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SURGICAL ANATOMY : 3 layers
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Popliteo-Meniscal Fascicles

• Increase lateral meniscus stability
• 2 to 3 fascicles

Staubli and Birrer 1990; 
Diamantopoulos, Tokis et al. 2005
Simonian, Sussmann et al. 1997

• Complexe role



Keys for reconstruction



Insertion sites

(Brinkman, Schwering et al. 2005)

!



Clinical Examination

• Very important

• Acute ≠ Chronic

• Static analysis in extension and in flexion

• Dynamic tests



• Gait analysis: varus & recurvatum

Chronic lesion



VARUS STRESS

§ Extension 

§ Flexion 30°

§ Grade A: 0-5 mm
§ Grade B: 6-10 mm
§ Grade C > 10 mm

(Nielsen, 1984 & 1986; Gollehan, 1987; Grood, 1988; Veltri, 1995)



TP

LCL
ME

LPF

STRESS IN VARUS

• Test + in flexion = 
LCL

• Test + in extension = 
LCL + Posterior capsule



(Hughston, Clin Orthop 1980)

RECURVATUM TEST HUGHSTON

1st toe Lift Off

Positive:
Recurvatum + 
External rotation



TP

LCL
ME

LPF

RECURVATUM TEST HUGHSON

• Test + = posterior capsule

• Test +++ : PPL + Cruciate ligament



DIAL TEST / External rotation test

Prone +++

Posterior drawer reduction

Comparative 30° & 90°

Asymetry of 15°

(Larson 2001, Miller 1999, Veltri, AM J Sport Med 1996; Gollehan,1987;Groo,1988; Noyes,1993; Bleday,1998)



(Larson 2001, Miller 1999, Veltri, AM J Sport Med 1996; Gollehan,1987;Groo,1988; Noyes,1993; Bleday,1998)

DIAL TEST / External rotation test

• Test + at 30° flexion : 

Popliteus Lateral Corner

• Test + and rotation at 90° > 30°: 

PLC and Posterior Cruciate lgt

TP

LCL
ME

LPF



(Covey, JBJS 2001, Jacob)

REVERSE PIVOT SHIFT

False positive: 35%

Poor Se/Sp



In brief

3 important tests
Don’t forget common peroneal nerve palsy

Varus test Dial testRecurvatum test



Standard X-Rays



Preop or Perop Stress X-Rays

Stress X-Rays: Lateral opening
(Differentiel laxity: 2,7 to 4mm)

Laprade et al, JBJS 2008



MRI : 3 planes Analysis

IRM: RHO FAT SAT Analyse dans les trois plans 



Systematic analysis

Superficiel Intermédiaire Profond

Tractus ilio-tibial
Biceps fémoral
N. Fibulaire commun

Lgt Collatéral Latéral
Gastronecmien latéral

Tendon poplité
Lgt Fibulo-poplité
Ménisque latéral

Avt

Arr



In case of Chronic

MRI Axis 

Full weight bearing
Bipodal
Monopal



In case of Multi-ligament Injury

Be aware of vascular lesion



« Anatomic » Reconstruction
• Importance of 3 structures:

Gollehon (JBJS 1987), Laprade (CORR 2002), Sonnery-Cottet (KSSTA 2013)

• Lateral Collatéral Lgt (LCL)
• Popliteo-Fibular Lgt (PFL)
• Popliteus Tendon (PT)

Static Stabilizer

Dynamic stabilizer?

