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INTRODUCTION

The rotational stability of the knee is pro
vided by a complex ligamento-muscular 
system, whose the understanding improves 
progressively. One of its elements is the 
anterolateral ligament (ALL), which aroused 
much interest recently. The lateral extra-
articular procedures allow a therapeutic option 
for patients with persistent rotatory instability 
following anterior cruciate ligament (ACL) 
reconstruction. These surgical techniques are 
numerous and evolved in parallel with 
anatomic and biomechanics advances. We are 
providing an overview of the ALL history and 
current surgical techniques.

HISTORY

The avulsion fracture of Segond is the first 
observation of anterolateral structure’s damage. 
It is localized just posterior to the Gerdy’s 
tubercle, at the tibial insertion of a structure 
described as “a resistant, pearly, fibrous band, 
which, in a exaggeration of internal rotational 
movement, is always subjected to an extreme 
degree of tension” [1]. This fracture reflected 
the forced internal rotation at the knee. Since 
1968 and the description of the rotatory 
instability by Slocum [2], then by Hughston in 
1976 [3], the understanding of the anatomy 

and the biomechanics of ALL has made 
considerable progress.

ANATOMY AND 
BIOMECHANICS

The lateral capsuloligamentous tissues are 
composed of several elements, whose the 
relationships and the mechanical properties 
during knee motion are not completely 
understood. The capsulo-osseous portion of the 
iliotibial tract is considered as the “anterolateral 
ligament” of the knee [4]. It is almost 
universally present. According to authors, it 
gets some different names: “short lateral 
ligament”, “capsule-osseous layers” of the 
iliotibial band (ITB), “midthird lateral capsular 
ligament”. During some years its anatomy was 
unclear. Several studies have described it as an 
independent structure, others as a part of the 
ITB, with various insertion sites. Vincent have 
precisely described this ALL [5]. It is inserted 
on the lateral femoral condyle, “just anterior to 
the popliteus tendon insertion, blending with 
its fibers”. Its distal attachment is on the 
proximal anterolateral tibia, 5mm below the 
joint line, posterior to the Gerdy’s tubercle 
(fig.  1). This ligament is a distinct fibrous 
structure, closely associated with the lateral 
meniscus near the junction of its anterior and 
middle thirds, without cleavage plane.
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Fig. 1: Per-operative view during right 
knee arthroplasty (a), line drawing of 
a right knee (b) and cadaveric 
dissection of left knee (c) showing the 
ALL described by Vincent (Photo a: 
courtesy of P. Neyret. Photo c and line 
drawing from Vincent and al. [5]). 

ALL, anterolateral ligament; LCL, lateral 
collateral ligament; LFE, lateral femoral 
epicondyle; PT or Pop, popliteus tendon; GT, 
Gerdy’s tubercle; LM, lateral meniscus; LFC, 
lateral femoral condyle.

a

b

c
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Terry observed that increasingly abdnormal 
Lachman test, pivot-shift test, and anterior drawer 
at 90° of flexion after ACL rupture was correlated 
with the integrity of the capsulo-osseous insertion 
of the ITB [6]. This structure refers probably to 
the ALL. Although the anterolateral structure is 
incompletely understood; its function on 
rotational control is undeniable. The majority of 
sectioning studies reported an increased internal 
rotatory laxity after the anterolateral capsule 
section in ACL deficient knee, particularly at 
flexion angles greater than 35°.

Claes have described another capsular structure 
(fig. 2), whose the femoral attachment is 
located on the prominence of the lateral femoral 
epicondyle (LFE), anterior to the fibular 

collateral ligament (FCL) attachment, proximal 
and posterior to the insertion of the popliteus 
tendon. Its distal insertion is on the anterolateral 
proximal tibia, mid-way between Gerdy’s 
tubercle and the fibular head, with no 
connecting fibers to the ITB [7].

Another more superficial lateral structure has 
been reported by Kennedy in 2015 [8]. Its 
femoral attachment was on average 2.8mm 
posterior and 2.7mm proximal to the FCL 
attachment. Its distal insertion was on the 
anterolateral tibia, posterior to Gerdy’s tubercle 
(fig. 3). Their mechanical properties are still 
poorly understood. Some reservations were 
expressed on the role of this ALL [9] and thus 
on its anatomic reconstruction.

Fig. 2: Cadaveric dissection 
(a) and line drawing of a right 
knee (b) showing the ALL 
described by Claes (from 
Claes and al. [7]). 

ALL, anterolateral ligament; LCL, 
lateral collateral ligament; LFE, 
lateral femoral epicondyle; PT, 
popliteus tendon; GT, Gerdy’s 
tubercle.

b

a
Popliteus Tendon

LCL

Anterolateral Ligament
 (ALL)

Gerdy’s Tubercle

LFE

PT

LC
L ALL GT

Popliteofibular Ligament
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SURGICAL TECHNIQUES [10, 11]

Lateral extra-articular tenodesis 
procedures

The extra-articular tenodesis has been 
attempted historically as an isolated procedure, 
without ACL reconstruction. These techniques 
achieve a lateral reinforcement to control 
rotational laxity, without reproduce the ALL 
course.

Lemaire procedure [12]

This technique uses a strip of ITB, measuring 
18cm long and 10mm wide and left attached to 
Gerdy’s tubercle. The graft is passed under the 
FCL, through a femoral tunnel just above the 
LFE and proximally to the FCL insertion, and 
back under the FCL. It is fixed in tibial bone 
tunnel through Gerdy’s tubercle, at 30° of 
flexion with neutral rotation. Christel and Dijan 
used a modified Lemaire procedure with single 
bundle of graft (75mm long, 10mm wide), 

Fig. 3: Cadaveric dissection (a) and 
line drawing (b) of a right knee 
showing the superficial lateral 
capsular structure (ALL), described 
by Kennedy (Photo: Courtesy of 
T. Branch and T. Lording. Line drawing 
from Kennedy and al. [8]).

LCL or FCL, lateral or fibular collateral 
ligament; ALL, anterolateral ligament.

Biceps 
femoris

ALL
Femoral 

attachment

FCL Femoral 
attachment

Popliteus tendon

Lateral 
gastrocnemius

Gerdy’s 
Tubercle

ALL Tibial
attachment

Anterior arm of 
biceps femoris

FCL attachment to 
fibular head

a

b
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which is passed superficial to FCL. The graft is 
fixed, with an interference screw, in a blind 
tunnel on the LFE [13].

Losee technique: “sling and reef” 
operation [14]

A strip of ITB (16cm long) is harvested and left 
attached to the Gerdy’s tubercle. A tunnel was 
made through the lateral femoral condyle, 
anterior and distal to the attachment of the 
FCL. This femoral insertion site closely 
approximates the anatomic attachment. The 
graft is passed through this tunnel. Then it 
passed back through the lateral gastrocnemius 
tendon, exiting through the posterolateral 
capsule posterior to the FCL and passed under 
the FCL. The gastrocnemius tendon, 
posterolateral capsule and the graft are all 
sutured to the FCL at 45° of knee flexion. Then, 
the graft is sutured back to Gerdy’s tubercle 
(fig. 4).

Ellison technique [15]

In 1979, Ellison described a bony transfer of 
the ITB distal insertion (fig. 5). A bone block of 
1,5cm wide is harvested from Gerdy’s tubercle. 
A 1.5cm strip of ITB is released from the bone 
block. A passage is made under the FCL. The 
capsule beneath the FCL is incised vertically 
and plicated. A small hole is then made anterior 
to Gerdy’s tubercle, just under the lateral 
border of the patella tendon. The bony block is 
then passed underneath the FCL and into the 
bone trough. It is fixed with a staple at 90° of 
knee flexion.

James Andrews technique [16]

This extra-articular tenodesis used a strip of 
ITB of 10cm long, left attached on the tibial 
distal insertion. Two small drill holes were 
made in the distal femur, corresponding to the 

Graft Graft

Fig. 4: Line drawing demonstrating the completed 
graft position in Losee technique [14] (from Lerat 
and al. [26]).

LFE, lateral femoral epicondyle; GT, Gerdy’s tubercle; 
FCL, fibular collateral ligament; LGT, lateral gastrocnemius 
tendon.

Fig. 5: Line drawing demonstrating the completed 
graft position in Ellison technique [15] (from Lerat 
and al. [26]).

LFE, lateral femoral epicondyle; GT, Gerdy’s tubercle; 
FCL, fibular collateral ligament; LGT, lateral gastrocnemius 
tendon.
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anterior and posterior insertions of the ACL on 
the femur. The proximal parts of the strip were 
passed through these holes. The strip of ITB 
could also be fixed with a screw and washer at 
the distal insertion of the lateral intermuscular 
septum on the linea aspera just anterior to the 
posterior femoral cortex. The ITB was then 
fixed superficial to the FCL at 30° of flexion 
with external rotation.

Müller procedure [17]

This anterolateral tenodesis was performed by 
isolating a 1.25cm strip from the posterior 
portion of the iliotibial tract. The distal and 
proximal attachments of this strip were 
preserved. The isometric point of attachment 
for this strip was recognized at the junction of 
the femoral shaft and lateral femoral condyle. 
The strip was fixed to this isometric point by a 
Steinmann pin, and the isometricity was tested. 
The strip was then fixed to this site by a 
cancellous screw with a toothed washer.

These isolated procedures have been abandoned 
progressively faced with unacceptably high 
rates of anterior laxity recurrence. They have 
increased the lateral compartment stresses and 
the degenerative changes, particularly with 
medial meniscal injury associated [18].

Combined intra and extra-articular 
reconstructions

Combined intra-articular and extra-articular 
reconstructions appeared necessary to restore 
sagittal and rotational stability in knees 
combining ACL and ALL deficiencies. These 
procedures do not want to reproduce the 
anatomic course of ALL. They realize a 
genuine lateral extra-articular augmentation of 
the intra-articular reconstruction, which limit 
the excessive internal rotation and the anterior 
translation of the lateral tibial plate.

They allow protecting the intra-articular graft, 
particularly during the healing phase. An 

anterolateral reconstruction decreases loads on 
an intra-articular graft by 43% [19]. Indeed this 
reconstruction allows a better rotational control 
by its lateral long lever arm. Ellison described 
the ACL as, “the hub of the wheel”, and noted, 
“it is easier to control rotation of a wheel at its 
rim than at its hub” [20].

Their main indications are: an important pivot 
shift; an anterior tibial translation superior to 
10mm (particularly on the lateral compartment); 
patients with generalized hyper-laxity; revision 
ACL surgery, particularly with medial 
meniscal injury.

The combined reconstructions can be 
performed with two grafts in continuation, or 
with previous anterolateral tenodesis associated 
to ACL reconstruction. Various techniques are 
used, with different type of graft and different 
graft positioning. The graft femoral insertion 
and graft course affect length change pattern 
during knee flexion, and thus the reconstruction 
quality. Kittl and Amis observed that a graft 
attached proximal to the LFE and which passes 
deep to the FCL will provide desirable graft 
behavior, without excessive tightening or 
slackening during knee motion [21].

KJT technique [22, 23]

Neyret has described since 1996 an intra-
articular reconstruction by a bone-patellar 
tendon-bone graft, in continuation with 
hamstring graft to reproduce ALL (fig. 6). The 
gracilis is harvested and threaded through a 
drill hole in tibial bone block. The femoral 
tunnel is created posterior and proximal to the 
FCL insertion. The patella tendon graft is 
passed from proximal to distal, locking the 
gracilis tendon in the femoral tunnel with the 
press-fit of the bony block. The free limbs are 
then passed deep to the FCL and through either 
end of a bony tunnel through Gerdy’s tubercle 
and sutured to one another. An interference 
screw is used to secure the graft in the tibial 
tunnel. After tensioning and cycling, the intra 
then extra-articular graft are fixed at 30° of 
flexion and neutral external rotation of the knee.
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A variation of this procedure has been 
developed. A band of fascia lata (10cm by 
10mm) is harvested and left attached on Gerdy’s 
tubercle. This graft is passed underneath the 
FCL, then in femoral tunnel with the bone 
block of patellar tendon of intra-articular 
reconstruction. The fascia lata graft is tensioned 
at 30° of flexion in neutral external rotation of 
the knee while the wedge shaped patellar bone 
block is impacted into the femoral tunnel.

Marcacci technique [24]

In this procedure, the gracilis and the semi 
tendinosus tendons are harvested and sutured to 

one another. They are left attached on the tibia, 
and are passed through the tibial tunnel of ACL 
reconstruction, then through the “over the top” 
of the lateral femoral condyle. At the exit of the 
femoral tunnel, they passed under the ITB but 
superficial to the FCL, and then are fixed on 
Gerdy’s tubercle by two staples at 90° of flexion.

“Anatomic” anterolateral ligament 
reconstructions

Currently other surgical techniques called 
“anatomic” have been described. Their aim is 
to reproduce the insertion sites of the more 
superficial ALL, described by Kennedy [8]. 
They are recent and few results are reported.

The Smith technique [25] consists of an “all 
inside” ACL reconstruction with the 
semitendinosus tendon, associated with an 
independent extra-articular reconstruction with 
the gracilis tendon. Two bone tunnels are 
drilled: the first just anterior and superior to the 
FCL femoral insertion and the second halfway 
between Gerdy’s tubercle and the fibular head. 
The gracilis tendon is fixed into the femoral 
tunnel with threaded knotless anchor, and then 
it is passed under the ITB and is fixed into tibial 
tunnel with anchor.

CONCLUSION

Various techniques are performed to control 
rotational stability with ACL deficient. They 
are based on different principles: anterolateral 
extra-articular augmentation or anatomic ALL 
reconstruction. The different studies reported 
satisfying results for the combined extra and 
intra-articular reconstructions. However few 
studies compared the various extra-articular 
procedures. The “anatomic” reconstructions 
are recent and should be evaluated at long term. 
The mechanical properties and the function of 
this superficial ALL are still poorly understood 
and need more investigations.

Fig. 6: Per operative view (a) and line drawing (b) of 
a right knee showing the KJT procedure, described 
by Neyret. From Magnussen and al. [23]. LCL, lateral 
collateral ligament; ITB, iliotibial band; GT, Gerdy’s tubercle; 
white arrow: tibial bone block; black arrows, two limbs of 
gracilis tendon.

a

b
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INTRODUCTION

Rotational control of the knee is one of the 
main objectives of anterior cruciate ligament 
reconstruction. The insufficient control in this 
area by isolated intra-articular ACL 
reconstruction has renewed interest for the 
anterolateral compartment of the knee, leading, 
one century after P. Segond [10], to the 
description of the anterolateral ligament (ALL) 
[2]. The interest for this ligament has been 
highlighted in several articles regarding its 
anatomy, its arthroscopic description, and its 
radiological aspect. Nonetheless, its existence 
[8], its precise anatomy and its possible 
involvement in rotational control and stability 
of the knee continue to be debated.

The purpose of this article is to specify the 
anatomic description of the ALL based on 
recent published studies.

DISSECTION

The dissection technique is a key point of the 
anatomic analysis of the ALL: inappropriate 
dissection can potentially alter interpretation of 
the anatomical characteristics from these 
anterolateral structures and consequently their 
biomechanical characteristics.

For this dissection, we recommended the 
following stages inspired by the works of 
S. Claes [2], M. Daggett [3] and a previous 
study [7].

After removal of a rectangular flap of skin and 
subcutaneous adipose tissue, the extensor 
apparatus, the lateral patellar retinaculum, the 
superficial layer of the iliotibial tract (ITB), the 
distal part of the femoral biceps, and the head 
of the fibula are exposed (fig. 1). 

ITB is then resected transversally 6cm 
proximally from the lateral epicondyle and 
pulled back distally by cutting anteriorly the 
lateral retinaculum and posteriorly the deep 

ANATOMY OF THE 
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Fig 1: Antero-lateral knee exposure (right knee)
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iliotibial tract layer (Kaplan’s fibers) attached 
to the lateral intermuscular septum.

Once the ITB is reflected, an internal rotational 
force is applied between 30 and 60° of flexion 
of the knee to tighten the ALL as well as the 
antero-lateral capsule (fig. 2a). This internal 
rotation is absolutely essential to identify the 
ALL: in neutral rotation, its relief can disappear 
within the capsular thickness (fig. 2b). Once 
this area is exposed, isolation of the lateral 
collateral ligament (LCL) and the popliteus 
tendon is carried out. The LCL is isolated by 
applying varus stress and then dissected from 
its distal insertion onto the head of the fibula to 
its femoral insertion onto the lateral femoral 
epicondyle (fig. 3). Care is taken to not incise 
fibers overlapping the ALL.

Evaluation of the ALL physical characteristics 
is then possible: the origin is determined by 
placing tension on its proximal fibers; if 
visualization of this origin is difficult because 
of a confusion between proximal fibers from 
the ALL and the LCL, these 2 structures can be 
cut midbody and separated to see where the 
main body of each structures is attached to the 
lateral epicondyle, as recommended by 
S.  Caterine [1]. Identification of the tibial 
insertion is done by placing tension on its distal 
fibers. Measurement of length, width and 
thickness complete this anatomical evaluation.
During the dissection, connections with 
surrounding structures are also analyzed: ITB, 
lateral meniscus, antero-lateral capsule.

ANATOMICAL 
CHARACTERISTICS (Table 1)

Femoral origin

One of the main conflicting points about the 
anatomy of the ALL concerns its femoral 
insertion. Most of the authors agreed on the 
problems inherent to individualizing this 
insertion because of the many connections with 
the femoral insertion of the LCL and the fibers 
coming from the fascia of the lateral vastus 
muscle. The femoral attachment was initially 
described by Vincent [12], Claes [2], and 
Helito [5] to be anterior and distal to the 
femoral LCL attachment, while Dodds [4], 
Rezansoff [9] and our study [7] described 
posterior and proximal attachments. Caterine 
[1] explained these disparities by the existence 
of anatomical variations and proposed a three-
stage classification according to the differences 
in femoral and tibial insertions.

Fig. 2a: ALL tight in internal rotation (blue pin = 
Gerdy’s tubercle; yellow pin = femoral lateral 
epicondyle, green pin = fibular head, dotted lines = 
anterior and posterior ALL limits).

Fig. 2b: Difficulties to located ALL in neutral rotation 
(blue pin = Gerdy’s tubercle; yellow pin = femoral 
lateral epicondyle, green pin = fibular head).

