrice anormale consti-
tuée de collagéne de type I dont les propriétés
mécaniques sont inférieures a celle du type II.

A la phase d’état la chondrolyse I’emporte, en-
tretenue par le stress mécanique et le stress
“biochimique” induit par la constitution de 3
boucles physiopathologiques : cartilagino-car-
tilagineuse, synovio-cartilagineuse et ostéo-
cartilagineuse (fig. 1).

Une fois les processus de chondrolyse enclen-
chés, la dégradation du cartilage est inélucta-
ble, auto entretenue par les pressions s’exer¢ant
sur une matrice qualitativement affaiblie.

PATHOGENESE DE
L’ARTHROSE
FEMOROPATELLAIRE
ISOLEE

Les anomalies architecturales de la trochlée et
a un degré moindre de la rotule ainsi qu’un
mauvais alignement du systéme extenseur re-
présentent les principaux facteurs de risque
spécifiques a cette localisation de I’arthrose
[12, 14, 5]. Dans les études réalisées par Dejour
[5] et par Guilbert [10] pour le symposium de
la SOFCOT de 2003 une dysplasie de la tro-
chlée était présente chez 78 % et 83 % des pa-
tients de leur série respective, 42 % avait une
dysplasie de la rotule.
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Fig. 1 : Boucles physiopathologiques de I’arthrose :
cartilagino-cartilagineuse, synovio-cartilagineuse et ostéo-cartilagineuse
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Les facteurs traumatiques (fracture de rotule,
microtraumatismes sportifs ou professionnels
répétés), les facteurs métaboliques (chondro-
calcinose) et les facteurs iatrogenes (hypermé-
dialisation de la tubérosité tibiale) sont égale-
ment des facteurs de risque. La surcharge pon-
dérale n’est par contre qu’un facteur aggravant.

Quelles soient congénitales ou acquises, les
anomalies morphologiques de ’articulation fé-
moropatellaires modifient la cinématique de la
rotule et la répartition des pressions. Les I¢-
sions cartilagineuses générées par les stress
mécaniques répétés feront le lit de 1’arthrose.
La topographie de ces 1ésions varie en fonction
du facteur étiologique.

Une fois ’arthrose installée, la dégradation du
cartilage peut se faire de fagon lentement pro-

gressive ou par poussées avec des phases de
chondrolyse alternant avec des phases plus ou
moins longues de stabilité. Les premiéres ma-
nifestations cliniques des 1ésions dégénérati-
ves sont les douleurs. Elles ne sont pas indui-
tes par le cartilage lui-méme qui n’est pas in-
nervé, mais par I’inflammation synoviale ou
les hyperpressions s’exercant sur 1’os sous
chondral. Elles peuvent avoir également pour
origine des exces de pression intra-osseuse
(cedéme de 1’0s spongieux) [21]. Ces douleurs
vont entrainer une baisse d’activités et une
perte de la mobilité articulaire conduisant a
une atrophie et a des raideurs musculaires qui
majorent les contraintes articulaires par perte
de la fonction musculaire d’amortisseur. Ainsi
s’établit un cercle vicieux auto-aggravant en-
tre contraintes mécaniques, douleurs et baisse
d’activités (fig. 2).

Facteurs architecturaux

Facteurs traumatiques |

Facteurs métaboliques l \l

Facteurs iatrogénes

~

/

"‘l Stress mécanique et biochimique |"'

Chondrolyse
——————]  Synovite ™

Hyperpression os
sous chondral

\(Edéma médullaﬁt‘y
L

Douleurs

Baisse d"activités

.

~

—| Déficit musculaire

-

Perte de mobilité

Raideur musculaire =

>

Fig. 2 : Pathogenése de I’arthrose fémoropatellaire isolée
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PLACE DU TRAITEMENT
MEDICAL ET
KINESITHERAPIQUE

Les moyens thérapeutiques dont nous dispo-
sons n’ont guere évolué au cours de ces 10 der-
nieéres années malgré une meilleure connais-
sance de la physiopathologie de cette affection.
Ils restent purement symptomatiques, aucun
traitement n’étant capable aujourd’hui de pro-
mouvoir la régénération d’un cartilage qualita-
tivement normal.