LCL
PTLPF

GL

ML

CL

Fibula



« Anatomic » Reconstruction

• Lateral Collateral Ligament (LCL)
• Popliteo-fibular Ligament (PFL)
• Popliteus Tendon (PT)
• Multi-Ligament

McGuire
(Arthroscopy 2003)

Feng (Arthroscopy 2009)

LaPrade (Am J Sport Med 2010)

LaPrade (Am J Sport Med 2004)Dickens (J Knee Surg 2011)



Lateral Collateral Ligament

• LaPrade (Am J Sport Med 2010)

• Semi Tendinosus

• Fixation : - flexion 20°, valgus 



Lateral Collateral Ligament
• Noyes (Am J Sports Med 2007)

• Patellar Tendon

• Fixation : - flexion 30°
- Correction of varus



PFL + LCL

Larson Plasty
(Oper Tech Sports Med 2001)

Dickens, Arciero Plasty
ü Oblique fibular tunnel
ü 2 bundles
ü Anatomic Femoral insertion sites

Dickens (J Knee Surg 2011) Arciero (Arthroscopy 2005)



PFL + LCL

Larson Plasty
(Oper Tech Sports Med 2001)

Dickens, Arciero Plasty
ü Oblique fibular tunnel
ü 2 bundles
ü Anatomic Femoral insertion sites

LCL

LPF

Dickens (J Knee Surg 2011) Arciero (Arthroscopy 2005)



PFL + LCL + PT

• LaPrade (Am J Sports Med 2004)

ü 4 Tunnels : 

ü 2 Bundles : 

- Tibia : 1
- Fibula : 1
- Femur : 2

- PT
- PFL + LCL



PFL + LCL + PT

• LaPrade (Am J Sports Med 2004)

ü 4 Tunnels : 

ü 2 Bundles : 

- Tibia : 1
- Fibula : 1
- Femur : 2

- PT
- PFL + LCL

LCL

PT

PFL
LCL

PT



Orthopaedics & Traumatology: Surgery & Research 103 (2017) 1031–1034

Available  online  at

ScienceDirect
www.sciencedirect.com

Technical  note

Anatomical  knee  postero-lateral  corner  reconstruction:  The
“Versailles”  technique

J.  Murgiera,b, P.  Boisrenoulta,∗, C.  Steltzlena,  P.  Beaufilsa,  N.  Pujola

a Service d’orthopédie traumatologie, centre hospitalier de Versailles, 78150 Le Chesnay, France
b Service d’orthopédie-traumatologie, hôpital Pierre-Paul-Riquet, 308, avenue de Grande-Bretagne, 31059 Toulouse, France

a  r  t  i  c  l e i  n  f  o

Article history:
Received 9 February 2017
Accepted 16 May  2017

Keywords:
Postero-lateral instability
Knee ligament reconstruction
Postero-lateral corner

a  b  s  t  r  a  c  t

Postero-lateral  knee  instability  raises  surgical  challenges.  Of the  many  available  reconstruction  tech-
niques,  few  ensure  anatomical  reconstruction  of  the postero-lateral  corner  (PLC).  The  “Versailles”
technique  ensures  the  anatomical  reconstruction  of  the three  main  PLC  stabilisers  (lateral  collateral  liga-
ment, popliteus  tendon,  and  popliteo-fibular  ligament)  by  using  either  a hamstring  autograft  or  a tendon
allograft.

©  2017  Elsevier  Masson  SAS.  All  rights reserved.

1. Introduction

The accurate diagnosis and appropriate management of
postero-lateral instability is an indispensable component of the
therapeutic strategy for knee ligament injuries. Injuries to the
postero-lateral corner (PLC), which are rarely isolated [1], cause
rotation and varus instability [2]. Concomitant injuries to the ante-
rior cruciate ligament (ACL) and/or posterior cruciate ligament
(PCL) should be sought routinely, as they are associated with an
increased risk of ligament reconstruction failure if left untreated
[3]. Most of the studies of PLC injuries demonstrate that surgical
treatment is required [4]. However, the optimal surgical technique
remains unclear, as outcome data are available only for small sam-
ple sizes [5]. Concomitant ACL injury carries a better prognosis
compared to concomitant PCL injury [6–8].

This technical note describes the “Versailles” PLC reconstruc-
tion technique, which ensures the anatomical reconstruction of
the three main PLC stabilisers (popliteo-fibular ligament [PFL],
popliteus tendon, and lateral collateral ligament [LCL]) to restore
postero-lateral stability of the knee.

2. Anatomy

The PLC is composed chiefly of three well-identified structures:
the PFL, LCL, and popliteus tendon.