Fig. 3: ALL (arrow) exposure after LCL (dotted 
arrow) dissection and antero-lateral capsule 
removing.

a

b
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More recent studies [6] among of which one 
specifically centered on the femoral origin 
from the ALL [3], showed a consistent bony 
origin overlapping the LCL, with some 
variability in the femoral attachment, ranging 
from directly on the lateral epicondyle to 
posterior to the lateral epicondyle (fig. 4). The 
area of this proximal attachment is measured 
by Kennedy [6] at 67,7mm².

Tibial insertion

The tibial attachment of the ALL is more 
consensual, approximately midway between 
the center of the Gerdy tubercle and the anterior 
margin of the fibular head (fig. 5), on average 
4,4mm to 11,1mm below the joint line [1, 2, 4, 
5, 6, 7, 12]. The area of distal attachment is 
64,9mm² [6].

Fig. 4: ALL femoral origin (Matt Daggett Arthroscopy 
2015).

Vincent
(2011)

Claes
(2013)

Helito
(2013)

Dodds
(2014)

Kennedy
(2015)

Caterine
(2015)

Lutz
(2015)

Length 
(mm) 34.1 + 3.4 38.5 + 6.1 37.3 ± 4 59 36.8 to 

41.6 40.3 + 6.2 39.1 + 3.4

Proximal 
width (mm) 8.3 ± 2.1 7.4 ± 1.7 4.8 ± 1.4 5.3 ± 1

Distal 
width (mm) 11.2 ± 2.5 11.7 ± 3.2 15.6 ± 2.6

Thickness 
(mm) 2-3 1.3 2.7 1.4

Tibial 
plateau 
distance 
(mm)

5 6.5 ± 1.4 4.4 ± 1.1 11 ± 2 9.5 11.1 ± 2.4 6.4 ± 2.4

Gerdy 
tubercle 
distance

21.6 ± 4 18 ± 3 23.4 ± 3.4 22.1 ± 2.6

Fibula 
head 
distance

23.2 ± 5.7 17 ± 3 23.9 ± 5.5 16 ± 4.7

Insertion/
lateral 
epicondyle

Distal Distal Distal Proximal Proximal 11 distal
8 proximal

2 distal
7 proximal

Table 1: ALL anatomical characteristics
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Quantitative anatomy

Length

The length of the ALL varies from 34,1mm 
(12) to 59mm (4), with more similar values in 
other studies: 37,3mm (5), 38,5mm (2), 
39,1mm (7) and 40,3mm (1). The variations in 
length between these different authors can be 
explained by the problems identifying the 
femoral insertion of this ligament and by the 
knee position, in flexion and rotation, which 
varied from one study to another. 

Kennedy [6], when measuring lengths each 15° 
between 0 and 90° of flexion, found an increase 
from 36,8mm to 41,6mm.

In a previous study [7], we observed a 
significant increase in the ALL length during 
internal rotation at 30° flexion, with a mean of 
10 mm, finding similar results to those reported 
by Dodds [4] (mean lengthening, 9.9mm).

These variations in length during flexion and 
rotation are important to consider for under
standing of ALL function and reconstruction. 

Width

The width of the ALL increases from proximal 
to distal with a mean at the femoral attachment 
of 4,8mm and at the tibial attachment of 

11,7mm for Caterine [1], and respectively 8,3 
and 11,2mm for Claes [2]. Its structure is 
narrow and tubular at the femoral origin and 
wider on the tibia.

Thickness

ALL thickness varies from 1,3 to 2,7mm [1, 2, 
5, 12]. 

Width and thickness indicate that the ALL is a 
flat and broad structure.

Connections

ITB

For Dodds [4] and Claes [2], the ALL is 
separate from the posterior fibers of the ITB, 
specifically from the capsule-osseus layer. 
Caterine [1] described superficial fibers 
originating from the fascia of the lateral 
gastrocnemius tendon insertion, proximal to 
the lateral femoral condyle, overlying the 
proximal portion of the ALL with a unique 
attachment to the posterior portion of Gerdy’s 
tubercle. These superficial fibers running in the 
same orientation as the ALL can be confused 
with the capsule-osseus layer of the ITB band 
and explain why authors consider ALL as a part 
of ITB [11, 12].

Fig. 5: ALL tibial origin (dotted line) (GT = 
Gerdy tubercle, ALL = anterolateral 
ligament, LCL = lateral collateral 
ligament, FH = fibular head).
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Lateral meniscus

Some authors [1, 2, 6] identified connections 
between the ALL and lateral meniscus. For 
Claes [2], this connection occurs at the 
periphery of the middle third of the lateral 
meniscal body and he suggests dividing the 
ALL into a meniscofemoral and a meniscotibial 
band. For Helito [5], this connection is located 
at the peripheral portion of the transition 
between the anterior horn and the meniscus 
body, approximately 19,4mm anterior to the 
popliteus tendon. For Dodds [4], this 
connection is rather due to a capsular thickening 
of fibers, deep to the ALL, that runs from the 
insertion of the popliteus tendon to the 
anterolateral rim of the lateral meniscus an 
does not continue directly down to the tibia.

Antero-lateral capsule

Connections between antero-capsule and the 
ALL remain controversed. For Dodds [4] and 
Vincent [12], ALL is superficial and distinct to 
the capsule as does the description from Claes 
[2] finding that the ALL “was easily 
distinguishable from the thinner joint capsule 
lying anterior to it”.

In our study [7], we found that the ALL was the 
anterior part of a “triangular anterolateral 
capsular complex”. The posterior, vertical, part 
of this complex was made up of capsular fibers 
that inserted onto the LCL, and the base, distal, 
comprised the insertion of the capsule on the 

tibia. In this triangle, during internal rotation, 
not only was the ALL tensed, but all the 
capsular fibers between the LCL and the ALL.
The existence of an anatomical region including 
the LCL and the ALL was also proposed by 
Claes [2] using the term “lateral collateral 
ligament complex (LCLC)”. 

CONCLUSION

A rigorous and precise dissection is a 
fundamental stage for identifying the 
anterolateral ligament. This dissection should 
include dynamic movements, specifically 
internal rotation, to precise origin, insertion 
and direction from this ligament.

Even if controversies remain, the principal 
anatomical characteristics of the ALL are: 
-	a femoral origin near the lateral femoral 

epicondyle, mostly proximal and posterior, 
an anterior and distal direction and a tibial 
attachment midway between the Gerdy 
tubercle and the fibular head, 5 to 10mm 
distal to the joint line;

-	a mean length of 40mm that increases during 
flexion and internal rotation;

-	a  narrow and tubular structure at the femoral 
origin (5mm) and wider on the tibia (>10mm);

-	connections are established with the lateral 
meniscus but discussed for ITB and antero-
lateral capsule.

An accurate knowledge of ALL anatomy is 
essential to understand its function and propose 
antero-lateral reconstructions.
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INTRODUCTION

With the advent of recent reports, there has 
been a renewed interest in extra-articular 
reconstruction combined with reconstruction 
of the anterior cruciate ligament (ACL) in 
order to obtain better rotational control. The 
quest for improved rotational control after ACL 
reconstruction has continued to evolve. 
Evidence of residual rotational instability after 
a single-bundle ACL reconstruction, confirmed 
by a positive pivot-shift led to the development 
of a more anatomic graft placement in addition 
to other surgical techniques. Double-bundle 
ACL reconstruction emerged as an attempt to 
further improve rotational control after ACL 
reconstruction, however current data has failed 
to prove its superiority to date.

Historically, extra-articular lateral tenodesis in 
concurrence with ACL reconstruction has been 
attempted to improve rotational control of the 
tibia with disappointing results. However, 
recent insights into the anatomical and 
isometric characteristics of the ALL have 
provided a more complete understanding of 
this important structure.

The ALL has been placed under the scientific 
microscope to closely examine its associated 
biomechanics which range from native 
structural properties to native and reconstructed 

kinematics. These studies focus in on the ALL, 
while not losing sight of surrounding lateral 
structures and the ACL. The reason for this 
close examination stems from the common 
goal of utilizing an ALL reconstruction in the 
setting of an ACL deficiency which thereby 
may eliminate residual rotational knee laxity 
and reduce the risk of ACL graft rupture in 
select patients. These patients may include 
ACL revision cases, the clinical presentation of 
joint hyperlaxity, and those with either high-
demand for pivoting sports and/or presenting 
with a high grade pivot-shift diagnosis. Due to 
all of these recent studies, a consensus is now 
defined on what the ALL is and what role it 
plays in overall lateral knee stability. 
Furthermore, this information has provided the 
foundation to build effective and reproducible 
ALL reconstructions in combination with the 
treatment of a torn ACL.

STRUCTURAL PROPERTIES 
AND INVOLVEMENT IN 
ROTATIONAL CONTROL        
OF THE KNEE

Structural property tensile testing of the 
isolated ALL utilizing similar specimen setup 
and crosshead speed (20mm/min) has produces 
mean ultimate load values of 189 Newtons (N) 
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and stiffness of 31 N/mm, when averaging the 
values of all 29 unpaired specimens [1,2]. This 
structural data provides the rationale to select 
the appropriate autografts in conjunction with 
adequate fixation methods for reconstruction of 
the ALL.

In vitro robotic assessments of the ALL in the 
setting of an ACL injury have defined the ALL 
as a significant lateral knee stabilizer [3]. 
Specifically, as a secondary stabilizer during 
internal rotation torque and simulated pivot-shift 
test in the ACL-deficient state.

These results were further confirmed by other 
investigators utilizing a surgical navigation 
system [4]. Twelve fresh-frozen cadaveric 
knees were tested in internal rotation at 20° and 
90° of flexion and then subsequently tested 
using a simulated pivot-shift test consisting of 
coupled axial rotation at 30° of flexion. Serial 
sectioning of the ACL, ALL, and ITB was 
performed. On the contralateral knee, 
sectioning was performed in the reverse order. 
Measurements were collected using a surgical 
navigation system before and after each 
sectioning. This study demonstrated that the 
ALL is involved in rotational control of the 
knee at varying degrees of knee flexion and 
during a simulated pivot shift. Concomitant to 
an ACL or ITB transection, sectioning the ALL 
further increased rotational laxity.

Within the discussion of these two papers, it 
became clear that a reconstruction of the 
ALL in conjunction with a torn ACL should 
be met with critical data, as the significant 
biomechanical importance lends itself to the 
need for sufficient and reproducible surgical 
techniques. Key points in this surgical 
treatment would involve techniques that 
provide stability without overconstraint while 
maintaining a minimally invasive, yet 
reproducible, surgical approach for this 
secondary stabilizer.

ISOMETRIC BEHAVIOR

Recently, anatomical and functional charac
teristics of the ALL have been reported 

demonstrating a structure that originates near 
the lateral epicondyle on the femur and inserts 
broadly in a fan-like attachment on the tibia 
between Gerdy tubercle and the fibular head.

The purpose of the study published by Imbert 
[5] was to measure the variations in length 
during flexion and internal tibial rotation of the 
3 different femoral insertions of the ALL 
(proximal-posterior; lateral epicondyle; distal-
anterior) while maintaining a fixed tibia 
insertion (fig. 1). His hypothesis was that the 
different femoral insertions will exhibit 
different variations in length throughout the 
range of motion (ROM) of the knee. This study 
shows varying behavior of the ALL dependent 
on the 3 different anatomic femoral described 
insertions. The proximal and posterior to 
epicondyle femoral position is the only position 
with a favorable isometry. The presumed 
function of the ALL is to prevent excessive 
tibial internal rotation near full extension of the 
knee as evidenced here at IR20. To assume this 
function, the ALL should be maximally 
tensioned at IR20. It should also not restrain 
knee ROM, figured here by evaluating the 
isometry from 0 to 120 of knee flexion as well 
as at IR90, during which it should stay relaxed. 
To answer these requirements, the distance 
between the couple of points during knee 
motion from full extension to 120 flexion and 
IR90 should not exceed the maximal distance 
at IR20. The proximal-posterior femoral 
location was the only position to reveal a 
decrease in length during knee flexion. This 
relaxation when knee going to flexion is 
appropriate to allow maximal ALL tensioning 
at IR20 without restraining the tibial internal 
rotation at 90. For rotation, a similar internal 
rotation at 20 was observed as in the other 
femoral positions, but at 90 the internal rotation 
was significantly increased as a result of the 
relaxation during flexion. Both the epicondyle 
and distal-anterior femoral locations resulted in 
significant length increases with knee flexion. 
Additionally, there were length increases noted 
in the distal femoral insertion with internal 
rotation forces at both 20 and 90. With 
increasing degrees of knee flexion in the intact 
knee, the internal tibial rotation also increases. 
This suggests that the internal rotation restraint 
of the knee should relax through knee flexion. 



BIOMECHANICS OF THE ANTEROLATERAL LIGAMENT

29

Ideally an ALL reconstruction should follow 
this behavior to control internal tibial rotation 
around 20 of flexion without limitation of 
ROM during flexion and internal tibial rotation 
at 90. Our results show that this can be achieved 
only with the proximal-posterior femoral 
location. A graft positioned at the epicondyle 
femoral position will slightly tighten in flexion 
and can potentially overconstrain the knee in 
internal rotation at 90 of flexion. The anterior-
distal femoral location should be avoid ed 
because of the risk of flexion limitation and 
overconstraint of the knee with internal rotation 

at 90 of flexion. To avoid these limitations, the 
ALL could be fixed at 90 of flexion, but this 
would subsequently ind uce a slack graft in 
extension and be inefficient in restraining 
internal tibial rotation.

The study of Imbert showed that the ALL did 
not show an isometric behavior at any of the 
femoral insertion locations but had different 
length change patterns during knee flexion and 
internal tibial rotation. The proximal and 
posterior to epicondyle femoral position is the 
only position with a favorable isometry, as 

Fig. 1: Cadaveric view of the lateral aspect of the right knee figuring metallic pins on the femoral 
and tibial benchmarks, (b) schematic of the 3 couples paired points in red, corresponding to the 
different ALL anatomic descriptions, and (c) screen view of the sample from the navigation system 
during isometry measurements.
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shown by being tight in extension and in 
internal rotation at 20 and then relaxed with the 
knee going to flexion at 120 and during internal 
rotation at 90. Previous work exploring extra-
articular lateral tenodesis highlights the 
importance of an isometric, anatomic 
reconstruction to avoid complications such as 
postoperative stiffness, excessive constraint of 
internal tibial rotation, and alteration of 
kinematics. Maximizing ROM while providing 
a competent ALL reconstruction is crucial for 
post-operative success.

This was scientifically tested in part two of the 
in vitro robotic assessment with special 
attention to a combined reconstruction of the 
ALL and ACL [6]. In this study, the ALL 
reconstruction was able to further reduce the 
knee laxity when tested in conjunction with an 
ACL reconstruction. A primary finding was 
that during a simulated pivot-shift test, a 

significant reduction in internal rotation at 30°, 
45°, and 60° of knee flexion was noted for the 
ACL reconstruction in conjunction with an 
ALL reconstruction. This was statistically 
significant when compared to the ACL 
reconstruction with deficient ALL testing state.

CONCLUSION

The future of biomechanical testing should 
include previously validated methodology, 
adequate sample size, and clinically 
translational study groups. Biomechanical 
optimization of surgical techniques can only go 
a certain extent to impact patient outcomes due 
to the primary limitation of time-zero study 
design. Therefore, proposed techniques should 
be objectively monitored in clinical cohort 
studies to examine the positive effects that 
have arisen from their biomechanical data.
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INTRODUCTION

Injury to the anterior cruciate ligament (ACL) 
is common, and affects a predominantly young 
and active population. Isolated intra-articular 
reconstruction, the accepted standard of 
operative treatment, may fail to restore 
rotational stability to the joint [1, 2]. Residual 
rotational laxity, which may manifest as the 
pivot shift, is associated with inferior subjective 
outcomes [3, 4].

Recent interest in the anterolateral ligament 
has refocused attention on the secondary 
restraints to rotation, and the role these 
structures may play in both the spectrum of 
observed instability and residual laxity after 
intra-articular reconstruction. In addition to the 
ACL, the anterolateral ligament (ALL) [5], 
iliotibial band (ITB) [6], the lateral meniscus 
[7, 8] and medial meniscotibial ligament [9] 
have all been shown to restrain internal rotation 
at the knee.

THE ANTEROLATERAL 
LIGAMENT

Anatomical and radiological studies over the 
past 40 years have described structures 
connecting the lateral femoral condyle, the 

lateral meniscus, and the lateral tibial plateau 
on the anterolateral aspect of the knee [10-17]. 
These structures have been described as 
capsular thickenings, components of the ilio
tibial tract, or ligaments in their own right, and 
have been variously referred to as the “middle 
one third of the lateral capsular ligament” or 
simply the “lateral capsular ligament” [10], the 
“anterolateral femoro-tibial ligament” [12], the 
“capsulo-osseous layer of the iliotibial tract” 
[13], the “retrograde tract fibres” [18], the 
“anterior oblique band” [15], and the “lateral 
femorotibial ligament” [16]. This non-
standardized nomenclature, coupled with 
vague anatomical descriptions, has contributed 
to ongoing confusion regarding the anatomy of 
the anterolateral knee.

In 2013, Claes and colleagues published their 
description of the anterolateral ligament [19]. 
They described an extra-capsular structure, 
originating just anterior to the lateral collateral 
ligament (LCL), posterior and proximal to the 
popliteus tendon insertion, and inserting onto 
the proximal tibia midway between Gerdy’s 
tubercle and the fibula head. The structure had 
a strong connection to the body of the lateral 
meniscus, but lacked attachments to the ITB, 
and was identified in 40 of 41 specimens.

Since this time, a number of authors have 
furthered our understanding of this structure, 
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with anatomical and histological studies [20-
24], and descriptions of radiographic landmarks 
[25, 26]. While the tibial insertion appears 
relatively constant in these descriptions, 
variation has been reported in the femoral 
attachment. Some authors have described this 
origin as being proximal and posterior to the 
LCL [22-24], while others have described an 
anterior and distal origin [19, 20]. Caterine 
identified both variants, and also identified a 
peripheral nervous innervation, suggesting a 
role in proprioception [21].

Kennedy investigated the biomechanical 
properties and failure mechanisms of the ALL, 
finding a mean maximum load of 175 N and 
stiffness of 20 N/mm [23]. In 12 specimens, 
four mechanisms of failure were identified; 
ligamentous tear at the femoral attachment in 
four specimens, at the tibial insertion in one, in 
the mid substance in four, and by a bony 
avulsion (Ségond fracture) in six, although it 
should be noted that the line of pull in these 
experiments was non-physiologic. Dodds 
determined the ligament to be isometric from 
0-60° of flexion, and to lengthen with internal 
tibial rotation, suggesting a role in internal 
rotational control [22]. Kittl studied the 
isometry of the native anterolateral structures 
as well as potential points for the fixation of an 
extra-articular reconstructions [27]. He found 
an ALL with an origin posterior and proximal 
to the LCL to be relatively isometric, whilst an 
ALL with a distal and anterior origin was lax 
approaching extension and unlikely to be 
effective in controlling the pivot shift.

