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111ED CANTE

The Comparative Role of the Anterior Cruciate ()
Ligament and Anterolateral Structures in Controlling
Passive Internal Rotation of the Knee: A
Biomechanical Study

Nicolas Ruiz, M.D., German J. Filippi, M.D., Bertrand Gagniére, M.D., M.Sc.,
Mark Bowen, M.D., and Henri E. Robert, M.D.

Purpose: To determine the respective functions of the anterior crudate ligament (ACL) and the anterolateral structures
(ALSs) in controlling the tibia’s passive internal rotation (IR) with respect to the femur, under uniaxial rotation. Method-
s: To test the function of the ACL and the anterolateral ligament (ALL) in IR, we designed a sequential transection study of
the ACL and the anterolateral structures (induding the ALL) in 24 cadaveric knees divided in 2 groups. Two sequences were
conducted successively: group 1 (12 knees) in which the ACL was sectioned first followed by the ALS, and group 2 (12 knees)
with reversed transections. Each knee, in neutral rotation position and at flexion angle of 30°, was subjected to a 5 Nm
torsion torque of IR. IR was measured using a rotatory laximeter, the Rotam with a gyroscope’s measurement accuracy of
0.1°. Laxities were compared using paired t test within each group and using t test between groups. Fisher exact test was used
to compare proporunm Results: In group 1, IR increased from 22.1° £ 10.6° to 25.7° £ 10.9° after ACL transection then to
28.1° £ 10.5° after we sectioned the ALS. In group 2, IR increased from 22.5° & 8.9° to 25.2° & 8.4° after sectioning the ALS,

then t0 29.1° + 8.8° after we sectioned the ACL. Total postsectioning increase in IR was 6.4° + 2° in group 1, and 6.55° + 0.9°

in group 2. The IR increase after each stage of transection and final IR were statistically significant (P < .001). Con-
clusions: In a pure rotational cadaveric test model, the ACL and the ALS contribute to resistance to passive IR of the knee.
Clinical Relevance: In some specific dlinical cases, peripheral lesions may be considered, and injuries to these structures
may need to be addressed to improve results controlling postoperative IR.

See commentary on page 1063

ontrol of internal rotation (IR) in the knee is
dependent on the cruciate ligaments, peripheral
ligament structures, and the hamstring musdes.’ Over
the last 20 years, substantial progress has been made
in the anatomic reconstruction of the anterior
cruciate ligament (ACL).” “Anatomic” double-bundle
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reconstructions (ADBRs) have been proposed in place
of single-bundle reconstructions or anatomic single-
bundle reconstructions (ASBRs) to ensure better rota-
tional control and reduce the frequency of a persistent
pivot shift.”” Recent studies showed no significant dif-
ference between ADBR and ASBR groups for clinical
outcomes (Lysholm score and subjective IKDC score) or
for laximetric results (anterior tibial translation and pivot
shift), when an individualized reconstruction is used.*’
Residual sagittal laxity remains, and the presence of
pivot shift with ADBR seems to be just as frequent
(around 10%) as in cases of ASBR.*” In a meta-analysis
on 4 randomized controlled trials, Meredick et al.”
concluded that “double-bundle reconstruction does not
result in clinically significant differences in KT-1000
arthrometer or pivot-shift testing.”

Because the ACL reconstruction (ACLR) technique,
meaning the intra-articular graft itself, does not control
the pivot shift alone, we should consider some possible
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INTRODUCTION

Probléematique :
La reconstruction du LCA peut laisser persister une
instabilité rotatoire

|

Cliniguement : PIVOT-SHIFT
= Valgus - Flexion +(RM

|

Questions :
-La reconstruction du LCA est-elle anatomique ?
-Le LCA est-il seul responsable du contrble de la RM ?




INTRODUCTION

HYPOTHESES :

- Plastie non anatomique
- Reconstruction mono-faisceau

(-..)

- Structures ligamentaires périphériques négligées

=> Structures antérolatérales (dont ALL)




INTRODUCTION

SEGOND PF.

Recherches cliniques et expérimentales sur les épanchements
sanguins du genou par entorse. Paris. 1879

« Il existe une bande fibreuse, nacrée, résistante, qui,
dans l'exagération du mouvement en dedans, subit
toujours un degré de tension extréme »

L EPENEHEMENTS SARGETNS

D GENOT

Fracture de
Segond

PAUL SEGOND




INTRODUCTION

HUGHSTON JC et al.

Classification of knee ligament instabilities
Part Il. The lateral compartment. J Bone Joint Surg Am 1976

« The mid third of the Ilateral
capsular ligament attaches
proximally to the lateral epicondyle
and distally at the tibial joint
margin »

« Anterolateral rotatory instability,
demonstrated by the Jerk test is
caused by a tear of the lateral
capsular ligament but it may be
accentuated by a tear of the ACL »




INTRODUCTION

VIEIRA EL et al.
An anatomic study of the iliotibal tract. Arthroscopy 2007

Avec 'aimable « (...) because of its function named it as anterolateral
autorisation de E. VIEIRA ligament of the knee, particularly regarding its

A 1L : capsular-osseous layer »

« In fact, it acts as a true anterolateral ligament »

MULLER W. - LAPRADER. -
VINCENT JP. - CLAESS. -

== 1Y AV DODDS AL. - DAGGETT M. (...)

layer
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Avec "'aimable autorisation de M. Daggett

DAGGETT M. et al. Surgical dissection of the anterolateral ligament. Arthroscopy 2016
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DAGGETT M. et al. Surgical dissection of the anterolateral ligament. Arthroscopy 2016