The PFL (or arcuate ligament) provides static stability against
external rotation [9,10] and, to a lesser extent, varus laxity and

∗ Corresponding author.
E-mail address: pboisrenoult@ch-versailles.fr (P. Boisrenoult).

posterior translation [11,12]. The PFL extends from the fibular
styloid process (1.3 mm distal and 0.5 mm anterior to the apex of
the process) to the myotendinous junction of the popliteus muscle
[13,14]. It is Y-shaped, with an anterior band and a posterior band.

The LCL is the main restraint against varus laxity of the knee [15].
It attaches to a depression located 1.3 to 1.4 mm proximal and 3.1
to 4.6 mm posterior to the lateral femoral epicondyle [13,14]. The
distal attachment on the fibula is 11.7 mm anterior and 13.7 mm
distal to the apex of the fibular styloid process. Mean length of the
LCL is about 69 mm.  The surface area of the cross-section is 0.48 cm2

at the femoral attachment and decreases gradually to 0.43 cm2 at
the fibular attachment [16].

The popliteus muscle provides static and dynamic stability,
chiefly in rotation. It attaches to the postero-medial aspect of the
tibia then extends laterally and proximally [12]. The myotendinous
junction is at the level of the popliteal depression located behind the
lateral tibial plateau. The tendon becomes intra-articular when it
passes below the LCL. It attaches to the lateral femoral epicondyle
18 mm  distal and 0.84 mm anterior to the attachment of the LCL
[13,14,17,18]. The popliteus muscle has numerous connections to
the lateral meniscus (popliteo-meniscal fascicles) that strengthen
its stabilising effect.

3. Operative technique

The “Versailles” technique is performed in the same way for
acute and chronic reconstructions of the lateral collateral ligament
and the postero-lateral corner. The patient is supine with the foot
in a hinged position to allow control of knee flexion. A tourniquet is
placed at the root of the thigh. The procedure is usually done under

http://dx.doi.org/10.1016/j.otsr.2017.05.026
1877-0568/© 2017 Elsevier Masson SAS. All rights reserved.
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general anaesthesia. Preoperatively, comprehensive testing of the
knee ligaments is performed comparatively to the other side.

A curved incision 8 to 10 cm in length is created between Gerdy’s
tubercle and the apex of the fibula, along the axis of the lateral
femoral epicondyle. After dissection of the subcutaneous plane, two
longitudinal windows are created. The first window is centred over
the lateral femoral epicondyle after incision of the ilio-tibial band
along the direction of the fibres. Femoral lesions of the popliteus
tendon and LCL are identified. The lateral femoral epicondyle and
attachment of the popliteus tendon are palpated. The second win-
dow passes behind the ilio-tibial band and serves, after incision of
the capsule, to identify the popliteal depression (at the posterior
aspect of the lateral tibial plateau) and apex of the fibula.

At this point, the common peroneal nerve located behind the
biceps femoris tendon must be identified.

The apex of the fibula (anterior and posterior aspects) is released
using a monopolar electrocauter to allow identification of the
attachments of the PFL and LCL. A guide wire is then inserted in
the distal-to-proximal and anterior-to-posterior direction into the
head of the fibula. A guide wire is sequentially positioned along the
directions of the anatomic attachments of the FPL and LCL. A tunnel
is then drilled using a 6 to 7-mm bit. It may  be positioned slightly
more distally (in the wide part of the fibular head).

An antero-posterior 7- to 8-mm tibial tunnel is then drilled for
the popliteal tendon. The tunnel starts at Gerdy’s tubercle and ends
at the popliteal depression located about 1 cm below the lateral
edge of the lateral tibial plateau. This depression can be readily
identified by finger palpation. A ligamentoplasty aiming system can
be used for this step. A guide wire is used to check proper tunnel
position (with a retractor placed behind the tibial plateau to protect
the soft tissues) and the cannulated drill bit is then introduced. A
metal wire is finally used to retrieve the loop from the anterior
orifice.