A number of authors have now investigated the 
role of the ALL in rotational control of the 
knee, with conflicting results. Lording and 
Branch performed a cadaveric experiment 
investigating the effect of cutting the ALL and 
ITB at 30° of flexion [28]. They used a custom 
robot replicating the clinical internal/external 
rotation or dial test, while tracking the free 
floating tibia in six degrees of freedom [29, 
30]. They found division of the ALL in the 
ACL intact knee increased internal rotation at 
30° of knee flexion by 2.4° (fig. 1). However, 

there was wide variation in the effect of ALL 
sectioning between specimens, which in one 
specimen was not significant but in another 
caused an increase in internal rotation 
approaching 40% (fig. 2). Sonnery-Cottet, in a 
navigation based study, demonstrated increased 
internal rotation after division of the ALL in the 
ACL deficient knee at 20° and 90°, as well as 
increased coupled axial rotation during the 
pivot shift [31]. Again using navigation, 
Spencer demonstrated an increase in internal 
rotation during a simulated early stage pivot 
shift after division of the ALL in an ACL 
deficient knee [32]. Parsons, using a six degree 
of freedom robotic system, found the ALL to 
be the primary restraint to internal rotation at 
knee flexion angles greater than 35°, with the 
ACL providing the greatest restraint closer to 
extension [5]. Of note, the ITB was removed 
from all specimens in this study prior to testing. 
Consistent with this finding, Lording and 
Getgood, in a navigation based study with 
manually applied forces, found the ALL to play 
a significant role in internal rotational control 
only at knee flexion angles greater than 30° 
[33] (fig. 3).

Fig. 1: Effect of cutting the ALL on tibial rotation. 
Ext rot, External rotation; Int Rot, Internal rotation.
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In contrast, Kittl found the ALL played no 
significant role in rotational control [6]. In a 
robotic experiment similar to that of Parsons, 
using a six degree of freedom system, he 
determined the superficial and deep components 
of the ITB to be the primary restraints to 

internal rotation from 30-90°, with the ACL 
having a significant contribution at 0° only. Al 
Saiegh found no increase in internal rotation 
after division of the ALL in a navigation based 
study, although the ALL was identified in only 
six of 14 specimens in this study [34].

Fig. 2: Variation in impact of ALL sectioning on rotation between specimens, with little effect in cadaver 2 
(a) and large effect in cadaver 5 (b). Ext rot, External rotation; Int Rot, Internal rotation. a) Extension, b) 45°.

Fig. 3: Internal rotation in extension (a) and at 45° of flexion (b). In extension loss of the lateral meniscal 
posterior root causes a significant increase in internal rotation, while at 45° loss of the ALL is more 
important. ACL-, ACL deficient state; M-/ALL+, Meniscal root sectioned with ALL intact; M+/ALL-, Meniscal 
root intact, ALL sectioned; M-/ALL-, both meniscal root and ALL sectioned.

a

a b

b
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THE ILIOTIBIAL BAND

The idea that the iliotibial band contributes 
to rotational control of the knee is not new. 
In fact, the term “anterolateral ligament” 
was probably first used by Kaplan in his 
1958 morphological study of the iliotibial tract 
[35], and was subsequently used by Terry in 
1986 to describe the function of the deep and 
capsulo-osseous layers thereof [13]. In 1979, 
Fetto was able to induce a pivot shift in an ACL 
intact knee after division of the ITB [36]. Jakob 
noted increased internal rotation but a para
doxical decrease in the pivot shift after release 
of the ITB from its distal femoral attachment, 
reflecting the complex and multifactorial 
nature of the pivot shift phenomenon [37]. 
When he released the ITB distally by osteotomy 
of Gerdy’s tubercle, rotational subluxation 
during the pivot shift manoeuver became so 
marked in the ACL deficient knee that reduction 
did not occur before 60° of flexion.

Anatomically, the insertion of the ITB onto the 
lateral distal femur, known as Kaplan’s fibres, 
has been shown to be a true tendon enthesis 
[38]. This could be considered to divide the ITB 
into a proximal, tendinous part, and a distal, 
ligamentous part that could contribute to the 
control of internal rotation. Terry’s anatomical 
study describes the capsulo-osseous layer as 
inserting behind Gerdy’s tubercle and identifies 
it as the “fibrous pearly band” attached to 
Ségond’s eponymous fracture [13, 39].

A number of recent biomechanical studies 
support a role for the ITB in the control of 
internal rotation. Gadikota, in a robotic study 
investigating the effect of increasing ITB load, 
found that internal rotation was significantly 
reduced between 20° and 30° of knee flexion 
with an ITB load of 50 N, and from 15° to 30° 
with a load of 100 N, suggesting a dynamic 
function [40]. Lording et al measured an 
increase in internal rotation of 2.6° in the ACL 
intact knee at 30° after division of the ITB at 
Gerdy’s tubercle [28] (fig. 4). This increase 
was similar in magnitude to that noted after 
division of the ALL (2.4°) but with less 
variability between specimens. Butler 
investigated the impact of ITB division and 

tenodesis after single- and double-bundle ACL 
reconstructions in cadaveric knees using a 
navigation system [41]. The deep layers of the 
ITB were released from the femur. Under a 
coupled anterior translational force and internal 
rotational torque at 30° of knee flexion, internal 
rotation increased by 3.9° in the single-bundle 
group and by 2.9° in the double-bundle group. 
Under pure rotational torque, internal rotation 
increased in the single-bundle group at 30° of 
flexion by 4.4° and in the double-bundle group 
at 90° of flexion by 3.4°. ITB tenodesis using 
the superficial ITB reduced internal rotation 
compared to the reconstructed knee in all tests. 
Kittl found the superficial and deep layers of 
the ITB to be the most important stabilizers of 
internal rotation, with the superficial layer 
more important at deeper flexion angles and the 
deep layer especially important in extension 
and at 30° of flexion in the ACL deficient knee 
[6]. In his study, the superficial and deep layers 
of the ITB were also the primary restraints to 
the pivot shift. In Sonnery-Cottet’s study, 
division of the ITB in the ACL intact knee 
caused a significant increase in internal rotation 
at 20° of flexion and of coupled axial rotation 
during the pivot shift [31]. Sectioning of the 
ITB after the ACL and ALL also caused 
increased internal rotation at 20°, 90° and 
during the pivot shift.

Fig. 4: Sequential cutting of the ITB and ALL 
increased internal rotation by 2.6° and 3.4°.
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There is evidence of ITB injury occurring with 
ACL injury and contributing to the spectrum of 
instability seen. At operation, Terry found that 
injury to the deep and capsulo-osseous layers 
occurred in 84 and 71% of ACL ruptures 
respectively, and that injury to these structures 
correlated with the pivot shift findings [42]. 
The majority of these injuries occurred at the 
femoral insertion.

THE MENISCI

The role of the medial meniscus as a secondary 
stabilizer to anterior translation is well 
documented [43, 44]. Much less has been 
published regarding the role of the menisci in 
controlling rotation.

Musahl examined the effect of medial and 
lateral meniscectomy in the ACL deficient knee 
using navigation and a mechanized pivot 
shifter [7]. Medial meniscectomy significantly 
increased anterior tibial translation during the 
Lachman test, but did not increase lateral 
compartment translation during the pivot shift. 
Lateral meniscectomy, on the other hand, 
caused a significant increase in lateral 
compartment translation during the pivot shift 
but had no effect on the Lachman examination. 
Petrigliano reported increased rotational 
instability after uni- and bi-compartmental 
meniscectomy, although they did not 
differentiate in their report which compartment 
was meniscectomized first [45].

Shybut investigated the impact of tears of the 
posterior root of the lateral meniscus on 
stability in the ACL deficient knee [8]. Using 
an infrared motion analysis system, loss of the 
meniscal root was shown to increase lateral 
compartment translation during the pivot shift. 
Lording and Getgood examined the role of the 
ALL and posterior lateral meniscal root on 
internal rotation in the ACL deficient knee [33]. 
Loss of the meniscal root significantly 
increased internal rotation in extension and at 
knee flexion angles under 30°, while the ALL 
significantly controlled rotation only at higher 
degrees of flexion (fig. 3).

Some medial meniscal lesions may also play a 
role in rotational instability. Peltier investigated 
the effect of very peripheral medial medial 
meniscal tears, termed “ramp” lesions [9]. He 
found increased anterior translation after 
creation of a ramp lesion in the ACL deficient 
knee, but also increased internal rotation after 
division of the meniscotibial ligament of the 
posterior horn. It seems likely that this 
measured internal rotation represents 
posteromedial rotation, and the relevance of 
this finding to clinical instability in the ACL 
deficient knee is unclear.

DISCUSSION

The anterolateral ligament, iliotibial band and 
lateral meniscus all contribute to the restraint 
of anterolateral rotatory instability at the knee. 
Considered together, these structures could be 
considered to constitute the “anterolateral 
corner” of the knee. As outlined above, 
biomechanical studies suggest the contribution 
of these structures is dependent on knee flexion 
angle, with the lateral meniscus being more 
important near extension and the anterolateral 
ligament exerting greater control at deeper 
flexion angles above 30°.

The indications for surgical management for 
the anterolateral extra-articular structures are 
yet to be fully determined. The results of intra-
articular reconstruction are satisfactory for the 
majority of patients, and as such extra-articular 
reconstruction should be reserved for those 
most likely to benefit from the additional 
intervention. This may include those at higher 
risk of failure, such as younger patients [46] 
and those returning to pivoting sports [47], and 
those undergoing revision procedures. 
Excessive tibial rotation in the non-injured 
knee is a risk factor for both ACL injury and 
poor outcomes after ACL surgery [48, 49], and 
may also be an indication for an extra-articular 
procedure.

The degree of clinical laxity has also been 
proposed as an indication; however, it seems 
likely that the severity of this laxity reflects 
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injury to the secondary stabilizers. Advances in 
imaging technology and technique may allow 
for accurate diagnosis of and targeted treatment 
for these injuries. LaPrade reported 95% 
accuracy in diagnosing injury to the 
meniscotibial portion of the mid-third lateral 
capsular ligament using magnetic resonance 
imaging (MRI) [14], while Claes has also 
identified a high rate of ALL abnormalities in 
association with ACL injury [50]. In a recent 
case series of 90 knees with ACL injury shown 
on MRI, 41% were noted to have an abnormality 
of the ALL [51]. Of those knees with an intact 
ALL, 31% were observed to have a lateral 
meniscus tear. In contrast, 61% of knees with 
an ALL injury had a lateral meniscus tear. 
Mansour retrospectively reviewed 200 MRI 
scans and found a significant correlation 
between ACL and ITB injury [52]. The site of 
ITB injury, however, was not reported.

The ideal lateral extra-articular procedure is 
also unclear. ALL reconstruction is an attractive 
option, due to its anatomical nature. However, 
recent biomechanical studies suggest the native 
ALL is important only at deeper flexion angles, 
and as such anatomical ALL reconstruction 
may not control the pivot shift. This suggestion 
is supported by the study of Spencer, who 
found anatomical ALL reconstruction did not 
restore internal rotational control in a simulated 
early phase pivot shift [32]. More traditional 
ITB based reconstructions, such as the Lemaire 
procedure, may be superior in terms of 
functional rotational control.

Tears involving the posterior root of the 
lateral meniscus have been reported in up to 
12% of ACL injured knees [53]. Injuries to 
the meniscal roots have biomechanical 
consequences similar to total meniscectomy 
[54, 55], and may lead to meniscal extrusion 
and progressive chondral degeneration [56-
58]. These effects may be mitigated to a degree 

in the lateral compartment by the presence of 
intact meniscofemoral ligaments [59-61]. 
Biomechanical studies of transosseous repair 
techniques for lateral root tears generally show 
a reduction in contact pressures to near normal 
levels compared to the injured state [61-63]. 
Clinical studies show encouraging results. 
Anderson reported the mid-term results of 
eight radial root tear suture repairs and 
16  posterior horn reattachments performed 
through the tibial ACL tunnel [64]. 22 of 
24 repairs functioned successfully, with better 
subjective results in the transosseous repair 
group. Ahn reported second look arthroscopic 
results for eight patients treated with either 
side-to-side or transosseous techniques, with 
almost complete healing noted in all cases at a 
mean of 18 months [65].

We recommend careful inspection of the lateral 
meniscal root for injury during ACL re
construction, and repair of these lesions where 
possible. Such a repair has two potential 
benefits; improved rotational control, and long 
term maintenance of the chondroprotective 
function of the meniscus.

CONCLUSION

The anterolateral ligament, iliotibial band and 
lateral meniscus all contribute to the restraint of 
anterolateral rotatory instability at the knee, and 
together can be considered to constitute the 
“anterolateral corner” of the knee. Injury to these 
secondary stabilizers contribute to the spectrum 
of instability seen with ACL injury, and surgery 
should aim to address these lesions where 
possible. The indications and ideal technique for 
anterolateral extra-articular procedures are yet to 
be determined. Repair of lateral meniscal root 
injuries has potential benefits for both knee 
stability and chondral protection, and should be 
undertaken where possible.
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We now know that the Segond fracture is an 
injury of the anterolateral ligament (ALL).
 
This small image of an avulsion involving the 
lateral aspect of the tibial plateau is visible on 
the AP view of the knee X-ray.

Pathognomonic for an anterior cruciate 
ligament (ACL) tear, it is therefore an avulsion 
of the ALL’s distal enthesis (fig. 1).

Seven teams have studied MR imaging of the 
ALL since 2014 [1].

The ALL is certainly visible with MRI but the 
diagnostic capabilities vary depending on the 
different portions identified.

Some of these studies use 2D acquisition 
protocols with a 3 to 4 mm section thickness. It 
appears to be difficult to study a thin structure 
of under 2 mm with sections of this thickness 
and it is therefore logical to assume that certain 
poor results are due to the acquisition protocols.

The ligament appears as a physiological 
hyposignal. It is relatively relaxed on the MRI, 
which is performed with the knee bent at 20° to 
30° with a distal tibial enthesis curved on 
coronal sections.

It is also possible to see the ALL’s meniscal 
attachments, whose morphology varies.

For greater precision and efficacy, ideally 3D 
1mm-section sequences should be taken. They 
are available on all new 3 Tesla MRIs and on 
the latest generation 1.5 Tesla MRIs. With 
these sequences, the MPR mode can be used to 
study the ALL much more precisely.

In routine practice, we use T2-weighted 3D 
sequences without a fat suppression technique. 
The ligament is clearly visible as a physiological 
hyposignal relative to its surroundings. The 
lateral inferior genicular artery is clearly 

ANTEROLATERAL 
LIGAMENT IMAGING
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Fig. 1: AP view of knee X-ray. Segond fracture 
(arrow).
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visible, in contact with the wall of the lateral 
meniscus and the meniscal ligament expansions 
can be studied [2, 3] (fig. 2).

Several projects are underway to study the 
ALL in cases of ACL injury. Helito has shown 
an injury in 30% of cases but these injuries are 
predominantly proximal [4].

To date, two ultrasonography studies have 
described the ALL [5, 6]. Mary Faruch et al.’s 
study correlated ultrasonographic data and cada
veric dissections. A recent Japanese study using 
real time virtual sonography showed that the 
ligament was identified in 100% of cases [7].

In our experience [8] it is possible to explore 
the ALL by ultrasound using high frequency 
waves.

We study the ligament in a resting position with 
the knee bent at 20° and we perform dynamic 
flexion and double rotation maneuvers to tense 
it in an internal knee rotation.

In a resting position, we clearly see this small, 
relaxed, curved fibrillar structure that crosses 
the lateral inferior genicular artery (LIGA), 
located deeper, in contact with the lateral 
meniscal wall. Above, we can see the thin 
ligament that crosses the surface of the LCL. 
Its femoral enthesis is more difficult to 
distinguish due to a large insertion very close 
to that of the LCL (fig. 3).

The dynamic maneuvers make the ligament 
tense by flexion and internal rotation, with the 
ligament approaching the lateral aspect of the 
tibial plateau and straightening (fig. 4). 

Fig. 2: MRI of the ALL. 3D 1 mm-section MRIs, T2-weighted images. Axial and coronal multiplanar 
reconstructions. ALL: anterolateral ligament, ITB: iliotibial band, LCL: lateral collateral ligament, BFT: 
biceps femoris tendon.
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Thus, it is possible to look for a stretched and/
or torn ALL using ultrasound.

When an ALL injury is identified using MRI, 
today we routinely conduct further explorations 
using dynamic ultrasound (fig. 5, 6).

Fig. 3: Ultrasound of the ALL. Study with a high frequency 12 MHz superficial transducer. Normal 
appearance in resting position in a longitudinal section. The ligament is thicker at its femoral enthesis 
(large arrow) and thinner at its tibial enthesis (small arrow). It crosses the lateral inferior genicular artery 
(dotted circle). 

Fig. 4: Ultrasound of the ALL. Study of the ligament (arrows) with a very high frequency 15 MHz superficial 
transducer. Ligament in resting position (figure a), relaxed at its tibial enthesis. Dynamic flexion and internal 
rotation maneuver (figure b) making the ligament tense so that it straightens.

a

b
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Fig. 5: Example of ALL tear by distal avulsion (arrow). The standard radiography 
shows a Segond fracture. The 3D T2-weighted MRI and ultrasound show the 
pathological thickening of the ALL and its bony avulsion at the distal enthesis. Note 
the anterior cruciate ligament tear on the MRI (asterisk). Thanks to Marie Faruch.

Fig. 6: Example of an ALL tear without any bone injury. Severe damage to the ALL 
under MRI and ultrasound without any bone injury. The ligament is completely 
infiltrated and thickened under MRI with a clearly visible pathological hypersignal on 
the sections using a fat suppression technique. Associated anterior cruciate 
ligament tear (asterisk). Comparative ultrasound sections clearly show the hypoechoic 
ligament, which is thickened and distended on the injured side (arrows).
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CONCLUSION

The ALL is visible using MRI and 3D 
acquisition protocols are necessary.