La prise en charge thérapeutique de la gon-
arthrose fait 1’objet de recommandations éta-
blies par des sociétés d’experts européens
(European League Against Rheumatism [13])
ou internationaux (Osteoarthritis Research
Society International [22]). Aucune de ces re-
commandations n’est spécifique a I’arthrose
fémoropatellaire isolée. Toutefois, la plupart
lui est applicables.

Le traitement de D’arthrose fémoropatellaire
isolée est longtemps et avant tout non chirurgi-
cal, la chirurgie s’adressant aux arthroses évo-
luées radiologiquement, douloureuses et inva-
lidantes, réfractaires au traitement médical.
L’association de mesures thérapeutiques non
pharmacologiques et pharmacologiques est la
premiere recommandation formulée par les ex-
perts pour une prise en charge optimale.

Les mesures thérapeutiques non pharmacolo-
giques sont la clef de voite de la prise en char-
ge de I’arthrose. Elles reposent principalement
sur 1’éducation du patient et la rééducation
fonctionnelle. Elles visent a freiner la progres-
sion des Iésions structurales de I’articulation en
rompant le cercle vicieux : augmentation des
contraintes mécaniques — douleurs — baisse
d’activités. Elles doivent étre mises en ceuvre
deés les premiers stades de 1’arthrose et prolon-
gées durant toute son évolution car il existe une
relation entre [I’efficacit¢ d’un programme
d’exercices et son observance [16].

L’éducation conditionne 1’observance du traite-
ment [16]. Elle doit informer le patient sur
I’importance de supprimer les activités sporti-
ves qui engendrent des poussées inflammatoi-

res et des douleurs, de conserver une activité
physique réguliére [3] en priorisant celles qui
générent moins de contraintes sur I’articulation
fémoropatellaire (marche et cyclisme sur sol
plat, natation), de réaliser réguliérement des
exercices d’assouplissements musculaires afin
de prévenir la perte de mobilité et notamment
I’installation d’un flexum. Elle vise également
a lui enseigner les régles d’économie articulai-
re : lutter contre la surcharge pondérale, éviter
le port de charges lourdes, les marches sur ter-
rains a fort dénivelé, les marches prolongées
sur terrains accidentés, les montées et descentes
d’escaliers répétées, le port de talons hauts...

La rééducation a pour objectifs d’entretenir les
amplitudes articulaires, d’améliorer la fonction
quadricipitale ainsi que la stabilité du genou.
Elle repose sur les principes que ’application
de stimulations cycliques modérées favorise la
synthése de protéoglycanes par les chondrocy-
tes [2], qu’une raideur du quadriceps et/ou des
ischio-jambiers augmente les contraintes fémo-
ropatellaires et qu'une plus grande force de
quadriceps prévient la perte de cartilage au ni-
veau du compartiment fémoropatellaire exter-
ne, diminue les douleurs et améliore les capaci-
tés physiques des patients [1]. Elle doit tenir
compte de la biomécanique de ’articulation fé-
moropatellaire : dans les amplitudes comprises
entre 0 et 60° de flexion les exercices en chaine
en cinétique ouverte sont plus contraignants
que les exercices en chaine cinétique fermée
mais au-dela la chaine cinétique fermée devient
plus contraignante [20].

En pratique, la rééducation associe un rodage
articulaire a faible résistance (vélo de rééduca-
tion, pédalage en piscine...), des étirements et
surtout 1’apprentissage d’auto-étirements des
différentes chaines musculaires (quadriceps,
psoas-iliaque, ischio-jambiers, triceps), un tra-
vail de renforcement du quadriceps (contrac-
tions isométriques du quadriceps en chaine ci-
nétique ouverte genou en extension, électrosti-
mulation des vastes, travail du vaste interne au
biofeedback, renforcement progressif et infra
douloureux du quadriceps en chaine cinétique
fermée dans le secteur 0/60°), un travail pro-
prioceptif en chaine cinétique fermée. Elle va
permettre d’établir un programme personnalisé
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d’exercices a effectuer au long cours plusieurs
fois par semaine. Aucun programme d’exerci-
ces n’a prouvé sa supériorité, 1’essentiel étant
qu’il soit adapté a la gravité de I’arthrose ainsi
qu’aux capacités et aux besoins fonctionnels du
patient [16]. Il est recommandé d’¢élaborer le
programme sous la conduite d’un kinésithéra-
peute puis de le poursuivre seul, a domicile [6].