The last tunnel is curved and connects the popliteus tendon
attachment site anterior to the lateral femoral epicondyle to a hole
created immediately behind the epicondyle (at the LCL attachment
site). The tunnel is drilled using two 6-mm bits, one at each end,
then completed using a curved rasp (Fig. 1).

Fig. 1. Lateral view of the right knee showing the three tunnels before introduction
of  the graft.

Fig. 2. Lateral view of a left knee showing passage of the graft from anterior to
posterior at the tibia then from anterior to posterior at the femur, with the two free
strands that are introduced first at each step (to improve visibility, the ilio-tibial
band has been removed).

The spaces under the fascia lata and LCL are released using a
Kelly forceps to facilitate passage of the graft.

The tendon graft should be prepared in a Y shape, with an about
10-cm-longwhip-stitched common portion that divides into two
strands.

Reconstruction is achieved by introducing the two strands
together into the tibial tunnel from anterior to posterior using wire
graft passers. The two strands are retrieved then passed through
the femoral tunnel in the anterior-to-posterior direction (Fig. 2).
The femoral bony bridge is reinforced by a staple to limit the risk
of collapse and secure the graft to the femur (Fig. 3).

The leg is then extended (in neutral rotation) and the common
tibial strand, held taut by an aide, is fixed using an absorbable tibial
interference screw to form the popliteal portion of the reconstruc-
tion.

The LCL can then be reconstructed using the two strands exiting
from the posterior part of the condylar tunnel. The thicker strand
is introduced into the fibular tunnel from anterior to posterior and
the thinner strand from posterior to anterior (Figs. 4–6).

These strands are fixed into the fibular tunnel using an
absorbable screw, with the knee flexed at 30◦ (neutral rotation)
then stitched to each other (Fig. 7). Tension must be sufficient but
not excessive, to avoid postoperative stiffness.

The excess tendon threaded from posterior to anterior is
stitched to the reconstruction.

Fig. 3. A staple is inserted to protect the femoral bony bridge.

J. Murgier et al. / Orthopaedics & Traumatology: Surgery & Research 103 (2017) 1031–1034 1033

Fig. 4. Lateral view of a left knee. The graft passers are retrieved through the fibular
tunnel to reconstruct the lateral collateral ligament (to improve visibility, the ilio-
tibial band has been removed).

Reconstruction of the PFL is achieved using the excess tendon
threaded from anterior to posterior, which is stitched to the middle
third of the popliteal portion of the reconstruction.

4. Discussion

The “Versailles” PLC reconstruction technique produces good
outcomes with a stable knee during daily activities [19,20]. In addi-
tion, the “Versailles technique is effective in correcting rotational
knee laxity [2].

The anatomic nature of the reconstruction is an advantage, as
it replicates kinetics similar to those of the normal knee [21–24].
The “Versailles” technique reconstructs the three main PLC struc-
tures, whose proper position is determined based on anatomic
studies [25]. Non-anatomical PLC reconstruction techniques seem
less effective [22,26,27].

Selection of the graft material depends on the initial lesions,
notably the concomitant injuries. For patients with multiple knee

Fig. 5. The two strands used to reconstruct the lateral collateral ligament cross in
the fibular tunnel (to improve visibility, the ilio-tibial band has been removed).

Fig. 6. Lateral view of the right knee: diagram showing passage of the graft through
the  three tunnels.

Fig. 7. The two  strands that replace the lateral collateral ligament are stitched to
each other (to improve visibility, the ilio-tibial band has been removed).

ligament injuries, the availability of allografts decreases the mor-
bidity related to the surgical harvesting of multiple grafts (which
must sometimes involve the contralateral knee) and decreases the
operative time [24,28,29]. We  prefer allografts with no bony attach-
ments (fibular tendons), as they are easier to use. Furthermore,
biological integration of allografts is closely similar to that of auto-
grafts [30]. When no allografts are available, we  use autologous
gracilis and semi-tendinosus tendons. In addition, in the event of
decoaptation during gait or greater than 5◦ varus angulation, a tibial
valgus osteotomy can be combined with the reconstruction proce-
dure, in one or two stages.