The ALL can also be studied using ultrasound, 
which has both the advantage of being a 
comparative examination and enabling 
dynamic maneuvers.
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INTRODUCTION

The 2013 publication by Steven Claes [1] in 
the Journal of Anatomy about the knee’s 
anterolateral ligament (ALL) generated 
significant media attention related to the 
discovery of a “new knee ligament”. Since 
then, more than 85 anatomical and 
biomechanical studies on this anatomical 
structure have been published. These described 
the ALL’s anatomy in detail and more 
importantly, established its role in knee 
kinematics.

Despite this large research effort, there is still a 
great deal of controversy surrounding the ALL. 
Some authors feel this anatomical structure 
does not exist [2] nor contribute to knee 
stability [3]. But other studies have identified 
the ALL in all dissected knees [4-6]. It was 
described as having ligament-like properties 
[7, 8], and being involved in rotational control 
of the knee [9, 10].

The main questions for surgeons in 2016 are 
whether the ALL is truly a ligament structure, 

if it actually has a role in controlling knee 
rotation and above all, if it needs to be repaired 
during anterior cruciate ligament (ACL) 
reconstruction.

HISTORY

This structure was first described in 1879 by a 
French surgeon, Paul Segond [11]. While 
dissecting cadaver knees, he noted the presence 
of a “pearly, resistant, fibrous band over the 
anterolateral aspect of the joint. This band 
invariably was under extreme tension during 
forced internal rotation of the knee. Gerdy’s 
tubercle never fails, only a bone segment 
immediately behind it”. The Segond fracture 
was named based on these observations and its 
location has recently been confirmed [12].

This structure was then in large part forgotten, 
until Jack Hughston published several articles 
on various types of knee rotational instability 
in 1976 [13, 14]. He referred to a “mid-third 
lateral capsular ligament” that inserted on the 
lateral meniscus and was divided in menisco
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femoral and meniscotibial segments. According 
to Hughston, this “capsular ligament” was 
“strong and supported superficially by the 
iliotibial band” and it played a significant role 
in the knee’s anterolateral stability. In 1986, 
Terry et al. [15] also referred to an anatomical 
structure deep to the fascia lata that acts as an 
“anterolateral ligament of the knee”. The 
presence of this structure was confirmed by 
Vieira [16] and then described in depth by 
various teams [1, 7, 8].

ANATOMY

In 2016, we described a simple, reproducible 
method to dissect and identify the ALL 
surgically [4]. Dissection starts at the ALL’s 
tibial insertion. Distal detachment of the biceps 

femoral exposes the lateral collateral ligament 
and also reveals the more superficial ALL. 
Flexing the knee and maximally rotating the 
tibia internally places tension on the ALL, 
making it easy to identify. The ALL’s femoral 
insertion has been the most controversial. The 
current consensus is that it is located proximal 
and posterior to the epicondyle [5, 6, 17, 18].

Near the joint line, the ALL has projections 
on the lateral meniscus [8] and the 
anterolateral capsule; most of its fibres fan 
out and insert distally on the tibia between 
the fibular head and Gerdy’s tubercle. Its 
tibial insertion is more than 10mm wide [6]. 
It is located on average 21.6mm posterior to 
Gerdy’s tubercle and 23.2mm anterior to the 
fibular head [1], and is 10mm distal to the 
joint line [1, 7, 8, 17].
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SURGICAL TECHNIQUE

We have previously described several ALL 
reconstruction techniques that are performed 
alone or in combination with ACL re
construction [19, 20]. The patient is placed in a 
standard supine position with a lateral pad at 
the tourniquet and a distal pad placed to keep 
the knee at 90° intraoperatively.

Combined ACL/ALL reconstruction [19]

We use the semitendinosus (ST) and gracilis 
(G) tendons as grafts; they are harvested using 
an open tendon stripper to preserve their tibial 
attachment points. The ST is used to reconstruct 
the ACL; it is tripled to provide a 12-cm long 
graft from its tibial attachment. The gracilis is 
then detached from its tibial insertion; one part 
is used to quadruple the ST and its distal end is 
used to reconstruct the ALL. This results in an 
8-10mm diameter ACL graft. Two skin 
incisions less than 1cm long are made to 
prepare the ALL distal attachment sites: in front 
of the fibular head and behind Gerdy’s tubercle 
for the tibia. Next, two 4.5-mm connected 

tunnels are made from these points to reproduce 
the ALL’s tibial attachment. A third incision is 
made at the femur, posterior and proximal to 
the epicondyle. A suture is used to ensure that 
the distance between these three points differs 
when the knee is moved – the ALL must be 
tight in extension and slack in flexion.

The ACL’s tibial tunnel is made in the standard 
manner. Using an outside-in guide, the ACL’s 
femoral tunnel is placed over the femur’s 
isometric point (i.e. proximal to the epicondyle), 
which corresponds to the ALL’s femoral 
insertion. After passing the ACL graft from 
inferior to superior, it is secured with 
interference screws at the tibia and femur. The 
pre-sutured gracilis strand is passed 
subcutaneously and under the fascia lata, and 
then retrieved through the superolateral 
incision on the tibia; a traction suture is used to 
pull it out of the anterior tibial tunnel. It is then 
retrieved through the proximal incision over 
the femoral tunnel and sutured to itself. With 
the knee fully extended, this graft is secured 
with an interference screw at the anterior tibial 
tunnel to ensure it is tight in extension and 
slack in flexion. The tibia must not be rotated.



B. SONNERY-COTTET, R. ZAYNI

50

Isolated ALL reconstruction [20]

The gracilis tendon is used as a graft. Two 
K-wires are inserted through two, less than 
1-cm long skin incisions: one on the posterior 
edge of Gerdy’s tubercle and one anterior to the 
fibular head. A third K-wire is placed posterior 
and proximal to the epicondyle. A suture is used 
to ensure that the distance between these three 
points differs when the knee is moved – the ALL 
must be tight in extension and slack in flexion. 
After the isometry has been checked, 6 x 20mm 
tunnels are made in the femur and tibia.

The gracilis graft is secured to the femur using 
a 5.5-mm suture anchor (SwiveLock®, 
Arthrex). The two distal ends are retrieved 
subcutaneously through the distal incisions, 
making sure they pass under the fascia lata. 
Tibial fixation of the two strands is carried out 
with the knee fully extended to avoid fixation 
in external rotation.
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CLINICAL OUTCOMES

The “rediscovery” of the ALL has redirected 
the attention of orthopaedic surgeons to 
peripheral knee structures that contribute to 
rotational instability. Published studies have 
shown that lateral tenodesis associated with 
ACL reconstruction can reduce rotational 
instability, but that it does not necessarily 
have a significant effect on clinical outcomes. 
Only one article has reported clinical 
outcomes after combined ALL/ACL 
reconstruction [21]. In 2015, Sonnery-Cottet 
and colleagues described 92  ACL 
reconstruction cases performed concurrently 
with percutaneous ALL reconstruction. The 
semitendinosus tendon was used for the ACL. 
A double-bundle gracilis tendon was used for 
the percutaneous ALL reconstruction to 
reproduce its triangular shape with large tibial 
attachment. The mean follow-up was 
32.4  months (24-39). Pre-operatively, 
47 patients had a grade 1 pivot shift, 22 had 
grade 2 and 23 had grade 3. After the surgery, 
82  patients had no pivot shift and 10 had a 
grade 1 pivot shift. There were no specific 
complications related to the surgical 
technique. One patient had an ACL rerupture 
1 year after the surgery, while six patients had 
a contralateral ACL tear. These findings were 
confirmed in a retrospective study of more 
than 600 ACL-deficient patients operated 
between 2011 and 2014 who were reviewed 
after 40  months. The rerupture rate was 

significantly lower in the group with combined 
ACL/ALL reconstruction than in the group 
with isolated ACL reconstruction (patellar 
tendon or hamstring graft).

The excellent stability and functional outcome, 
the simplicity of the surgical technique, the 
small aesthetic impact of the percutaneous 
technique and the low failure rate have allowed 
us to expand our indications considerably over 
the past 5 years. Combined reconstruction is 
now performed in nearly 50% of our ACL 
reconstruction patients. We strongly believe 
that this combined technique not only provides 
better control over rotational stability, but also 
reduces the rerupture rate in high-risk patients 
(e.g. under 20 years of age, competitive 
athletes, pivot sports, lateral notch, etc.).

CONCLUSION

In our hands, combined ACL/ALL re
construction performed in more than 
1000 patients has led to good clinical outcomes 
with no specific complications related to the 
ALL reconstruction. Along with satisfactory 
rotational control, the significantly lower 
rerupture rate versus isolated reconstruction 
techniques (BPTB, HG) has lead us to expand 
our indications. A prospective randomised 
study has been initiated to address the absence 
of a control group and the need for longer 
follow-up.
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INTRODUCTION

Nearly all cases of ACL rupture are associated 
with a “subluxation” of the lateral compartment 
of the knee. This explains the characteristic 
bone bruising associated with ACL rupture on 
the middle of the lateral femoral condyle and 
the posterior portion of the lateral tibia. To 
achieve this “subluxation”, lateral soft tissues 
must yield. Not surprisingly on an MRI scan 
following an acute ACL rupture there is usually 
significant oedema in the lateral soft tissues. 
Furthermore, acute exploration of the lateral 
side of the knee after ACL rupture will show 
haemorrhage in the tissues [1]. It is likely that 
most of these injured tissues heal spontaneously. 
Nevertheless, the fact that they are ruptured at 
the time of ACL injury implies there may be 
some role of these tissues in controlling 
anterolateral rotatory instability (ALRI). Since 
not all ACL reconstructions, even if undertaken 
technically perfectly, result in abolition of the 
pivot shift, nor total patient confidence, lateral 
surgical procedures to augment intra-articular 
ACL reconstruction may have benefit.

Of course, in the past many different lateral 
procedures were used in this context. With the 
success of intra-articular ACL reconstruction 

however, in large parts of the world, these 
procedures were abandoned as they were thought 
to be the cause of complications and both 
biomechanically and clinically unnecessary. 
This was certainly the approach in the English-
speaking world. Particularly in France, and 
especially Lyon, the use of such procedures 
persisted with good affect. When abandoned the 
various tenodeses were criticized for being 
associated with failure due to stretching, and 
stiffness, and lateral osteoarthritis. The 
suggestion was that the morbidity of the surgery 
caused stiffness and that over constraint of the 
lateral compartment caused osteoarthritis. 
However, if one looks back to the era during 
which lateral surgical procedures such as the 
Macintosh and Lemaire were undertaken, it is 
worth noting that the postoperative rehabilitation 
often involved prolonged periods immobilised in 
a cast with the knee flexed and the leg in external 
rotation. Also many cases had previously had 
total meniscectomies. Of course in many cases 
no intra-articular ACL reconstruction was under
taken and so biomechanical success was unlikely 
in this situation. Because of these mitigating 
factors and the potential for lateral soft tissue 
procedures being beneficial, it is time to re-
evaluate not only the procedures, but the lateral 
soft tissue anatomy itself.

THE ILIOTIBIAL BAND WITH ITS 
FEMORAL ATTACHMENTS AT THE 
KNEE IS THE MOST IMPORTANT 

LATERAL SOFT TISSUE RESTRAINT 
TO “ALRI”

A. WILLIAMS
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THE ANTEROLATERAL 
LIGAMENT

In recent times the first description of an 
“anterolateral ligament” was in a study from 
Lyon [2]. Shortly before this the senior author of 
the aforementioned article, Pr Philippe Neyret, 
collaborated with a group at Imperial College, 
London, to set out the logic for lateral soft tissue 
surgery with ACL reconstruction [3] but it was 
following an article in 2013 by Claes  et al. [4] 
that an extraordinary amount of interest was 
shown, even in the popular press and social 
media. In this study embalmed Cadavers were 
dissected to demonstrate a structure on the 
lateral side of the knee termed the “anterolateral 
ligament”. The authors described a well-defined 
attachment to the tibia midway between the 
lateral collateral ligament (LCL) attachment to 
the fibular head and Gerdy’s tubercle. But their 
description of the attachment of the femoral end 
of the ligament was vague. A few months later 
another article from Imperial College by Dodds 
et al. [5], which employed dissection of fresh 
frozen Cadavers confirmed the tibial attachment 
described by Claes et al. [4] and defined the 
correct position of the femoral attachment 
proximal and posterior to the LCL attachment to 
the femur.

Subsequently published collaboration between 
Steven Claes and Robert LaPrade’s group [6] 
confirmed the femoral attachment described by 
Dodds et al. [5].

As is often the way with anatomic “discoveries”, 
the anterolateral ligament has almost certainly 
been described previously in many publications 
but with different naming. For example as long 
ago as 1976 Hughston et al. [7] described the 
“mid third capsular ligament”.

Many studies have been published recently that 
seem to confirm the existence of an anterolateral 
ligament. Nevertheless the structure is not always 
easy to dissect free and may not be present in 
some cases. Some authors resort to define the 
ligament by internal rotation and sharp dissection 
of a fold that appears in the deep soft tissue.

THE ILIOTIBIAL BAND AND 
ITS ATTACHMENTS TO THE 
DISTAL LATERAL FEMUR

It has been long realised that there are strong, 
easily identifiable fibrous attachments from the 
iliotibial band to the distal lateral femur. These 
have been referred to as Kaplan’s fibres due to 
the description in 1959 [8]. These lead into the 
posterior portion of the iliotibial band described 
by Terry as the deep capsulo-osseous layer [1]. 
The band of tissue thus formed from the fibres 
attached to the femur pass distally within the 
posterior iliotibial band to Gerdy’s tubercle 
provide a thick, strong band of tissue that is 
ideally located and aligned to resist internal 
rotation of the tibia.

Having previously studied the ALL at Imperial 
College [5] and described its anatomy our 
research focus was on this structure. However 
with further exploration of the lateral side of 
the knee it became obvious that, not only was 
the anterolateral ligament flimsy, but often hard 
to find. In comparison the IT band and its 
attachments to the lateral femur was present in 
every knee and robust. We felt this worthy of 
further study. The Kaplan’s fibres are arranged 
in three specific attachments (retrograde, and 
supracondylar attachments and proximal).

Fig. 1: Dissection of a knee at 90 degrees flexion 
demonstrating the anterolateral ligament.
Red pin = femoral attachment of LCL; green pin = 
Gerdy’s tubercle. The anterolateral ligament is 
highlighted by white arrows, and is seen passing 
obliquely superficial to the LCL from its femoral 
attachment proximal and posterior to the femoral 
LCL attachment, to the mid-point between the LCL 
attachment to the fibula and Gerdy’s tubercle. 
(Courtesy of Am J of Sports Med).
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BIOMECHANICAL STUDIES 
OF LATERAL SOFT TISSUES

In our lab at Imperial College, London, a 
classic cutting study using a 6-degree-of-
freedom robot was undertaken [9]. Sequentially 
structures were sectioned and the same motion 
was replayed by the robot, whilst measuring 

the resistance to movement. In this way the 
percentage contribution to resisting certain 
movements could be calculated for the 
structures that had been cut. This was 
undertaken with the knee at straight, 30, 60 and 
90 degrees. As one would expect, throughout 
the range of motion tested the anterior cruciate 
ligament is the primary restraint to anterior 
tibial translation.

Fig. 2: Lateral soft tissues exposed by refection 
of ITB.
Lateral aspect of a left knee: the femur extends 
proximally to the right, and the tibia extends 
distally toward the bottom left with the patella at 
the top left: 1), Superficial layer of the iliotibial tract 
(ITT) flapped down; 2) proximal femoral insertion of 
the ITT; 3)  supracondylar insertion of the ITT; 
4)  retrograde insertion or capsulo-osseous layer; 
5)  superior genicular artery; 6) lateral collateral 
ligament; 7)  fibular head; 8) Gerdy tubercle; and 
9)  intermuscular septum. (Courtesy of Am J of 
Sports Med).

Fig. 3: Contribution of tested structures in restraining 90-N anterior tibial translation at 0°, 30°, 60°, and 90° 
of flexion. Crosshatched areas indicate results from the ACL-deficient group. Shown as mean + SD; n=8. 
Statistically significant change from the initial knee state (brackets indicate significant difference between 
ACL intact vs deficient): *P<.05, **P<.01, and ***P<.001. ACL, anterior cruciate ligament; ALL, anterolateral 
ligament; Cap, anterolateral capsule; dcITT, deep and capsulo-osseous layer of the iliotibial tract; sITT, 
superficial layer of the iliotibial tract. (Courtesy of Am J of Sports Med).
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It was a surprise, however, that the ACL was 
only important in resisting internal rotation 
close to extension. For the rest of the range of 
knee motion tested, the ITB with its femoral 

attachments was the primary restraint to 
internal rotation and a simulated pivot shift by 
some way, whereas the ALL and capsule 
contributed only little.

Fig. 4: Contribution of tested structures in restraining a 5-N·m internal rotation torque at 0°, 30°, 60°, and 
90° of flexion. There is only 1 result each for the medial collateral ligament (MCL) and the posteromedial 
corner (PMC) because they were only tested at 30° of flexion on 4 knees. Crosshatched areas indicate 
results from the ACL-deficient group. Shown as mean + SD; n=8 (apart from the MCL and PMC: n=4). 
Statistically significant change from the initial knee state (bracket indicates significant difference between 
ACL intact vs deficient): *P<.05, **P<.01, and ***P<.001. ACL, anterior cruciate ligament; ALL, anterolateral 
ligament; Cap, anterolateral capsule; dcITT, deep and capsulo-osseous layer of the iliotibial tract; sITT, 
superficial layer of the iliotibial tract. (Courtesy of Am J of Sports Med).
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By attachment of metal “eyelets” through 
which sutures were passed attached to strain 
gauges, length changes of lateral soft tissue 

structures and of soft tissue grafts for various 
operative techniques were tested [10].

Fig. 5: Femoral eyelet positioning. Tibiofemoral point combinations 
account for structures on the lateral side, extra-articular soft tissue 
reconstructions, and femoral isometric points. (a) pinG, Gerdy 
tubercle; pinA, area of the Segond avulsion; dashed line, lateral 
collateral ligament. (b) black pin, Gerdy tubercle; blue pin, area of the 
Segond avulsion; red pin, fibular head; green pin, lateral epicondyle. 
(Courtesy of Am J of Sports Med).

a

b
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In this testing length changes for the 
anterolateral ligament described by Claes et al. 
[4] and the anterolateral ligament described by 
Dodds et al. [5]. In addition he studied the 
length change of suture from Gerdy’s tubercle 
to Kaplan’s fibres, and also for attachmnent 
points for Lemaire and MacIntosh lateral 
tenodeses. For the tenodeses the sutures were 
placed superficial and also tested deep to the 
LCL. The findings showed that the most 
isometric lateral anatomical soft tissue was the 
iliotibial band with its connection to the femur. 
The anterolateral ligament attachment 
according to Dodds et al. [5] with the femoral 
attachment proximal and posterior to the 
femoral attachment to the LCL tightened 
towards extension and slackened in flexion. An 
ALL attachment point to the femur distal to the 
LCL attachment to the femur was loose in 
extension and tight in flexion, which was not 
surprising! All of the lateral tenodesis 
procedures performed better than the best ALL 
reconstruction so as long as the suture was 
taken deep to the lateral collateral ligament.