HYPOTHESE

Les structures antérolatérales (dont I’ALL)
—comme le LCA —
ont un role dans le controle de la RM du genou

OBIJECTIF

Comparer les rbles respectifs du LCA et des structures
antérolatérales dans le contrdle de la RM passive du
tibia sous le fémur a 30° de flexion




MATERIEL ET METHODE

PREPARATION ANATOIMIQUE & LAXIIVIETRE R

24 membres inférieurs cadavériques frais
- 8H, 16F : d’age moyen 76 ans (47-92)
- Genoux indemnes de |lésions dégénératives

Mesures des laxités rotatoires
ROTAM® : 5N/m
Mesures comparatives des RM

- QGyroscope : 0.1°
- Genou a 30° de flexion
-  Bloc pied-cheville

Electric




IVIATERIEL ET METRODE




MATERIEL ET METHODE

Courbe : RM (°) / moment de force (N/m)
- Moyenne de 3 mesures a chaque étape

External Rotation

ACL + ALS

50
Internal Rotation Rotation (°)




MATERIEL ET METHODE

PROTOCOLE DE L'ETUD

Série 1 (12 genoux) :
- Section du LCA ...
.. puis section des structures antérolatérales

Série 2 (12 genoux) :
- Section des structures antérolatérales ...
.. puis section du LCA

Les deux séries étaient comparables en dge, sexe, et RM initiale




MATERIEL ET METHODE

* Section du LCA
* Section de la capsule AL

H. Rolert




Sections des structures
capsulo-ligamentaires
antérolatérales :

¢ audessus du ML
¢ enavantdu LCL
¢ respect du TFL




RESULTATS

o Section; capsulesAl
GEenoussain Section LCA : ,,’\)r 0
A

Rotation médiale 22,1° 25,7° 28,1 °

Gains apres +2,8°

section (1,2 a 5,5°)

Sectioncapsuie A
Genou sain AL 4 Ij;r Section|LCA
AL

Rotation médiale 22,5° 25,2° 29,1°

Gains apres +2,7°

section (1 a 45°) (2 a2 62°




RESULTATS

Progression significative de la RM
Gains totaux apres section LCA + ALS
Série1:+6,4° (+28,9%)*

Série 2 :|4+6,6°/(+29,2%)*

GAIN DE RM SIGNIFICATIF (p<0,001)
— apreés section ACL ’
- aprés section ALS § |
— apres section ACL+ ALS ou ALS + ACL -
- Group 2
PAS DE DIFFERENCE SIGNIFICATIVE DE ok e
GAIN DE RM ENTRE GROUPE 1 & 2
(p=0,80) ‘
0

intact Knee 1st transection 2nd transection




DISCUSSION

Le LCA et les structures capsuloligamentaires
antérolatérales participent au controle de la RM
passive du genou a 30° de flexion, de maniere
synergique et indépendante :

Section couplée LCA + ALS =>+30% de RM

Role préedominant du LCA a 30° de flexion :
Section LCA : +3,6° & +3,9° (+16,4% & +17,2%)
Section ALS : +2,8° & +2,7° (+12,5% & +12%)
Non significatif




DISCUSSION

Role du LCA dans le contrdle de la RM :
+1,3° KANAMORI, Arthroscopy 2000
+3° DIERMANN, AOTS 2009
+4° MARKOLF, JBJS Am 2009
+5° LORBACH, AJSM 2010
+3,8° AMIS, Arthroscopy 2014
+1,6° NOYES, AJSM 2015

Role des structures capsuloligamentaires AL dans le

controle de la RM :

+5,5° MONACO, KSSTA 2012
[ACL>ALL]<30°<[ALL>ACL] PARSONS, AJSM 2015

+4° SPENCER, AJSM 2015




DISCUSSION

PLACE DES TENODESES EXTRA ARTICULAIRES :

Raisons ANATOMIQUES et BIOMECANIQUES

. puisque les ALS participent au
contrble rotatoire du genou, il semble logique de les
reconstruire lors des greffes du LCA

P. Imbert. Contrble de la stabilité rotatoire et ligamentoplastie du Ica.
Maitrise Orthopédique n°158 - novembre 2006



DISCUSSION
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Raisons ANATOMII

ENGEBRETSEN L. et al. The effect of an iliotibial tenodesis on intraarticular
graft forces and knee joint motion. AJMS 1990

“Adding the iliotibial band tenodesis to an existing standardized intraarticular
reconstruction significantly decreased the force in the ACL composite graft by
an average of 43%”




DISCUSSION

PLACE DES TENODESES EXTRA ARTICULAIRES
~

| :
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Quand ...?
* Laxité majeure

Rotatoire : Ressauts grade Il ou lll
Antéropostérieure : LACHMAN +++, GnRB, TELOS...

* Niveau sportif & sports pivot-contact
* Rupture itérative

Systematique ... ?

Bénéfices controversés & Complications




FORCES DE L'ETUDE

Etude biomécanique originale et série importante
Mesures rotatoires fiables et précises : 0,1°

Couple de torsion de 5N/m controlé

Bonne reproductibilité des mesures

Section en bloc des éléments capsuloligamentaires AL

LIMITES DE L'ETUDE

Genoux cadavériques ages
Pas d’enregistrement simultané de la translation AP

Pas d’étude du role des ménisques




CONCLUSION

« We will never fully understand rotatory instability

as long as we look only at the ACL »
MONACO E. KSSTA 2012

« Individualized approach to restore anatomical
structure according to unigue charasteristics of a

patient knee »
ARAUJO P. KSSTA 2014
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