Les autres mesures non pharmacologiques
ont un but essentiellement antalgique. Elles re-
groupent les aides techniques a la marche (can-
nes), les semelles absorbantes, la cryothérapie,
la neurostimulation électrique transcutanée.
Elles font partie des mesures recommandées
par I’OARSI dans le cadre de la gonarthrose.
La contention par taping est controversée [19].

Les mesures thérapeutiques pharmacologi-
ques visent a soulager la douleur en agissant
sur le stress “biochimique”. Elles sont complé-
mentaires aux mesures précédentes et font ap-
pel a des produits dont 1’effet est soit immédiat
(antalgiques, anti-inflammatoires non stéroi-
diens (AINS), injections intra-articulaires de
corticoides) soit différé (“anti-arthrosiques”
symptomatiques d’action lente, injections in-
tra-articulaires d’acide hyaluronique). Le para-
cétamol et les AINS sont les médications les
plus utilisés en premiere intention. Les AINS
doivent étre prescrits a la dose minimale effi-
cace et leur utilisation au long cours doit étre

évitée [22]. Les injections intra-articulaires de
corticoides sont indiquées en cas de douleurs
modérées a séveres et de poussées inflamma-
toires. Concernant les “anti-arthrosiques” ils
permettraient une diminution, généralement
modeste mais statistiquement significative, des
douleurs et de la consommation d’AINS apres
une période de latence de quelques semaines.
Leurs effets se maintiendraient 3 a 4 mois apres
I’arrét du traitement. Quant au traitement par
I’acide hyaluronique il comporte 3 injections
espacées d’une semaine. Son action antalgique
débute en général 4 semaines apres 1’injection
initiale et pourrait se prolonger jusqu’a un an.
Dans chaque classe de médicaments il existe de
trés nombreuses spécialités sur le marché. A
notre connaissance aucune n’a apporté la preu-
ve de son efficacité dans 1’arthrose fémoropa-
tellaire isolée en dehors du Synvisc® [4].

La prise en charge thérapeutique des premiers
stades évolutifs de I’arthrose fémoropatellaire
isolée est médicale. Elle a pour principaux ob-
jectifs de soulager la douleur, d’entretenir la
mobilité articulaire, la fonction musculaire et
les capacités fonctionnelles du patient, de ra-
lentir la progression des 1ésions et de retarder la
chirurgie prothétique. Elle fait appel a différen-
tes modalités thérapeutiques dont les effets se
potentialisent en agissant sur les stress mécani-
ques et biochimiques responsables de la dégra-
dation progressive des surfaces articulaires.
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PATELLOFEMORAL CARTILAGE
DEFECTS — IS THERE ALWAYS AN
OSTEOARTHRITIC TERMINUS?

K FE ALMQVIST, A.A.M. DHOLLANDER,
P. VERDONK, J. VICTOR

CARTILAGE LESIONS

Cartilage defects in the knee joint are frequently
present. In 1000 consecutive patients who
underwent an arthroscopy, 61% had a chondral
or osteochondral lesion, and 19% presented with
a focal (osteo)chondral defect [9]. The incidence
of cartilage defects in the patellofemoral joint is
around 35% with 69% on the patella, 22% on
the trochlea and 8% on the both.

Articular cartilage lesions of the knee are known
for their limited potential to heal spontaneously.
Persistent defects in the knee will frequently
become symptomatic and many progress toward
secondary osteoarthritis (OA), affecting daily
living and quality of life [2, 4, 7]. On imaging,
these lesions are often associated with bone-
marrow edema (BME) on MRI. The under-
standing of the relationship of structural changes
in an affected joint and the subsequent
development of OA could lead to new treatment
strategies to prevent and treat this debilitating
condition [6]. Treatment modalities of joint
surface lesions aim to restore pain-free joint
function by promoting the formation of repair
tissue that has the structure and durability of
natural hyaline-like articular cartilage [5, 12].
Interventions intended to re-establish the
cartilage surface by tissue repair include marrow
stimulation techniques such as microfracture
(MF) [15], mosaicplasty [8] or regenerative

approaches such as autologous chondrocyte
implantation (ACI) [2] and other variations on
chondrocyte-based therapies. While MF consists
of a single-step arthroscopic procedure, ACI
requires an arthroscopic intervention to obtain a
good-quality cartilage sample for expansion
and a subsequent mini-arthrotomy to implant
the expanded chondrocytes.