Subsequent unpublished data shows that testing 
reconstructive techniques shows superiority of 
ITB-based tenodeses taken deep to the LCL, as 
compared to a Lemaire procedure taken super
ficial to the LCL, and an ALL reconstruction in 
the position described by Dodds et al. [5]. 
Unfortunately surgical techniques employing a 
femoral attachment distal to the LCL attachment 
to the femur for ALL reconstruction have been 
poularised. Not only are these illogical but, 
since they loosen extension, they cannot be 
effective; and since they tighten with flexion 
they could be harmful to patients.

In summary, the biomechanical testing we have 
undertaken at Imperial College has 
conclusively shown that the anterolateral 

ligament is of little significant, although it does 
exist, but that the main restraint to internal 
rotation in the lateral soft tissue envelope is the 
ITB with its attachment to the femur.

REPORTS TO THE 
CONTRARY IN THE 
LITERATURE

There are a number of papers that have been 
written showing apparent importance of the 
anterolateral ligament. Unfortunately the 
experimental designs for these often include 
removal or defunctioning of the iliotibial band. 
This means that if the main restraint has been 
removed it is not surprising that something that 
would normally be less effective becomes 
apparently more effective.

The amount of interest in the anterolateral 
ligament has been truly astonishing and, at 
times, worrying. The concept has been seized 
upon and has been rushed to surgery without 
the due diligence of proper scientific evaluation. 
For some reason the concept has been assumed 
to be the truth, and nothing but the truth, and 
therefore many of the publications that have 
followed are examples of “conformational 
bias”. When a concept is embedded in the 
human brain everything else seems to fit this 
theory. This can be explained by saying “the 
eye sees what the brain knows”.

The proper way to deal with a “new discovery”, 
even if it is old (!), is to work through the 
subject step by step, evaluating the anatomy 
followed by the biomechanics, testing proposed 
reconstructions in a laboratory and finally 
having a committed approach to long term 
clinical outcome follow up.



THE ILIOTIBIAL BAND WITH ITS FEMORAL ATTACHMENTS AT THE KNEE… 

59

Acknowledgements

Imperial College, London, Laboratory Work: 
Alex Dodds; Christoph Kittl, Eivint Inderhaug, 
Hadi El-Daou, Camilla Halewood.
Supervision: Pr Andrew Amis (Imperial 
College, London) and Jo Stephen (Imperial 
College and Fortius Clinic, London).

Disclosure

3 Fellows part-funded by Smith and Nephew 
German Speaking Association of Arthroscopy 
(AGA) part sponsored C. Kittl.

LITERATURE

[1] TERRY GC, NORWOOD LA, HUGHSTON JC, 
CALDWELL KM. How Iliotibial Tract Injuries of the Knee 
Combined with Acute Anterior Cruciate Ligament Tears to 
Influence Abnormal Anterior Tibial Displacement. Am J of 
Sports Med 1993; 21: 55-60.
[2] VINCENT JP, MAGNUSSEN RA, GEZMEZ F, UGEN A, 
JACOBI M, WEPP F, AL-SAATI MF, LUSTIG S, DEMEY 
G, SERVIEN E, NERYRET P. The Anterolateral Ligament of 
The Human Knee; An Anatomic and Histologic Study. Knee 
Surg Sports Traumatol Arthrosc 2012; 20(1): 147-52.
[3] CM GUPTE, NEYRET P, WILLIAMS AM, AMIS A. 
Extra-articular Techniques in Anterior Cruciate Ligament 
Reconstruction Dodds JBJS(Br) 2011; 93-B: 1440-8.
[4] CLAES S, VEREECKE E, MAES M, VICTOR J, 
VERDONK P, BELLEMANS J. Anatomy of the Anterolateral 
Ligament of the Knee. J Anat 2013; 223: 321-8.
[5] AL DODDS, C HALEWOOD, CM GUPTE, A 
WILLIAMS, AA AMIS. The Anterolateral Ligament: 
Anatomy, length changes and association with the Segond 
fracture. Bone Joint J 2014; 96-B: 325-31.

[6] KENNEDY MI, CLAES S, FUSO FA, WILLIAMS BT, 
GOLDSMITH MT, TURNBULL TL, WIJDICKS CA, 
LAPRADE RF. The Anterolateral Ligament: An Anatomic, 
Radiographic, and Biomechanical Analysis. Am J Sports 
Med 2015; 43: 1606-15.
[7] HUGHSTON JC, ANDREWS JR, CROSS MJ, MOSCHI 
A. Classification of knee ligament instabilities: Part Two The 
Lateral Compartment. JBJS (Am) 1976; 58-A: 173-9). 
[8] KAPLAN EB The Ilio-Tibial Tract- clinical and 
morphological significance. JBJS(Am) 1958; 40-A: 817-32.
[9] C KITTL, H EL-DAOU, KK ATHWAL, CM GUPTE, A 
WEILER, A WILLIAMS, AA AMIS. The role of the 
anterolateral structures and the ACL in controlling laxity of 
the intact and ACL-deficient knee. Am J Sports Med 2016; 
44: 345-54.
[10] C KITTL, C HALEWOOD, J STEPHEN, GUPTE C, A 
WEILER, A. WILLIAMS, AA AMIS. Length change 
patterns of the lateral extra-articular structures of the knee 
and related reconstructions. Am J Sports Med 2015; 43(2): 
354-62.





61

INTRODUCTION

Pivot shift test is considered as gold standard 
clinical examination for diagnosis of anterior 
cruciate ligament (ACL) injury. It evaluates the 
combined tibio-femoral internal rotation and 
anterior tibial translation that occurs when the 
ACL is injured or deficient. In 1972, Galway 
and Macintosh et al. [1] described the test in its 
current form and named it “Pivot shift test”. 
They used the pivot shift for clinical 
examination in patients complaining of “giving 
way” of the knee and described it as the most 
prominent form of instability of the knee in 
patients recovering from severe soft tissue 
injury to the knee. This pathological motion 
was graded into 3 grades. Subsequently, 
various authors like Slocum and Larson, 
Hughston, Losee, Lemaire and Jacob studied 
this phenomenon and published several 
modified techniques to assess this anterolateral 
instability [2]. But, Pivot shift test still remains 
the most popular and reliable assessment tool 
[3]. It has been routinely utilized for pre and 
post-operative assessment of the ACL surgery 
and considered as most specific test for the 
diagnosis of ACL injury, if performed under 
anaesthesia [4].

Post-operative pivot shift grading has been 
shown to have direct correlation with patient 
satisfaction, return to sport and future risk of 

development of osteoarthritis [2]. As there is 
significant inter-observer variation in knee 
laxity assessment, an attempt to measure laxity 
in a quantitative & reproducible manner has 
been a topic of immense interest lately. This 
interest has led to development of tools, 
which can provide repeatable and objective 
quantification. Improvement in the objective 
assessment of knee laxity provides clinicians 
with better insight into the injury profile, and 
can help to specifically shape treatment 
protocols. In this chapter, we have discussed 
various aspects of pivot shift test along with 
recent advances in making it a quantitative 
assessment tool for development of 
individualized treatment algorithms.

PATHOMECHANICS & 
ELEMENTS OF PIVOT SHIFT

The pivot shift is a complex, multiplanar 
manoeuvre that incorporates two main 
components: translation (the anterior subluxation 
of the lateral tibial plateau followed by its 
reduction) and rotation (the rotation of the tibia 
relative to the femur). The examiner applies an 
internal rotation and valgus force to the extended 
knee and if there is ACL incompetence, the tibia 
will usually sublux anterolaterally on the femur. 
A flexion and valgus force is then applied to the 
knee and while flexing the knee; the illiotibial 
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band changes it role from being an extender to a 
flexor of the knee and will visibly reduce any 
subluxation. Clinically, the magnitude of the 
pivot shift is graded in accordance with the 
subjective feel of the reduction as the anteriorly 
subluxed tibia reduces. This subluxation/
reduction event occurs in the lateral compartment 
at approximately 20-30 degrees of flexion. It is 
always important to compare the exam to the 
contralateral knee to determine if the patient 
may have some underlying laxity when 
performing this test.

COMING UP WITH A 
STANDARDIZED MANEUVER

Differences in the amount of anterior tibial 
subluxation during pivot shift testing have been 
shown to vary considerably between examiners 
[5], which may complicate the assessment of 
this maneuver. These differences likely reflect 
differences in the applied axial, valgus, and 
rotational forces, as well as differences in the 
position of the leg and knee flexion during the 
maneuver. These subtle differences are further 
amplified by variation in grading between 
examiners for the same degree of subluxation. 
Various systems of grading the pivot shift have 
been recommended to allow for more uniform 
evaluation of rotatory laxity.

To bring uniformity to the testing technique 
and possibly decrease the effect of some of 
above-mentioned variables, we described a 
standardized pivot shift test maneuver [6]. It 
was designed on the basis of Galway and 
MacIntosh flexion type procedure [1]. Its 
applicability was tested on 12 world renowned, 
high volume ACL surgeons. Quantitative 
results of their preferred pivot shift test 
technique was compared to standardized 
testing maneuver. It was found that the 
variation of acceleration during the pivot shift 
test across different surgeons utilizing their 
preferred technique was significantly reduced 
by performing the pivot shift test in a 
standardized maneuver.

To assess left knee, the steps for this 
standardized maneuver are as follows (fig. 1).

Step 1: Stand facing the patient at foot level 
and hold the heel with left hand. Abduct the hip 
followed by internally rotating with left hand.

Step 2: Put right hand with thumb up just distal 
to joint line and apply gentle valgus stress, thus 
allowing spontaneous flexion.

Step 3: Flex the knee with the right hand and 
release the rotational stress. Reduction 
movement can be felt with the right.

Fig. 1: Standardized maneuver in three steps.

Step 1: 
Internal rotation

Step 2: 
Valgus Stress

Step 3: 
Flexion & Release 

of Internal Rotation

1 2 3
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CLINICAL GRADING AND 
FACTORS AFFECTING 
PIVOT SHIFT

Pivot shift can be graded clinically according 
to the amount of pathological motion observed 
and is used in IKDC score.

0-	Normal
1-	Subtle change in motion or glide
2-	Distinct reduction or clunk
3-	Significant clunk with locking (impingement 

of the posterolateral tibial plateau against 
lateral femoral condyle)

Other simplistic way to describe pivot shift is 
to divide it into low grade or high grade. Low 
grade includes both grade 0 and 1 of IKDC 
where as high grade includes grade 2 and 3.

There are various anatomical and structural 
factors, which play role in exaggerating or 
masking the pivot shift grading. They are 
summarized in Table 1.

QUANTIFICATION OF THE 
TEST-INSTRUMENTED 
ASSESSMENT OF ROTATORY 
KNEE INSTABILITY

To eliminate subjective grading, attempts have 
been made in developing devices to objectively 

quantify the pivot shift test. The primary reason 
for the difficulty to establish an evaluation 
system is the complexity of the pivot shift 
movement that is composed of a six degree-of-
freedom tibial internal-external (i-e) rotation, 
varus-valgus (v-v) rotation, and anterior-
posterior (a-p) translation. Computer assisted 
surgical navigation systems and electro
magnetic tracking devices are among the 
technologies that can provide kinematic data 
during the pivot shift test [7]. These 
technologies provide accurate kinematic data, 
but limitations exist such as invasiveness, 
bulkiness, and cost. In recent years, non-
invasive technologies have been developed 
that can help clinicians to objectively quantify 
the pivot shift test. These technologies measure 
different aspects of bony motion during the 
pivot shift test. We have been using two these 
systems image analysis and inertial sensor 
technology.

IMAGE ANALYSIS 
TECHNOLOGY

While performing the pivot shift, anterior tibial 
translation in lateral compartment of the knee 
is more than that of the medial compartment. 
This translation correlates with the subjective 
grading of the pivot shift [8]. Based on this 
finding, we developed PIVOT software that 
uses a computer tablet’s camera to record the 
motion of markers attached to the lateral aspect 
of the knee during the pivot shift maneuver 

Table 1: Anatomical & Morphological factors affecting Pivot shift test

Factors leading to increased Pivot shift test Factors masking Pivot shift test

Lateral Meniscus injury
Illiotibial band injury
Anterolateral capsule injury
Posterolateral corner injury
Increased lateral tibial plateau posterior slope
Small size of lateral tibial plateau

Medial Collateral ligament injury
Illiotibial band laxity
Patient guarding/Haemarthrosis
Flexion contracture of knee
Osteoarthritis
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(fig. 2). The skin markers are attached to three 
bony landmarks on lateral side of the knee i.e, 
lateral epicondyle, Gerdy’s tubercle, and the 
fibular head. The software is able to calculate 
the relative motion of tibia in relation to femur 
by recording and analyzing the video of the 
knee motion during pivot shift test. The lateral 
compartment translation measured by this 
technique has shown to be strongly correlated 
with bony motion measured invasively by 
electromagnetic tracking system. In distances 
less than or equal to 175cm between iPad and 
marker position this calculation has less than 
6% error, which provides sufficient accuracy 
for the clinical set-up. Considering the analysis 
time of 10-15 seconds, image analysis 
constitutes an easily applicable tool for the 
daily clinical work [9].

INERTIAL SENSOR 
TECHNOLOGY

The acceleration during the tibial reduction of 
the pivot shift is significantly higher in ACL 
deficient knees and correlates with the clinical 
grading of the pivot shift [7]. Different types of 

inertial sensors (accelerometers, gyroscopes, 
micro-electromechanical system sensors) have 
been used to quantify this acceleration, rotation 
and velocity of the bony motion. Similar to the 
principle of image analysis, the sensors are 
attached to the lateral aspect of the proximal 
tibia, close to Gerdy`s tubercle. Transmitting 
the gathered acceleration via Bluetooth to a 
tablet software, named Kira (Orthokey LLC, 
Lewes, DE, USA), the data is subsequently 
analyzed, plotted and saved in a patient data 
base (fig. 3). The applicability and reliability of 
this technology was demonstrated in laboratory 
setting as well as in the clinical use [10]. 
Together these devices provide comprehensive 
insight to joint rotatory laxity.

During a test, the tablet’s camera records the 
movement of the markers while the knee is 
being examined (fig. 3). The software scans the 
images in real time and utilizes custom 
algorithms that shade the entire image except 
the markers by adjusting the brightness and 
contrast. The software then automatically 
tracks the movement of the markers and 
calculates the translation of the pivot point 
defined by the intersection of the line between 
markers on the fibular head and Gerdy’s 

Fig. 2: Testing set-up for the quantitative pivot shift measurement by image analysis technology 
and inertial sensors. For image analysis technology markers are attached to the bony landmarks 
fibular head, Gerdy’s tubercle and femoral epicondyle to quantify lateral compartment 
translation. Inertial sensors are utilized to measure the acceleration of the tibia in the reduction 
phase of the pivot shift. Both systems use tablet-software to acquire and analysis the data.
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tubercle with a perpendicular line crossing the 
femoral condyle marker (fig. 4). After tracking 
the markers, the software provides a reduction 
plot that represents reduction of the tibia during 
pivot shift test. From this plot the amount of 
translation can be determined by selecting the 

maximum and minimum points of the plot at 
the time of the reduction, hence providing us 
with a quantifiable number.

These devices provide objective quantification 
of rotatory knee instability and avoid second-

Fig. 3: Screenshot of the Ipad 
showing acceleration plot for 
right knee during pivot shift 
testing, created by Image sensor 
technology Kira (Orthokey LLC, 
Lewes, DE, USA). White 
highlighted part in the curve 
shows the points of maximum 
and minimum acceleration. 
Acceleration range is calculated 
by subtracting minimum accele
ration from maximum accele
ration. Higher recorded peaks 
that occurred after pivot shift 
phenomenon are due to the 
sudden full extension of the 
extremity.

Fig. 4: Configuration of skin markers and display of software interface for PIVOT application for the I-pad. A 
pivot shift test is performed in the photograph on the upper right with skin markers placed on the lateral 
femoral condyle, Gerdy’s tubercle, and the fibular head. Tracking of the skin markers as observed on the iPad 
interface are shown in the two lower left boxes prior to and during the performance of the pivot shift. The 
change in the anterior-posterior position of the femur in relation to Gerdy’s tubercle is recorded as a function 
of time as observed in the lower right image. The lateral compartment translation during pivot shift test was 
calculated by subtracting the highest and lowest values along the graph, which in this case is 5.627mm.
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guessing with subjective grading scales. Using 
them pre-operatively, different injury patterns 
and instability grades can be characterized 
based on patient factors. This can help us to 
devise individualized treatment plan for the 
patient. The future application of widespread 
quantitative evaluation technologies will help 
correlate patient reported outcome with 
objective findings of knee instability with the 
goal of improved patient outcomes.

SUMMARY

Pivot shift test is the most specific tool for 
assessment of anterolateral instability of the 

knee. It has application at all levels of care in 
ACL injured patient, right from pre operative 
phase to return to play decisions. Various 
anatomical and morphological factors can 
enhance or mask the pivot shift. Use of 
Standardized Pivot shift technique can bring 
uniformity to testing techniques. Quantitative 
assessment of pivot shift helps with the 
development of individualized treatment algo
rithm for the ACL-injured patient with the goal 
of achieving maximum athletic potential while 
at the same time preventing post-traumatic OA. 
In the future, quantitative pivot shift testing 
will aid surgeons in their indications for 
additional procedures such as extra articular 
tenodesis or meniscus allograft reconstruction.
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INTRODUCTION

Rotatory knee laxity is controlled by the 
cruciate ligaments and secondary restraints, 
such as the capsule, menisci, collateral 
ligaments, and the iliotibial band (ITB). 
Clinical diagnosis of rotatory knee laxity can 
be performed by static and dynamic rotatory 
laxity tests. Static laxity testing is simple and 
non-invasive. It measures rotation of the tibia 
with respect to the femur and is not yet used in 
daily clinical practice. The goal of knee laxity 
measurements is to identify the laxity pattern 
of an individual patient, improve the diagnosis 
of anterior cruciate ligament (ACL) and 
peripheral injuries as well as the clinical 
outcome following ACL reconstruction 
surgery. The contribution of rotational laxity in 
this concept still needs to be defined.