5. Conclusion

The “Versailles” PLC reconstruction technique ensures the
anatomic reconstruction of all three PLC structures (LCL, popliteus



Surgical Details
• Approach :

• Lateral, From the epicondyle to the Gerdy Tubercle
• Common Peroneal Nerve neurolysis

• Fixation :
• ACL + PLC : Postero Lateral Corner First
• PCL + PLC : PCL First

• Postoperative recommandations :
• ROM: 0 – 90°6 weekss
• No weight Bearing during 6 weeks
• Hinged Brace during 3 months



Osteotomy
• Depending on lower limb axis in chronic Posterolateral injury

• Varus deformity ì constraints on postero-lateral plasty è
Failure
Christel (KSSTA 2003), Savarese (J Orthop Trauma 2011)

• Need previous correction :
• Varus deformity
• Lateral decoaptation
• Chronic Postero-Lateral Laxity > 3 months

• Plasty: One stage or two stage
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Abstract High tibial osteotomy (HTO) is a surgical
procedure used to change the mechanical weight-bearing

axis and alter the loads carried through the knee. Con-

ventional indications for HTO are medial compartment
osteoarthritis and varus malalignment of the knee causing

pain and dysfunction. Traditionally, knee instability asso-

ciated with varus thrust has been considered a contraindi-
cation. However, today the indications include patients

with chronic ligament deficiencies and malalignment,

because an HTO procedure can change not only the coronal
but also the sagittal plane of the knee. The sagittal plane

has generally been ignored in HTO literature, but its

modification has a significant impact on biomechanics and
joint stability. Indeed, decreased posterior tibial slope

causes posterior tibia translation and helps the anterior

cruciate ligament (ACL)-deficient knee. Vice versa,
increased tibial slope causes anterior tibia translation and

helps the posterior cruciate ligament (PCL)-deficient knee.

A review of literature shows that soft tissue procedures
alone are often unsatisfactory for chronic posterior insta-

bility if alignment is not corrected. Since limb alignment is
the most important factor to consider in lower limb

reconstructive surgery, diagnosis and treatment of limb
malalignment should not be ignored in management of

chronic ligamentous instabilities. This paper reviews the

effects of chronic posterior instability and tibial slope
alteration on knee and soft tissues, in addition to planning

and surgical technique for chronic posterior and postero-

lateral instability with HTO.

Keywords Knee ! High tibial osteotomy ! Tibial slope !
Posterior instability ! Varus deformity

Introduction

High tibial osteotomy (HTO) has always been performed to
correct malalignment of the knee due to osteoarthritis (OA)

of the medial compartment associated with pain and func-

tional impairment. Some studies [1, 2] have demonstrated
that alignment correction was associated with regeneration

of articular cartilage apparently normal, so in the last

10 years HTO has become very popular in association with
new cartilage techniques and meniscal graft [3]. In the past

years, knee malalignment associated with chronic instabil-
ity and varus thrust has been considered a contraindication

for HTO because of the poor results reported in literature [4,

5]. However, nowadays, chronic instability has become
again an indication for HTO, because it allows the surgeon

to correct both the coronal and the sagittal alignment,

improving the function of an unstable knee. In literature, the
sagittal plane of the knee has often been ignored; however,

its modification has effects on biomechanics and articular

stability. Camarda et al. [6] showed good results in treat-
ment of chronic isolated PLC injury with fibular-based

technique; however, when PLC injury is associated with

malalignment, soft tissue techniques alone, without
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a  b  s t  r a c  t

The  distal  femoral  valgisation  osteotomy  has  a variety  of  indications  due  to enhanced  understanding  of
segmental  deformities  of  the  lower  limb.  Historically,  an  overall  varus  deformity  was  corrected  at the
tibia, and  a valgus  deformity  at  the  femur.  This  approach  of  performing  an  “all  in the  tibia”  correction
for  an overall  varus  can  nevertheless  lead  to abnormal  postoperative  morphology  because  it is  non-
anatomical;  creating  joint  line  obliquity,  and  potentially  shear  stress  on the  cartilage.  An original  lateral
femoral  closing  wedge  osteotomy  technique  is described,  allowing  the  correction  of  a genu  varum  of
femoral  or  mixed  origin,  in  the  event  of an  associated  tibial valgisation  osteotomy.  The detailed  technique
minimizes  the  risk  of a hinge  fracture  while  improving  post-operative  outcomes.