OSTEOARTHRITIS

Osteoarthritis is a chronic disorder characterized
by softening and disintegration of articular
cartilage, with reactive remodeling phenomena,
osteoblastic activity in subchondral bone, new
growth of cartilage and of bone (osteophytes) at
the joint margins, and capsular fibrosis. Venous
congestion and microvascular hyperpression in
subchondral bone has repeatedly been reported
[11]. Osteoarthritis is the most common joint
disease and one of the most frequent causes of
physical impairment [10].

Clinical forms of osteoarthritis

The disease can be subdivided into primary and
secondary osteoarthritis. In  primary or
idiopathic osteoarthritis the physiological and
biochemical characteristics of the tissues are
normal at the onset of the disease, but the joint
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is compromised by its function as a weight
bearing joint. With abnormal use or increasing
age, the involved joint will present the common
anatomical changes of osteoarthritis. In postural
primary osteoarthritis the joint is subjected to
increased loading due to static abnormalities
with degenerative changes as a result, e.g. in the
knee due to trochleodysplasia or patella alta.

In secondary osteoarthritis the joint tissues are
abnormal at the onset of the disease. This
condition can occur when the articular cartilage
has previously been affected by transient but
recurrent inflammation of the synovial mem-
brane as seen in haemochromatosis, in chondro-
calcinosis or in burned-out rheumatoid arthritis.
Inherited disorders of articular cartilage collagen
molecules and metabolic disorders such as
ochronosis, acromegaly and chondrocalcinosis
can also be the underlying cause of'this subgroup
of osteoarthritis. Furthermore, secondary osteo-
arthritis will be present in joints in which the
subchondral bone has previously been affected
e.g. after intra-articular fractures or chondral
trauma. Secondary osteoarthritis has a higher
incidence in patients who also present primary
osteoarthritis.

Trauma to a joint with articular incongruity and
recurrent instability will also generate
osteoarthritic changes. The development of
clinical and radiological osteoarthritis in these
weight bearing joints is more frequent in people
with generalized osteoarthritis than in those
without.

Genetic, metabolic and endocrine (primary)
factors will alter the physical properties of
articular cartilage determining who will be a
candidate for developing osteoarthritis, whereas
trauma or increased stress determine when and
where osteoarthritis will occur.

Since the progression of the disease is slow, the
symptoms occur at an advanced age, at variable
intervals after the initiating event. The
degenerative changes are more related to
impact loading than to frictional wear.

Defining and diagnosis of early knee
0A [14]