Historically, Wang and Walkers analyzed 
rotational laxity in cadavers. They recorded 
torque-rotation graphs from each cadaver knee 
they examined and noticed a high inter
individual variability. Our own experiments 
showed that cutting the PL bundle of the ACL 
lead in average to a 10% increase in rotation, 
whereas the section of both bundles induced a 
15% increase in rotation with a torque of 5 N/m 
at 30° of flexion (Lorbach).

A first attempt to measure rotation in vivo has 
been performed by Zarins in 1983. With 
increasing awareness of the importance of 
rotational control after ACL reconstruction, 
several devices to analyze rotation were 
developed by groups from Pittsburgh (Musahl), 
Vermont (Shultz), Luxembourg (Lorbach, 
Mouton, Seil), Decatur (Branch) with devices 
analyzing rotation. Each device is different, 
and the applied measurement conditions vary 
widely, mainly with respect to patient position
ing, knee flexion angle, and the applied torques. 
The amount of torque applied usually varies 
between 5 and 15 Nm depending on lower limb 
fixation and patient comfort. Knee rotation is 
higher if the knee is flexed at 90° compared to 
20° and if the hip is extended compared to the 
flexed position at 90°. To avoid overestimation 
of the measurements when rotation is measured 
at the foot, a solution is to measure tibial 
rotation directly at the proximal tibia via 
electromagnetic sensors (Alam).

In our experimental device, the Rotameter 
(Lorbach), the subject is lying prone to 
reproduce the dial test position. Hips are 
extended and knees flexed at 30°. The Rota
meter overestimates the total range of rotation 
at 5, 10, and 15 Nm by an average of 5, 10, and 
25°, respectively. Our current version yields 
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lower values for rotational laxity than the first 
prototype of the device due to improvements in 
the standardization of the patient installation 
and joint fixation. The Minimum Detectable 
Change (MDC) has been determined to reach 
4.2° for internal rotation and 5.9° for external 
rotation (Mouton). Individualized normative 
references have been established taking into 
account gender and body mass.

PHYSIOLOGICAL LAXITY

Systematic evaluations of patient and control 
cohorts have shown that contralateral knees of 
ACL-injured patients display greater anterior 
and rotational knee laxity than knees of healthy 
individuals (Branch, Mouton). As such, 
increased physiological laxity has been 
determined as a potential risk factor for ACL 
injuries. In addition, it has been shown that 
exercise and fatigue increases anterior and 
rotational knee laxity in such patients. Gender 
has a big influence on rotational knee laxity, 
with women having up to 40% higher knee 
rotation in comparison to men. It may represent 
one of the factors explaining the higher risk for 
ACL injuries in females. Body mass also 
influences rotational laxity with increased body 
mass being related to lower knee rotation. 
Neither age nor the menstrual cycle seem to 
influence rotational knee laxity measurements 
in adults.

Although laxity measurements overestimate 
knee laxity, normative references must be 
established to define normal laxity for each 
device. Mouton & al. proposed a methodo
logical approach to calculate standardized 
laxity scores for anterior and rotational knee 
laxity taking into account influencing 
individual characteristics. Sex and body mass 
were found to significantly influence rotational 
laxity and to explain a non-negligible amount 
of the variability in internal and external 
rotation (46 to 60%). As a consequence, the 
latter parameters were taken into account to 
calculate an individualized score which has the 
advantage to allow for the direct comparison of 
individuals, regardless of differences in sex or 
body mass.

KNEE LAXITY IN THE 
INJURED KNEE

Diagnosis of ACL injuries

The diagnosis of ACL injuries with arthrometers 
is based on the side-to-side difference (SSD) 
observed in anterior laxity measurements 
between the injured and the healthy knee. 
According to the IKDC objective score, a SSD 
greater than 3 mm relates to an ACL injury 
regardless of the device used to measure 
anterior knee laxity. At this threshold, the KT-
1000® performed at a maximal manual force 
seem to display the highest sensitivity and 
specificity for the diagnosis of complete ACL 
injuries compared to other devices. It is 
important to highlight that most studies 
reported the sensitivity and the specificity of 
arthrometers to diagnose ACL injuries by only 
considering complete ACL tears, which are the 
easiest to detect. With newer devices like the 
GNRB®, for all types of ACL tears (including 
total tears, partial tears, and ligament remnants) 
and regardless of associated meniscocapsular 
injuries, the sensitivity and specificity of the 
GNRB® reached, respectively, 75 and 95% for 
the ATD at 200 N and an optimal threshold of 
1.2 mm (Mouton).

To improve the diagnosis of ACL injuries, 
additional analysis of rotational knee laxity has 
been proposed. Cadaveric studies revealed that 
the section of the ACL led to an increase of 2.4 
to 4° in internal rotation in knee flexion angles 
below 30° (Lane, Nielsen). This accounts for 
approximately 10-15° of the internal rotational 
range. Subtypes of ACL tears like posterolateral 
bundle injuries induced an increase of 3° at 
5 Nm in internal rotation (Lorbach). Similarly, 
recent findings showed an increase in internal 
rotation after sectioning of the ACL + antero
lateral ligament of 3° at 20° of knee flexion 
(Sonnery-Cottet).

Although they may be clinically relevant, these 
differences induced by sequential sectioning of 
different intra- and extraarticular structures are 
relatively minor. This is getting problematic 
when the measurements need to be performed 
in vivo. So far, the only device measuring static 
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rotational laxity for which the sensitivity and 
specificity to detect an ACL injury has been 
reported in the literature is the Rotameter. A 
threshold of 3.2° for the SSD in internal 
rotation at 5 Nm allowed to correctly identify 
38% of patients (sensitivity) and reject 95% of 
healthy subjects (specificity). This threshold is 
similar to the induced changes after sequential 
sectioning in cadaveric knees. Hence it shows 
that in vivo static rotational laxity measurements 
need to be improved to produce reliable 
clinically useful information.

Combining static anterior and rotational knee 
laxity measurements as well as exploiting the 
features offered by new arthrometers like the 
slope of the load-displacement curve improves 
the diagnosis of ACL tears. With this 
combination, a positive result confirmed an 
ACL tear (sensitivity: 81%) regardless of the 
sub-type of the ACL tear and the associated 
injuries. This performance is similar to the one 
reported for MRI (sensitivity 81%, specificity 
96%). Despite this high diagnostic precision, 
the performance of arthrometers needs to be 
improved, especially when it comes to the 
measurement of rotational laxity and the effect 
of associated intra- or extraarticular lesions. 
Tibial rotation being influenced by lesions of 
the collateral ligaments, meniscal roots, the 
ITB and the Kaplan fibers or other peripheral 
capsuloligamentous structures, there is 
currently a paucity of both in vivo and in vitro 
studies analysing these variables individually.

Knee laxity after anterior cruciate 
ligament reconstruction

ACL reconstruction surgery should aim to 
restore knee laxity in all directions. Knee laxity 
measurements are therefore of interest as a 
postoperative control to follow the graft 
evolution and detect potential abnormalities 
like graft elongation, recurrent tears, increased 
postoperative laxities. These may occur in graft 
malpositioning or graft failures. Numerous 
studies reported knee laxity measurements at a 
specific time point after ACL reconstruction. 
Their conclusions are difficult to generalize, 
due to the diversity of graft types, surgical 

techniques, fixations, associated injuries, 
rehabilitation approaches, but also the laxity 
measurement techniques. Prospective follow-
up studies with systematic measurements of 
knee laxity are missing, so that the current 
knowledge on postoperative changes like the 
influence of the graft ligamentisation process 
on knee laxity is poor.

This lack of methodological scientific evidence 
may explain why many studies have shown no 
difference in anterior laxity after different 
types of surgical reconstruction between a 
bone-patellar tendon-bone (BPTB) and a 
semitendinosus (ST) autograft (Ahlden). The 
current knowledge on knee laxity after ACL 
reconstructions as well as after many other 
surgical interventions thus needs to be 
improved. Little is known about the 
postoperative changes of ALL reconstructions. 
A recent study by Schon & al. indicated that 
current ALL reconstruction techniques may 
lead to a decrease of internal rotation and 
overconstraint of the knee joint.

CONCLUSIONS

Static knee laxity measurements offer the 
possibility to improve the understanding of the 
capsuloligamentous knee envelope, both in 
healthy and injured knees as well as after 
different types of reconstruction procedures. 
The recent development of rotational laxity 
measurement devices has added significant 
knowledge to the field. The combination of 
knee laxities is now possible and has led to the 
concept of knee laxity profiles in healthy knees. 
The high variability between individuals as 
well as the ability to identify knees with 
increased physiological knee laxity may be of 
interest in the screening and prevention 
programs for athletes. Indeed, subjects with 
excessive physiological knee laxity may have a 
greater risk to sustain an ACL injury as well as 
to display inferior outcomes after an ACL 
reconstruction.

The combination of multidirectional laxity 
assessments in ACL-injured knees improves 
the diagnostic capacity of arthrometers. 
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Although the knowledge of preoperative knee 
laxity measurements is evolving, some factors 
are still insufficiently understood. Current 
rotational arthrometers seem to be insufficiently 

precise to evaluate the influence the laxity 
increase induced by extraarticular injuries in 
general and anterolateral instabilities in 
particular.
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INTRODUCTION

The anterior cruciate ligament (ACL) has been 
found to be the primary restraint to tibia antero-
posterior displacement, allowing knee stability 
and control of joint kinematics. Because of that 
diagnosis of tibio-femoral joint laxity was 
historically based on Lachman and anterior 
drawer tests, measuring static laxity, involving 
only one degree of freedom.

Contrasting to unidirectional tests, pivot shift 
test evaluates dynamic laxity (defined when 
more than two degrees of freedom are 
involved), by applying multi-directional loads 
through a range of movement of the knee. A 
positive pivot shift is described as the anterior 
subluxation of the lateral tibial plateau and its 
reduction during flexion associated with 
internal rotation and valgus stress.

This sign is closely related to a functional ACL 
insufficiency and its grade is proportional to 
clinical symptoms [1], reduced sport activity 
[2], articular cartilage [3] and meniscal 
damages [4, 5]. The limit of pivot shift is its 
great variability in the performance and 
interpretation, making it a highly surgeon-
subjective clinical examination.

In the last years, to solve this limit, various 
devices have been developed to measure the 

pivot shift; many of them, like open MRI, 
complex software, special markers, robot and 
electromagnetic software, are too complex and 
expensive to be used in daily clinical practice. 
Instead, inertial sensors have been spread in the 
clinical practice thanks to its low cost, 
simplicity and reliability [6].

DISCUSSION

Inertial sensors are specialized non-invasive 
devices constituted of an accelerometer to 
evaluate linear acceleration and a gyroscope to 
quantify angular velocity; they contain an 
internal mass attached to a spring. When the 
sensor is accelerated by the forces acting on the 
knee during a pivot shift test, it begins to move 
in the same direction of the force while the 
internal mass do not move because of inertia. 
This relative movement will produce a 
lengthening of the spring which is directly 
proportional to the acceleration. Calculating 
the integral of acceleration allows to obtain 
velocity.

In 2012, Lopomo et al. [7] has reported the 
results using a specific type of inertial wireless 
sensors linked to a tablet PC equipped with 
dedicated software (KiRA, Orthokey LLC, 
Lewes, DE, USA) while pivot shift maneuver 
was performed on 66 consecutive ACL-injured 
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patients. Actually the system, an evolution of 
the originally developed, consists of a sensor 
inlaid into a three - axial accelerometer and 
three orthogonal gyroscope Bluetooth 
connected to a tablet PC. The sensor is fixed, 
completely non-invasive, by a strap on the 
tibia, between the lateral aspect of the anterior 
tuberosity and Gerdy’s tubercle. It’s the optimal 
position to reach a good stability of the sensor 
and to minimize skin artefacts during pivot 
shift execution. Furthermore this position is 
located in the lateral compartment of the knee, 
which is the most influenced by the presence of 
the pivot shift phenomenon. To validate this 
system and evaluate its reliability, it was 
compared to an invasive navigation system, by 
measuring knee joint kinematics during pivot 
shift concomitantly by an accelerometer fixed 
to the skin and a navigation system [8]. The 
authors found good intra-rater reliability in the 
acceleration range and in the mean acceleration 
waveform, justifying the use of inertial sensor 
in the daily clinical practice. The limitations of 
the methodology is the intrinsic variability of 
pivot shift depending on variance among 
examiners and muscular resistant offered by 
the patient, as demonstrated by a recent 
multicenter cohort study reporting significant 
differences in the grading of the pivot shift in 
awake and anesthetized patients [9].

A different inertial sensor, The MEMSense™ 
sensor, has been tested by Labbé et al. [10] to 
quantify pivot shift in 13 ACL-injured patient. 
This device uses an embedded micro
electromechanical system sensor integrating 
a triaxial accelerometer, gyroscope and 
magnetometer to evaluate acceleration and 
velocity of the tibiofemoral joint during pivot 
shift execution. Authors demonstrated that 
both acceleration and velocity of femur and 
tibia correlate well with the clinical grade of 
the pivot shift.

Petrigliano et al. [11] validated the use of 
another device, The ITG-3200 (ITG-3200, 
Invensense, CA), to quantify the pivot shift 
phenomenon in cadaveric specimens. It’s a 
non-invasive microelectromechanical gyro
scope, but, unlike MEMSense™, it’s a single 
axis device that can be site on the lower 

extremity to measure tibial external rotation in 
the transverse plane during pivot shift. Authors 
found that the angle of rotation was higher in 
the ACL deficient knees compared to the intact 
specimens, but tibial rotation and rotational 
velocity are not closely related to the clinical 
grade of pivot shift. So these findings, 
confirmed by Borgstrom et al. [12] who used 
the same device to correlate analytic data with 
clinical grade, suggest that tibial rotation and 
rotational velocity alone can not define clinical 
grade of pivot shift and gyroscope data could 
be associated to acceloremeter data to give a 
more definite assessment of pivot shift.

CONCLUSION

Among several tests proposed to evaluate 
laxity of the knee joint, pivot shift test is the 
most specific test for ACL-injury, being closely 
correlates to clinical symptoms. Because its 
complexity and its inter-individual variability, 
its quantification represent a challenge among 
orthopaedics involved in ACL surgery.

Development of several systems to assess pivot 
shift could help surgeon to quantify pivot shift, 
improving diagnostic capabilities. Although 
navigation systems increased our understanding 
about knee kinematics, they are invasive, 
complex ad expensive; for these reasons their 
use is proposed for intra-operative analysis.

Unlike navigation systems, inertial sensors are 
non-invasive, intuitive, simple to use, in
expensive and reliable way to quantify pivot 
shift phenomenon. Their use allows to compare 
the injured knee to the healthy one, using it as 
reference. Measuring acceleration, velocity 
and rotation of the tibia relative to the femur 
during pivot shift, it’s possible correlates 
analysis data with clinical grade of symptoms.

Use of inertial sensors, thanks to its reliability, 
could be encouraged in the daily clinical 
practice both in diagnostic phase and in 
postoperative evaluation; moreover it could be 
use as a teaching tool in instructing young 
surgeon to perform the pivot shift in a more 
standardized way.
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INTRODUCTION

Anterior cruciate ligament rupture is a common 
injury.

However, controversy still exists regarding the 
best surgical technique, graft choice and graft 
fixation.

The forces transmitted through the ACL vary 
based on the integrity of the menisci, the other 
knee ligaments, and the position of the knee. 
Brand and coworkers [1] demonstrated ACL 
loads during daily activities (Table 1).

Noyes and coworkers [2] have estimated that 
the ACL strength needed for most activities 
was 454 N. Therefore, the initial fixation 
strength of an ACL graft required for these 
activities should be greater than 450 N.

It is well recognized that graft fixation is the 
weakest link in the early postoperative period 
after ACL reconstruction.

GRAFT FIXATION

Graft fixation must be strong enough to avoid 
failure, stiff enough to restore load displacement 
response and allow biological incorporation of 
the graft into the bone tunnels and secure 
enough to resist slippage under cyclic loading.
It should also be reproducible, biocompatible, 
MRI possible and easy to revise.

GRAFT FIXATION
J. CHAPPUIS, J. BARTH, J.C. PANISSET

Table 1: From Brand and coworkers [1]

Activities ACL (N) PCL (N)

Level Walking 169 352

Ascending stairs 67 641

Descending stairs 445 262

Descending ramp 93 449

Ascending ramp 27 1215
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During the first 6 to 12 weeks after surgery, 
when conversion from mechanical to biologic 
fixation is occuring, the fixation must be able to 
withstand the demands of an accelerated 
rehabilitation program.

There are a variety of methods by which the 
bone and soft tissue grafts can be fixed, and this 
can be done either in the bone tunnel or through 
a cortical based fixation away from the joint [3] 
(fig. 1). Historically, the revolution was the 
Kurosaka screw [4] (fig. 2).

Fixation strength is especially important on the 
tibial side, which is usually the site of fixation 
failure, because the metaphyseal region of the 
tibia has less bone density than the femur and 
the graft experiences forces that are more 
collinear within the tibial tunnel [5].

Efficiency of graft fixation depends on the 
characteristics of the fixation devices, on the 
site of fixation (aperture or nonaperture), on the 
density of the bone (tibia or femur) and on the 
type of graft.

Fig. 1: From Kousa and coworkers [3]



GRAFT FIXATION

77

Currently, available fixation options include 
interference screws (metal and bioabsorbable), 
staples, suture and post, cross pins, expansion 
bolts, suspension devices (cortical, cancellous 
or cortical cancellous), or even an implant-free 
press-fit fixation technique. All these fixation 
devices have an ultimate load failure that 
exceeds the 450 N safe early physiological 
loading threshold proposed by Noyes and 
coworkers (Table 2).