© 2021  Elsevier  Masson  SAS.  All  rights  reserved.

1. Introduction

The overall alignment of the lower limb is usually normocen-
tered resulting from a tibial varus of 3–4◦ and a femoral valgus
of 3–4◦ creating joint line obliquity of 2–3◦ in two-legged weight-
bearing and horizontality during one-legged walking. For 17% of
healthy subjects, the overall alignment of the lower limb is in varus
(HKA < 177◦), with a femoral or mixed (at least 3◦) origin of this
varus in almost half of the cases (45%) [1].

A recent series, [2] with a minimum follow-up of 5-years, set
the threshold from which an oblique joint line of ≥ 4◦ causes func-
tional repercussions. To limit these situations of deleterious tibial
corrections, a femoral osteotomy can be performed (isolated or in
combination).

In this technical note, we will discuss the technical features of
the lateral femoral closing wedge osteotomy.

Abreviations: HKA, Hip-Knee-Ankle angle; mLDFA, Mechanical Lateral Distal
Femoral Angle; MPTA, Medial Proximal Tibial Angle.

∗ Corresponding author.
E-mail address: ollivier.matthieu@yahoo.fr (M.  Ollivier).

2. Indication and planning

Our original indication was  the existence of an overall varus
deformity of the lower limb with the existence of early medial
femoral-tibial osteoarthritis, associated with a substantial extra-
articular deformity in the femur. However, “rescue” osteotomy
should not be excluded in a young patient with advanced
osteoarthritis and a lower femoral deformity.

The existence of an isolated mLDFA (mechanical lateral dis-
tal femoral angle) > 90◦, or in association with a tibial correction,
signify a satisfactory threshold for indication of correction in our
clinical practice (normal mLDFA value = 86–87◦).

Pre-operative planning must identify several key elements:

• the significance of the global deformity;
• the significance of the femoral, tibial and intra-articular deformi-

ties;
• defining the type of correction required;
• defining the ideal cutting plane.

The use of two cutting planes (biplanar osteotomy) has some
advantages [3]:

• increased contact area at the osteotomy site;

https://doi.org/10.1016/j.otsr.2021.102989
1877-0568/© 2021 Elsevier Masson SAS. All rights reserved.



RETROSPECTIVE STUDY

• Multicentric (9 centers)
• Retrospective Study
• Isolated PLC injury +/- ACL or PCL 
• Exclusion criteria : Bi cruciate injury, 

non operative treatment



Material & Methods

102 Patients 

Mean Age : 29 ans (+/- 8,9)

Surgery between 1999 and 2012

Mean FU : 34,6 Months



Reconstruction vs Repair

Reconstruction                      Repair

n = 74 n = 23 



Reconstruction vs Repair

70% A-B   vs. 52% A-B
P=0,07 ns

Reconstruction                      Repair



Reconstruction vs Repair

79,2   vs. 68
p=0,021

Reconstruction                      Repair



Ø Repair versus Reconstruction
ØDelay Injury-Surgery (>21J) (p=0.02)
ØNumber of lesions (=4)
Ø Important Varus (HKA<175°)

Factors of Bad Pronostic



Complications

• Associated lesion : Common Peroneal Nerve in 7%

• 5 stiffness
- 3 arthrolysis
- 1 MUA <45J
- 2 MUA >45j (1 secondary arthrolysis)

• 1 HAEMATOMA with CPN compression

• 1 INFECTION à 1 mois



Pivot Sport

Sport return

Ø Patient Information+++

Professional: 30%         (58% if <21 days, 19% if >21 days)
Non Professional: 78%

72%
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