Usually the diagnosis of knee OA can be made
by history and physical examination including
signs/symptoms of knee pain with joint
stiffness, joint crepitus and functional limita-
tions of the knee, typically in a population
above 45-50 years old. Diagnosis is confirmed
by conventional radiographs demonstrating
changes such as joint space narrowing, osteo-
phytes, subchondral bone sclerosis and cysts.
The radiograps are graded according to
Kellgren (II-IV) or in the patellofemoral joint
graded according to Iwano. Early OA of the
knee is somewhat more complicated as the
patient show limited and sporadic signs/
symptoms, only becoming manifest under
certain conditions such as after long term
loading (jogging or other sports activities...).
This early form of knee OA is thought to be a
process that displays a number of tissue related
phenomena leading to the loss of homeostasis
of the knee, and in most cases leading to
established OA. It is the clinical recurrence of
pain and discomfort of the knee, short periods
of stiffness, with in between long periods of
very little clinical manifestations eg. slight
swelling of the joint, probably due to sponta-
neous adaption of the patient, that sets the
clinician to perform additional investigations
(radiographs, ultrasound, MR or arthroscopy).
In these cases the history and the clinical
examination often suggest a local problem of
mechanical nature. Classical radiographs in
general are quite disappointing in this sense
that, certainly if no earlier X-rays are available
as in most cases, very few specific signals are
seen. Some joint space narrowing in one
compartment, some hints for the formation of
what may probably become an osteophyte, and
thus typically at best qualified by a Kellgren I
or Iwano I, could be seen. It reveals very little
of potentially many more tissue processes in
the joint. In addition, the robustness of this last
scoring categories is however difficult, and
studies reveal the quite poor intra- and inter-
reader reproducibility of this scoring system.
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New advanced imaging techniques are rapidly
improving in quality, in particular MR and
arthroscopy, revealing a spectrum of alterations
in the joint tissue that definitely identify more
pathology in the joint than thought, and loss of
joint homeostasis. The tissue changes in the
knee (in this case the PFJ) typically shows
changes in cartilage morphology (joint surface
fibrillation and single or multiple cartilage
defects), more diffuse cartilage loss, bone
marrow changes, slight subchondral sclerosis
and cysts, synovitis and some presence of joint
fluid... In these cases, MR and arthroscopy are
to a certain extent complementary thereby
providing an overall assessment of the knee
and its structural changes. It is with these tools
available in daily clinical practice, that it is
clear that in some patients early OA can be
diagnosed. Early OA would typically combine
slight clinical signs and symptoms as described
above but also displaying a number of structural
changes that are not seen on conventional
X-rays, and yet revealing by advanced imaging
changes identifying a knee that could progress
and develop established OA. With the current
knowledge of the development of these
technologies, it is surprising that the current
OA definition has not changed since 1986 to
capture early OA. Luyten et al. [14] suggested
that in view of an increasing number of clinical
investigations and trials with advanced imaging
techniques, it would be useful to define early
OA (with advanced imaging and arthroscopy
components of this classification). Having this
new classification system would be useful to
discriminate early OA from frank established
OA, and from patients with isolated (traumatic)
cartilage damage with an otherwise healthy
joint. It is suggested that there is a potentially
different (clinical) outcome for different
treatment approaches, so studied patient group
should be more specified in the future.

Classification criteria early knee OA
[14]

The ACR criteria for OA of the knee have been
published by Altman et al. [1], mostly the

combination of clinical and classical radio-
graphic findings. It includes one of the
following three findings (age above 50 years,
joint stiffness with activity less than 30min,
crepitus of the involved joint), together with
radiographic changes i.e. osteophytes and joint
space narrowing on standardized X-rays. These
classification criteria have a 91% sensitivity
and 86% specificity.

The definition of classification criteria for
symptomatic early knee osteoarthritis is
certainly a challenge. However, these
classification criteria would be use in the future
based on the fact that the patient cannot be
classified as established OA by the current used
classification system. To make it clinically
relevant would still imply the combination of
symptoms/signs and  structural changes.
However, strict radiographic criteria as defined
by Kellgren or Iwano will not suffice to capture
an early OA patient. Therefore, new
classification criteria allowing other methods
of structural assessment such as MR and/or
arthroscopy could be proposed.

As suggested above, and in view of the current
classification criteria for established OA,
Luyten et al. proposed the following [14]: A
patient can be classified as having early OA of
the knee based on the following clinical and
imaging criteria:

Clinical Criteria

Pain in the knee (e.g. at least 40mm on VAS
scale, and/or duration e.g. for >10 days in the
last 3 months, or knee pain at least one day
during the last 4 weeks).

+ two of the three following criteria:

Imaging Criteria

1) Iwano grade I-II (probable osteophytes and/
or joint space narrowing).

2) Arthroscopic findings: ICRS grade 1-2.

3) MR findings demonstrating articular carti-
lage degeneration and/or subchondral bone
marrow lesions...
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TREATMENT OF A
CARTILAGE DEFECT IN THE
PATELLOFEMORAL JOINT

The question is now: does the treatment of
cartilage lesions in the patellofemoral joint
prevent or slow down the appearance of
osteoarthritis in this joint?