FEMORAL FIXATION

For Bone Patellar Tendon Bone (BPTB) graft, 
most surgeons prefer to use interference screws 
because it results in the creation of a stiffer 
construct. Interference screws were initially in 

Fig. 2: From Kurosaka 
and coworkers [4]

Fixation Ultimate Load to Failure (N) Stiffness (N/m)

Patellar tendon

Metal interference screw 558 -

Biobsorbable interference screw 552 -

Soft tissue (Femoral)

Bone MulchTM Screw (Biomet. Inc.) 1.112 115

EndoButton® (Smith & Nephew Endoscopy) 1.086 79

RigidFix® (DePuy Synthe) 868 77

SmartScrew® ACL (ConDed Linvatec) 794 96

BioScrew® (ConMed Linvatec) 589 66

RCITM Screw (Smith & Nephew Endoscopy) 546 68

Soft tissue (Tibial)

Intrafix® (DePuy Synthes) 1.332 223

WasherLocTM (Arthrotek) 975 87

Tandem spiked washer (Arthrotek) 769 69

SmartScrew® ACL 665 115

BioScrew® 612 91

SoftSilkTM (Acufex Microsurgical. Mansfield, MA) 471 61

Table 2: From West and coworkers [5]
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metal but are now available in bioabsorbable 
material. They have the same initial strength 
and ease of insertion but the bioabsorbable 
screws have several advantages, including 
MRI compatibility, decreased risk of graft 
laceration and facilitation of revision surgery. 
However, they have also disadvantages, 
including screw breakage, foreign body 
reaction and increased cost [5].

Cross-pin fixation [6] can be used with results 
similar to interference screws but with the risk 
of bone plugs fracture if the bone plug size is 
less than 9mm.

Suspensory device can also be used.
In Lyon, we like to use the “Chambat” method 
which consist of a press-fit fixation without any 
material, with good fixation strength [7].

For hamstring and other soft tissue graft, as for 
BPTB, you can use suspensory fixation devices, 
cross-pin fixation and interference screws.

Endobutton (Smith and Nephew) is a cortical-
based suspensory fixation device that has 
enjoyed a great popularity with good 
biomechanical results and clinical outcomes 
[8] (Table 3). One concern of this device is 
widening of the tunnel greater than with 
aperture fixation. One hypothesis is more graft-
bone motion known as “bungee-effect” even if 
Brown and coworkers showed no difference in 
graft-bone motion between suspensory and 
aperture fixation in their cadaveric study [8].

New adjustable suspensory devices such as 
Tightrope (Arthrex) and Togglelock (Biomet) 
seem to have a problem of lengthening greater 
than 3mm in a recent study [9].

Cross-pin fixation such as RigidFix (Depuy 
Synthes) and TransFix (Arthrex) have shown 
similar results compared to the Endobutton [1].
The advantage of suspensory or cross-pin 
fixation is a better contact between the graft 
and the tunnel.

Variable

Bio-
Interference

Screw
8 X 23mm

EndoButton.
EndoButton

Tape
20mm

EndoButton
Continuous

Loop
20mm

LinX HT
Bone 
Mulch
Screw

TransFix PT Screw
7 X 25mm

PT 
Suture
Button

Steady-state 
graft-

bone motion 
(mm)

0.35 ± 0.15
n = 9

0.55 ± 0.17
n = 7

0.51 ± 0.14
n = 7

0.54 ± 0.27
n = 7

0.36 ± 0.08
n = 8

0.44 ± 0.23
n = 9

0.34 ± 0.15
n = 7

0.67 ± 0.17
n = 10

Maximum 
Graft-Bone 

displacement 
after

1.000 cycles 
(mm)

4.34 ± 3.16
n = 7

5.82 ± 1.81
n = 7

2.13 ± 0.26
n = 6

2.20 ± 0.95
n = 7

2.24 ± 0.53
n = 7

2.37 ± 1.43
n = 7

1.53 ± 0.42
n = 5

4.42 ± 1.53
n = 8

Graft-bone 
displacement

After 
20 cycles 

(% of max)

42 %
n = 7

79 %
n = 7

72 %
n = 6

71 %
n = 7

70 %
n = 7

59 %
n = 7

62 %
n = 5

75 %
n = 9

Ultimate 
failure load

(N)

562 ± 69
n = 9

644 ± 91
n = 10

1.345 ± 179
n = 11

687 ± 129
n = 10

977 ± 238
n = 10

934 ± 296
n = 10

710 ± 224
n = 8

664 ± 132
n = 10

Linear 
stiffness
(N/mm)

257 ± 37
n = 9

182 ± 20
n = 10

179 ± 39
n = 11

230 ± 32
n = 10

257 ± 50
n = 10

240 ± 74
n = 10

298 ± 36
n = 8

207 ± 36
n = 10

Displacement 
to failure

(mm)

3.00 ± 0.66
n = 9

6.27 ± 2.16
n = 10

9.89 ± 2.41
n = 11

3.74 ± 1.05
n = 10

6.49 ± 2.66
n = 10

7.37 ± 371
n = 10

3.17 ± 0.87
n = 8

6.02 ± 2.47
n = 10

Table 3: From Brown and coworkers [8]



GRAFT FIXATION

79

TIBIAL FIXATION

For BPTB graft, as for femoral fixation, 
interference screws are more commonly used 
but staples and screw post and suture can also 
be used.

For hamstring and other soft tissue grafts, 
similar to bone plug fixation, soft tissue fixation 
on the tibial side can be achieved with the use 
of interference screws, staples, a screw and 
washer, or a screw post and suture.

But this is usually the site of fixation failure 
mostly by slippage because there is no bone plug 
and it seems that a double fixation should be the 
best option when using screw fixation. Another 
option may be the use of adjustable suspensory 
device such as Tightrope (Arthrex) or Pull-up 
(SBM), for example, but further studies are 
needed to evaluate these devices on the tibial 
side and to be sure there is no distension.

Robert and coworkers have shown in an in 
vitro study the superiority of the tape locking 
screw (TLS FH Orthopedics) and the Delta 
Screw (Arthrex) over the Washerlock (Biomet) 
and Tightrope (Arthrex), but further clinical 
studies are needed [10].

CONCLUSION

Actually, there is no ideal fixation devices.
For fixation of bone plugs, interference screws 
remain the gold standard.

The surgeon can either use a metal or a 
bioabsorbable screw.

There is currently no recognized gold standard 
for soft tissue fixation, and the surgeon is 
encouraged to weigh the risks and benefits of 
using different devices.
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INTRODUCTION

Which graft is the best for anterior cruciate 
ligament (ACL) reconstruction? The literature 
is replete with studies attempting to answer this 
seemingly simple question, yet no definitive 
conclusion has been reached. The reason for 
lack of consensus is found not in the quality of 
the studies attempting to answer this question, 
but in the question itself. There is no “best” 
ACL graft any more than there is a “best” type 
of food. Each graft has its advantages and 
disadvantages. Our responsibility as surgeons 
and researchers is to identify and communicate 
the advantages and disadvantages of each graft 
to our patients to arrive at an informed decision. 
Thus, the question we should be asking is 
“Which graft is the best for this patient?”

The answer to this question is based on both 
patient and surgeon factors. Patient physical 
factors including age, activity level, height and 
weight, and prior graft harvests must be 
considered, along with patient preferences 
regarding time to return to sport, concerns 
about scar and cosmesis, and possible 
complications of each graft type. Surgeon 
factors including familiarity with graft harvest 
and fixation techniques must also be considered. 

Most importantly, these decisions should be 
firmly grounded in data from the literature.

ALLOGRAFT VERSUS 
AUTOGRAFT

When narrowing down the choice of graft, 
the first question is whether to utilize allograft 
or autograft tissue. Autograft is the gold 
standard for ACL reconstruction, while 
allograft has inherent advantages and 
disadvantages. On the positive side, allograft 
certainly reduces harvest site morbidity and 
early post-operative pain. Concerns about 
allograft include disease transmission, low 
availability in some countries, and increased 
failure risk in certain populations. Allograft 
tissue has been associated with increased 
failure risk in younger, more active patient 
populations [4, 9] while allograft has yielded 
similar results to autograft in older patients 
[11]. The MARS group similarly demonstrated 
poorer outcomes in young, active patients who 
underwent revision ACL reconstruction with 
allograft tissue [12]. Further, when using 
allograft, one must has a clear understanding of 
the processing of the graft as certain sterilization 

GRAFT CHOICE AND RESULTS: 
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techniques, particularly high-dose gamma 
irradiation have been shown to decrease graft 
strength [13].

AUTOGRAFT CHOICE

The question of whether hamstring or patellar 
tendon autograft yields better outcomes 
following ACL reconstruction is one of the 
most researched and contested questions in 
orthopaedic sports medicine. Numerous 
systematic review articles have yielded 
conflicting findings over the years regarding 
which graft is best, but most demonstrate no 
clear difference in outcomes [6]. A detailed 
review at the data reveals several differences 
between the grafts, some of which has been 
further confirmed by large cohorts and 
registries.

The most common question is whether a 
difference in failure risk exists between these 
grafts. A systematic review of eight prospective 
studies with minimum 5-year follow-up from 
2011 demonstrated a trend toward increased 
failure risk with hamstring grafts (odds ratio 
1.59, 95% confidence interval: 0.79 - 3.22) that 
did not reach statistical significance [6]. A 
recent systematic review limited to only high 
quality randomized controlled trials (6 studies) 
demonstrated an increased failure risk in the 
hamstring group (15.8%) relative to the 
patellar tendon group (7.2%) (p=0.02) [15]. 
Several large registries have recently published 
data regarding differences in failure risk 
between hamstring and patellar tendon 
autografts. The Scandinavian ACL registries, 
together reporting on 45,998 primary ACL 
reconstructions, noted the risk of revision 
surgery in the hamstring autograft group was 
1.59 (95% CI, 1.35-1.89) times that of the 
patellar tendon group [3]. They noted elevated 
risk with hamstring graft across all age groups, 
but noted the effect to be greater in patients 
participating in cutting and pivoting sports. 
The MOON group in the US noted a similar 

odds ratio for graft failure with a hamstring 
autograft versus patellar tendon autograft 
(1.60; 95% CI, 0.89-2.90) in 2683 knees, but 
the finding did not reach statistical significance 
(p=0.12) [5]. The Kaiser database in California 
noted that patients under age 21 had a 1.61 
times (95% CI, 1.20-2.17) higher risk of graft 
failure when treated with a hamstring autograft 
compared to the patellar tendon autograft [9]. 
Interestingly, they noted no such difference in 
older patients.

Numerous factors do and should play a role in 
graft selection beyond absolute failure risk. 
Knee laxity as measured with the Lachman and 
especially pivot-shift may be less in patients 
reconstructed with patellar tendon grafts [6, 
17]. The clinical relevance of these findings is 
not completely clear as these data have not 
been demonstrated to translate into improved 
patient-reported outcome score. Systematic 
review data are clear that patients who undergo 
reconstruction with patellar tendon grafts are at 
increased risk of anterior knee pain and 
kneeling pain a 5-year minimum follow-up 
compared to those treated with hamstring 
autograft [6, 17]. While data are less consistent, 
patients reconstructed with patellar tendon 
autograft may also have increased risk of 
development of osteoarthritis than those treated 
with hamstring grafts [6, 18].

Quadriceps tendon grafts have been gaining in 
popularity in recent years as many feel they 
are able to provide results similar to those 
obtained with patellar tendon autografts 
without the associated morbidity of a patellar 
tendon graft harvest. A recent review by Stone 
et al. that included 1154 quadriceps autograft 
ACL reconstructions demonstrated the safety 
of the graft and preliminarily confirmed the 
comparable results and decreased morbidity of 
this graft choice relative to patellar tendon 
grafts [16]. Larger studies and more experience 
with this graft are needed for a definitive 
assessment of failure risk and potential 
morbidity of this graft choice.
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CONSIDERATIONS FOR 
SPECIFIC GRAFT TYPES

Allograft

Advantages of allograft include faster surgery 
and less harvest site morbidity. Increased 
failure risk has been noted in young active 
patients, particularly if irradiated tissue is 
used [13]. Although exceeding rare, patients 
should be counseled about possible disease 
transmission via allograft. Bacterial infection 
risk with allograft is comparable to that noted 
after autograft ACL reconstruction.

Patellar Tendon Autograft

Patellar tendon grafts have long been 
considered the gold standard for ACL 
reconstruction. They consistently have similar 
or lower failure risk compared to all other graft 
types. The risk of anterior knee pain at mini
mum 5 years following ACL reconstruction is 
between 25 and 38%, while the risk of kneeling 
pain at this time point has been reported from 
19 to 72% [6]. The risk of osteoarthritis at 
minimum of 5 years following ACL 
reconstruction varies greatly (9 to 72%) and 
may be slightly higher than that noted with 
other graft types, particularly in the 
patellofemoral joint [6, 18]. Patellar tendon 
harvest is typically associated with larger scars 
than hamstring tendon autograft, although 
techniques exist to harvest that graft through 
smaller transverse incisions with improved 
cosmesis.

Hamstring Autograft

Hamstring autograft has been shown in 
numerous studies to yield similar patient-
reported outcomes to patellar tendon grafts, but 

may be associated with slightly increased 
failure risk, particularly in younger, more 
active patients. A major concern with hamstring 
autografts is the influence of graft size on 
outcome. Grafts smaller than 8 to 8.5mm in 
diameter have been associated with increased 
failure risk relative to larger hamstring 
autografts in young active patients [8, 10, 14]. 
The intra-operative problem of a small 
hamstring graft can be solved in multiple ways, 
including folding the graft differently to 
increase diameter, switching to a different 
autograft source, or adding allograft tendon to 
the small graft to increase its diameter [7].

Early data suggest that allograft augmentation 
may be associated with failure risks comparable 
to those encountered with the use of small 
grafts [1].

Quadriceps Autograft

Quadriceps autograft has excellent potential as 
a graft choice for ACL reconstruction as it can 
minimize harvest morbidity and provide 
outcomes similar to those of other autografts 
[16]. Harvest site cosmesis is a concern with 
this graft, particularly if a long, vertical 
incision is used for harvest. Minimally invasive 
harvest techniques that utilize specialized 
instrumentation allow harvest through a 
smaller transverse incision with improved 
cosmesis [2].

CONCLUSION

Numerous graft choices are available for ACL 
reconstruction and there is no one graft type 
that is ideal for all patients. Surgeons and 
patients should discuss the relative risks and 
benefits of each graft type and select the most 
appropriate graft for each patient based on all 
these considerations.



R.A. MAGNUSSEN

84

LITERATURE

[1] BURRUS MT, WERNER BC, CROW AJ, et al. 
Increased Failure Rates After Anterior Cruciate Ligament 
Reconstruction With Soft-Tissue Autograft-Allograft Hybrid 
Grafts. Arthroscopy Dec 2015; 31(12): 2342-51. PMID: 
26276093.
[2] FINK C, HERBORT M, ABERMANN E, HOSER C. 
Minimally invasive harvest of a quadriceps tendon graft with 
or without a bone block. Arthrosc Tech Aug 2014; 3(4): 
e509-513. PMID: 25264512.
[3] GIFSTAD T, FOSS OA, ENGEBRETSEN L, et al. 
Lower risk of revision with patellar tendon autografts 
compared with hamstring autografts: a registry study based 
on 45,998 primary ACL reconstructions in Scandinavia. Am 
J Sports Med Oct 2014; 42(10): 2319-28. PMID: 25201444.
[4] KAEDING CC, AROS B, PEDROZA A, et al. Allograft 
Versus Autograft Anterior Cruciate Ligament Reconstruction: 
Predictors of Failure From a MOON Prospective 
Longitudinal Cohort. Sports Health. Jan 2011; 3(1): 73-81. 
PMID: 23015994.
[5] KAEDING CC, PEDROZA AD, REINKE EK, HUSTON 
LJ, SPINDLER KP. Risk Factors and Predictors of 
Subsequent ACL Injury in Either Knee After ACL 
Reconstruction: Prospective Analysis of 2488 Primary ACL 
Reconstructions From the MOON Cohort. Am J Sports Med. 
Jul 2015; 43(7): 1583-90. PMID: 25899429.
[6] MAGNUSSEN RA, CAREY JL, SPINDLER KP. Does 
autograft choice determine intermediate-term outcome of 
ACL reconstruction? Knee Surg Sports Traumatol Arthrosc. 
Mar 2011; 19(3): 462-72. PMID: 20953764.
[7] MAGNUSSEN RA, KAEDING CC, TAYLOR DC. 
Solutions to small hamstring autograft harvest: A survey of 
the ACL Study Group. Current Orthop Practice. 2015; 
26(1): 42-44. PMID.
[8] MAGNUSSEN RA, LAWRENCE JT, WEST RL, TOTH 
AP, TAYLOR DC, GARRETT WE. Graft size and patient 
age are predictors of early revision after anterior cruciate 
ligament reconstruction with hamstring autograft. 
Arthroscopy. Apr 2012; 28(4): 526-31. PMID: 22305299.
[9] MALETIS GB, CHEN J, INACIO MC, FUNAHASHI 
TT. Age-Related Risk Factors for Revision Anterior Cruciate 
Ligament Reconstruction: A Cohort Study of 21,304 Patients 
From the Kaiser Permanente Anterior Cruciate Ligament 
Registry. Am J Sports Med. Feb 2016; 44(2): 331-6. PMID: 
26637284.
[10] MARISCALCO MW, FLANIGAN DC, MITCHELL J, 
et al. The influence of hamstring autograft size on patient-

reported outcomes and risk of revision after anterior cruciate 
ligament reconstruction: a Multicenter Orthopaedic 
Outcomes Network (MOON) Cohort Study. Arthroscopy. 
Dec 2013; 29(12): 1948-53. PMID: 24140144.
[11] MARISCALCO MW, MAGNUSSEN RA, MEHTA D, 
HEWETT TE, FLANIGAN DC, KAEDING CC. Autograft 
versus nonirradiated allograft tissue for anterior cruciate 
ligament reconstruction: a systematic review. Am J Sports 
Med. Feb 2014; 42(2): 492-9. PMID: 23928319.
[12] MARS. Effect of graft choice on the outcome of 
revision anterior cruciate ligament reconstruction in the 
Multicenter ACL Revision Study (MARS) Cohort. 
Am  J  Sports Med. Oct 2014; 42(10): 2301-10. PMID: 
25274353.
[13] PARK SS, DWYER T, CONGIUSTA F, WHELAN DB, 
THEODOROPOULOS J. Analysis of irradiation on the 
clinical effectiveness of allogenic tissue when used for 
primary anterior cruciate ligament reconstruction. 
Am J Sports Med. Jan 2015; 43(1): 226-35. PMID: 24477819.
[14] PARK SY, OH H, PARK S, LEE JH, LEE SH, YOON 
KH. Factors predicting hamstring tendon autograft diameters 
and resulting failure rates after anterior cruciate ligament 
reconstruction. Knee Surg Sports Traumatol Arthrosc. May 
2013; 21(5): 1111-8. PMID: 22688502.
[15] REINHARDT KR, HETSRONI I, MARX RG. Graft 
selection for anterior cruciate ligament reconstruction: a 
level I systematic review comparing failure rates and 
functional outcomes. Orthop Clin North Am. Apr 2010; 
41(2): 249-62. PMID: 20399364.
[16] SLONE HS, ROMINE SE, PREMKUMAR A, 
XEROGEANES JW. Quadriceps tendon autograft for 
anterior cruciate ligament reconstruction: a comprehensive 
review of current literature and systematic review of clinical 
results. Arthroscopy. Mar 2015; 31(3): 541-54. PMID: 
25543249.
[17] XIE X, LIU X, CHEN Z, YU Y, PENG S, LI Q. A meta-
analysis of bone-patellar tendon-bone autograft versus four-
strand hamstring tendon autograft for anterior cruciate 
ligament reconstruction. Knee. Mar 2015; 22(2): 100-10. 
PMID: 25547048.
[18] XIE X, XIAO Z, LI Q, et al. Increased incidence of 
osteoarthritis of knee joint after ACL reconstruction with 
bone-patellar tendon-bone autografts than hamstring 
autografts: a meta-analysis of 1,443 patients at a minimum 
of 5 years. Eur J Orthop Surg Traumatol. Jan 2015; 25(1): 
149-59. PMID: 24748500.