Treatment of cartilage defects (conservative or
surgical) in the PFJ is performed when there
are symptoms such as pain and locking.

The cause of the lesion has to be diagnosed:

is it:

1/ duetoanunderlyingstructural (morphologic)
deformity or soft tissue insufficiency
causing recurrent dislocation of the patella
or mechanical overload of the joint, or

2/ induced by a blunt trauma or a traumatic
dislocation of the patella without any
underlying structural deformities.

In the first case the underlying deformity or
insufficiency must be addressed to optimize the
cartilage repair procedure. This is complex
surgery that could be performed in a one or
two-stage procedure. Rotational abnormality,
patella alta, excessive patella tilt, high grade
trochlea  dysplasia  and/or  ligamentous
insufficiency must be addressed when one
believes they are producing increased or
abnormal load on the repaired cartilage. After

these correcting procedures the cartilage defect
in the PFJ could be addressed by different types
of cartilage restoring procedures that will be
discussed below.

In the second case eg. a blunt trauma, different
cartilage procedures have been described. Due
to disappointing results after microfracturing
patellofemoral chondral lesions, alternative
treatment methods in this compartment are
preferred. For patella chondral lesions > 2cm?,
different techniques of ACI can be used [13].
For the trochlea, ACI as well or autologous
osteochondral transplantation could be done.
In long-term follow-up studies with ACI in the
PFJ a promising clinical outcome has been
noted with improved symptoms [16] and a
disappearance of the initially present BME.

CONCLUSION

We need a classification system that includes
advanced imaging which is already a part of
our current clinical practice. This would allow
for a category of early osteaoarthritis.

Resurfacing techniques may have success only
if patellofemoral joint kinematics are optimized.

There are no studies today showing that these
resurfacing techniques will reduce the incidence
of PF OA, although the reduction of pain and
symptoms keeps us optimistic.
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CELL-BASED THERAPY IN
ARTICULAR CARTILAGE LESIONS
OF THE KNEE

N. NAKAMURA, H. YOSHIKAWA, K. SHINO

INTRODUCTION

The articular cartilage plays an important role
in load transmission and decreasing joint
friction on articular joints including the knee.
Damage or degeneration of this tissue
potentially gives rise to several clinical
symptoms such as pain and eventually develops
osteoarthritis [1]. Nonetheless, it is widely
accepted that chondral injury does not usually
heal spontaneously due to its avascular
surroundings and unique matrix organization.
Therefore, a variety of approaches have been
tested to improve cartilage healing [1, 2].
Among them, chondrocyte-based therapies
have been focused in terms of their feasibility
to such incurable lesions.

Brittberg et al. [3] for the first time described
the successful repair of femoral condyle defects
of the knee using implantation of autologous
cultured chondrocytes. Hereafter, a number of
studies followed this procedure and suggested
that autologous cartilage implantation (ACI) is
an effective procedure for cartilage defects of
the knee (See this review). This procedure,
however, may have limitations including the
sacrifice of undamaged cartilage within the
same joint and the in vitro expansion of the
cells. Due to the degenerative change in
cartilage with aging, the availability of the cells
may be limited in elderly individuals [4].

To overcome such potential problems, stem
cell therapy has been tested in regenerative
tissue repair. Mesenchymal stem cells (MSCs)
have the capability to differentiate into a variety
of connective tissue cells including bone,
cartilage, tendon, muscle, and adipose tissue
[5]. These cells may be isolated from various
tissues such as bone marrow, skeletal muscle,
synovial membrane, adipose tissue, and
umbilical cord blood. Although stem cells have
potential feasibility to restore articular surface,
there are several issues especially associated
with safety concerns in clinical application and
therefore, as compared with chondrocyte-based
therapies, the number of stem cell-based
therapies are limited. The purpose of this study
was to assess the effectiveness and safety of
cell-based therapy, including chondrocyte-
based and stem cell-based therapies to clinically
significant, symptomatic defects of the knee.

METHODS

Selection of Studies and Data
Evaluation

We searched the MEDLINE (1994 to April
2011) to identify all English-language studies
evaluating the effect of cell-based therapies for
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chondral lesions of the knee. We reviewed all
the clinical trials of 