85

INTRODUCTION

The quality, tension and position of the 
graft within the femoral and tibial tunnels, 
are of prime importance for success of anterior 
cruciate ligament (ACL) reconstruction. 
Complications of harvest sites can impact the 
graft quality as well as postoperative outcomes. 
We hereby describe the complications 
depending on the time of their onset on and on 
the surgical technique used.

INTRA-OPERATIVE 
COMPLICATIONS

Kenneth Jones (KJ) procedure with 
bone-patellar tendon-bone (BPTB) 
graft

Graft too thin/narrow

•	It is typically recommended to harvest a graft 
9 mm wide. In the past, double-bladed 
bistouries produced narrower grafts, 
measuring 7 to 8 mm.

•	Insufficient graft width was also described 
following double-incision techniques, due to 
the surgical instrumentation used, and to 

limited visibility of the patellar tendon during 
harvesting (fig. 1).

‘Stripping’ of tendon near the patella

Incorrect use of gouge chisels, particularly 
superficial insertion near the patella, could lead 
to detachment of the patellar tendon from its 
insertion site. In such cases, the tendon graft does 
not incorporate a full bone plug, but rather pre-
patellar bone fragments. This complication could 
compromise fixation within the bone tunnels.

GRAFT HARVESTING 
COMPLICATIONS IN ANTERIOR 

CRUCIATE LIGAMENT 
RECONSTRUCTION

J. CHOUTEAU

Fig. 1: Bone-Patellar Tendon-Bone (BTPB) graft 
with thinning after harvesting using a double 
incision approach.
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Fracture of the bone plug

Both femoral and tibial bone plugs could break, 
either during graft harvesting, or while drilling 
traction holes.

Fracture of the patella

Harvesting the patellar bone plug could lead to 
intra-operative patellar fracture particularly in 
cases of very dense bone. Chouteau & al. 
described a technique in which two holes are 
drilled either side of the horizontal saw line of 
the patella, to limit the risks of pre- and post-
operative patellar fracture [1].

Hamstrings Tendon graft procedures

The tibial insertion of the hamstrings tendon 
(HT) is highly variable. It can be spread out to 
different extents, and the tendinous portion 
could start more or less distally, and could be 
difficult to locate. Adhesions and septum 
between the tendons could complicate their 
harvesting. The vincula, combining tendons 
and aponevrosis, can also present traps during 
stripping. They can lead to wrong way and 
insufficient graft length.

There are various intra-operative complications 
that can occur while harvesting the hamstrings 
tendon.

Wrong way of stripper

In most cases, this complication arises due to 
an unsectioned vinculum that deviates the 
stripper and yields a short harvested graft.

Tendon retraction during stripping 
and subsequent graft loss

This complication occurs in case of tendon 
detachment from its distal insertion and 
requires use of a closed stripper. The tendon 
could retract and get lost in case of stripper 
blockage over an adhesion.

Inability to detach the tendon distally 
over dense periosteum

This complication occurs if the surgeon uses a 
retrograde harvesting technique through 
postero-medial cutaneous incision. It therefore 
requires an antero-medial counter-incision to 
liberate the distal tendon insertion.

Absence of semitendinosus tendon 
leading to use of gracillis alone

This complication could occur, and cannot be 
anticipated, just as the presence of a double 
gracillis tendon, that could be short and/or thin, 
therefore unusable.

Insufficient size of harvested graft

This complication occurs relatively rarely, with 
the possibility of performing a multibrin 
transplant of the semitendinosus tendon. 
Nevertheless, in such cases conversion to a 
KJ procedure may be necessary.

POST-OPERATIVE 
COMPLICATIONS

Post-operative complications are chiefly 
related to of sensitive subcutaneous troubles. 
The positioning and coverage of deficient 
zones depend on the graft type (fig. 2). They 
were clearly described by Dejour (symposium 
of the Société Française d’Arthroscopie in 
2007) who reported that 68% of patients 
present a hypoesthesia over a mean area of 
11.2 cm2 using the KJ technique, compared to 
32% over a mean area of 9 cm2 using the 
HT technique [2].

Anterior pains are difficult to characterize and 
are equally frequent. Dejour [2] reported 33% 
for KJ techniques, compared to 25% for HT 
techniques. Zaffagnini also found significant 
differences between the two techniques, 36% 
using KJ compared to 12% using the HT [3]. In 
this study, they are particularly frequent during 
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kneeling after KJ techniques (72%) but also 
surprisingly frequent for HT techniques (44%). 
The literature reports numerous different 
causes for anterior pains.

Post-operative complications after 
semitendinosus grafts from the HT

Muscle lesions, notably elongation or short 
tears, have been observed in the graft harvest 

zone. Such complications require adjustment 
of the rehabilitation program, particularly 
muscle reinforcement exercises.

Postoperative complications after KJ 
procedures

•	Patellar fractures could occur post-
operatively. Chouteau & al. reported an 
incidence of 0.24% in a consecutive series of 
1234 ACL reconstructions [1].

•	Patellar tendon pathologies are well reported 
and understood. They are usually treated 
through a multidisciplinary approach with the 
recent use of isokinetic techniques.

CONCLUSION

Iatrogenic complications of graft harvesting 
during ACL reconstruction remain relatively 
rare. Nevertheless, their incidence can have 
significantly impact patient satisfaction and 
functional outcomes. They can be avoided, 
ideally through rigorous and meticulous 
surgical techniques.

Fig. 2: Incidence of sensitive troubles using 
different techniques (according to Dejour [2]).
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SUMMARY

Introduction

The outcome of ACL (anterior cruciate 
ligament) reconstruction relates directly to the 
positioning of the graft and therefore the 
positioning of the tunnels. When drilling the 
femoral tunnel (FT), the use of in-out tech
niques with standard rigid instrumentation via 
an antero-medial portal may result in a 
perforation of the posterior cortex, cause 
common peroneal nerve damage and produce 
a femoral tunnel that is too short. To correctly 
antevert the femoral tunnel and therefore 
limit such risks, flexing the knee more than 
110° is recommended, which, in turn, may 
cause potential surgical problems. Flexible 
instrument technology is supposed to require 
less knee flexion than the antero-medial portal 
to position the anatomic femoral tunnel with 
greater length and with less potential for 
injury compared with rigid instrumentation. 
The goal of our study was to evaluate this 
ability. For this reason we compared the 
anteversion and length of the FT drilled via an 
antero-medial portal using a rigid system with 
a knee flexion of 120° and a flexible system 
with a 90° flexion.

Population and method

 We conducted a prospective, comparative and 
randomised study on a population of 86 
individuals having undergone single-bundle 
ACL reconstruction surgery, performed by a 
single surgeon, using two techniques to drill 
the femoral tunnel: the first technique used 
rigid instrumentation with the knee flexed at 
120° (Rigid Population); the second technique 
used flexible instrumentation with the knee 
flexed at 90° (Flexible Population). We 
compared the morphometric features of these 
two populations (size, gender), the length of 
the femoral tunnel measured during the 
operation and the positioning of the femoral 
tunnel measured on post-operative X-rays.

Results

The Flexible and Rigid Populations were 
comparable (no significant differences) in 
terms of:
-	number (Rigid: n=37; Flexible: n=43),
-	sex (Rigid and Flexible: 67% men and 33% 

women),
-	height of individuals (Rigid: mean = 174cm 

[162-190] ; Flexible: mean = 176cm [158-194]),

ANTEVERSION AND LENGTH OF 
THE FEMORAL TUNNEL IN ACL 
RECONSTRUCTION: Comparison 

between rigid and flexible 
instrumentation

F. WEIN
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However, the length of the femoral tunnel was 
significantly (p<0.05) longer in the Flexible 
population (Rigid: 34mm [25-45]; Flexible: 
41mm [35-50]), as was the anteversion (Rigid: 
20° [5-25]; Flexible: 40° [35-45]).

Discussion/Conclusion

The use of the antero-medial portal and rigid 
instrumentation to correctly position the 
femoral tunnel may cause problems during 
surgery (e.g. the need to flex the knee by more 
than 110°). The results of this study show that 
it is possible to avoid these problems during 
surgery by using flexible instrumentation, as it 
allows the femoral tunnel to be placed in an 
ideal position with the knee flexed at 90°.

INTRODUCTION

The results of anterior cruciate ligament 
reconstruction primarily depend on the anatomic 
intra-articular positioning of the transplant. As 
we now have a better understanding of the 
anatomy of the ACL, the ideal positioning of the 
transplant is well established.

When drilling the femoral tunnel, the surgeon 
must therefore endeavour to place the femoral 
tunnel aperture as close as possible to the 
insertion site of the native ACL. For this, two 
aimer methods are available: an out-in method 
and an in-out method. For in-out aimers, two 
portals are possible: a transtibial portal, where 
the femoral aimer is inserted into the tibial tunnel; 
and an antero-medial portal, where the aimer is 
inserted via an antero-medial instrument portal.

Several publications have reported a high rate 
of incorrect positioning of the femoral tunnel in 
the notch when using the transtibial portal, 
which, in most cases, resulted in an excessively 
medial and anterior positioning. However, 
there is a risk with the antero-medial portal, 
which is more tangential to the axis of the 
femur, of causing common peroneal nerve 
damage [1-3] when placing the guide pin, or of 
perforating the posterior cortex when drilling 
the tunnel [1, 2, 4] or of drilling a femoral 

tunnel that is too short [1, 4], which may 
compromise the fixation and osseointegration 
of the transplant. To antevert the femoral tunnel 
and therefore limit such risks, flexing the knee 
beyond 110° [2, 5] is recommended when 
placing the guide pin and drilling.

However, the following problems may be 
encountered when flexing the knee beyond 110° 
during the surgery [1, 4, 5]: difficulties 
performing on obese patients, gradual closure of 
the antero-medial portal when increasing the 
flexion of the knee, problems visualising the 
joint and femoral footprint, risk of ovalisation of 
the femoral tunnel and internal condyle lesions.

The benefit of using flexible instrumentation 
(flexible pin and flexible reamer) is precisely to 
avoid such surgical problems, as it allows 
satisfactory anteversion of the femoral tunnel 
without hyperflexion of the knee [6-8]. In fact, 
with this instrumentation, the orientation of the 
femoral tunnel is guided by the direction of the 
guide pin, which is flexible and inserted via an 
aimer with an extremity angled at 42°; 
consequently, with the knee flexed at 90°, the 
guide pin and the femoral tunnel should be 
anteverted at 42°.

Flexible instrument technology is supposed to 
require less knee flexion than the antero-medial 
portal to position the anatomic femoral tunnel 
with greater length and with less potential for 
injury compared with rigid instrumentation. The 
goal of our study was to evaluate this ability.

We compared the anteversion and length of the 
femoral tunnel drilled using two different 
techniques; one technique used rigid instru
mentation with the knee flexed at 120° while 
the other used flexible instrumentation with the 
knee flexed at 90°.

PATIENTS AND METHODS

Patients: This was a prospective, comparative, 
randomised and monocentric study involving 
a continuous series of 80 single-bundle ACL 
reconstructions, at the middle-third patellar 
tendon, carried out by a single surgeon from 
May 2012 to December 2013. Using the 
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antero-medial portal, we compared two 
femoral tunnel-drilling techniques: the first 
technique used rigid instrumentation with the 
knee flexed at 120° (Rigid Population) and the 
second used flexible instrumentation with the 
knee flexed at 90° (Flexible Population). 
Excluded from the study were: revision of 
ligament reconstructions, ligament reconstruc
tions with an extra-articular lateral tenodesis, 
ligament reconstructions of hamstring tendons 
and double-bundle ligament reconstructions.

Surgical technique and instruments

Patients were positioned with their leg hanging 
down and their thigh placed on a leg holder. An 
arthroscopic investigation confirmed the 
ligament rupture.

The femoral tunnel was drilled via the antero-
medial portal using rigid or flexible 
instrumentation, as determined by rando
misation. The two Rigid and Flexible 
instruments were from the same Versi-Tomic® 
system (Stryker®) (fig. 1, 2).

Regarding the Rigid instrumentation, the knee 
was flexed at 120°; the rigid guide pin was 
inserted into the femur using an aimer offset by 
6mm hooked behind the lateral condyle. The 
femoral tunnel was then drilled 10mm using a 
rigid reamer following the axis of the guide pin.

Regarding the flexible instrumentation, the 
knee was flexed at 90°; an aimer hooked behind 
the lateral condyle and offset by 6mm was 
used; however, its articular extremity was 
anteverted at 42° thereby providing the flexible 
pin with a 42° forwards angularity; during the 
drilling, the 10mm flexible reamer then 
followed the direction imposed by the pin.The 
tunnels were blind-ended in both cases, and an 
endobutton systematically used for fixation.

Evaluation method

The height of the patient was measured during 
the pre-surgical consultation.

The length of the femoral tunnel was measured 
during the procedure by directly reading the 
gauge intended for this purpose (fig. 3). The 
positioning of the femoral tunnel was measured 
on the post-surgical radiography profile, by an 
independent operator (radiologist) (fig. 4).

Fig. 2: Flexible instruments

Fig. 1: Rigid instruments
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Statistical method

IBM SPSS Statistics software was used for 
the statistical analysis. A Chi2 test was used 

to compare the qualitative data and Kruskall-
Wallis and Mann/Whitney tests to compare 
the quantitative data. The alpha threshold 
was 5%.

RESULTS

Pre-surgical features of the two 
populations

The Rigid Population was composed of 37 
patients: 25 men (67%) and 12 women (33%); 
the Flexible Population was composed of 
43  patients: 29 men (67%) and 14 women 
(33%). These two populations were considered 
comparable in terms of numbers (p=0.6) and 
gender (p=0.8).

The mean height of individuals in the Rigid 
Population group was 174cm [162-190]; the 
mean height of individuals in the Flexible 
Population group was 176cm [158-194]. These 
two populations were considered comparable 
in terms of height (p=0.8).

Length and anteversion of the 
femoral tunnel

The length of the femoral tunnel in the Rigid 
Population was 34mm [25-45]; its mean length 
was 41mm [35-50] in the Flexible Population; 
this difference was considered as significant 
(p=0.0001).

The mean anteversion of the femoral tunnel in 
the Rigid Population was 20° [5-25]; it was 40° 
[35-45] in the Flexible population; this 
difference was considered as significant 
(p=0.0001) (fig. 5 and 6).

Fig. 3: Femoral tunnel measure

Fig. 4: Anteversion measure
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DISCUSSION

The lesions described when drilling the femoral 
tunnel, via the antero-medial portal, using rigid 
instrumentation are 1) lesions of the posterior/
external structures when passing the guide pin 
[1-3] and 2) perforation of the posterior bone/
cartilage [1, 2] during the drilling.

On cadaveric knees, using the rigid 
instrumentation, Basdekis et al. [5] 
systematically reported contact between the 
guide pin and the posterior cortex with a 90° 
flexion and, Steiner et al. [6], reported a 50% 
perforation of the posterior cortex at 110° of 
flexion. Clinically, this violation of the 
posterior femoral cortex could compromise 
graft fixation and healing.

Hall et al. [3] assessed the relationship between 
knee flexion and the risk of the common 
peroneal nerve injury. The mean distance from 
the guide pin at 120° of flexion was 44.3mm, 
compared with 28.6mm at 90° of flexion and 
22.8mm at 70° of flexion. The differences 
between all 3 groups were statistically 
significant.

The other risk mentioned when using the 
antero-medial portal was producing too short a 
femoral tunnel [1, 4], which could potentially 
compromise the fixation and osseointegration 
of the transplant. A minimum femoral tunnel 
length for ACL reconstruction has not been 
established, but a minimum length of 25mm 
for interference screw fixation and a minimum 
length of 35mm for suspensory-type fixation 
have been suggested [7, 9].

However, in the antero-medial portal technique, 
with rigid pins, the length of the femoral tunnel 
is often inadequate, particularly when the knee 
is not in hyperflexion. Basdekis et al. [5] 
compared the length of the femoral tunnel 
according to the knee flexion; at a flexion of 
90°, the length of the tunnel was 27mm; while 
at 110°, 130° and at maximum flexion, the 
mean length was approximately 39mm.

Fig. 5: Pos-op X-Ray with rigid instruments

Fig. 6 : X-Ray with flexible instruments
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To avoid perforating the posterior cortex, 
damaging the nerves and drilling a femoral 
tunnel that is too short, it is recommended that 
the knee should be flexed at 110° or more [3, 
5]. However, as Lubowitz [1] points out, 
positioning the knee in hyperflexion during 
ligament reconstruction raises operative 
challenges: “inability to maintain the position 
of a properly seated aimer when the knee is 
brought into the requisite, hyperflexion 
position; difficulty bringing the acorn reamer 
over the Beath pin and through the AM portal 
with the knee in hyperflexion, because 
hyperflexion causes the portal to tighten; 
difficulty avoiding iatrogenic damage to the 
cartilage of the medial femoral condyle as the 
acorn reamer is advanced over the Beath pin in 
the hyperflexed knee; difficulty passing the 
reamer over the Beath pin because of a bend in 
the pin when the knee slips out of hyperflexion; 
difficulty visualizing the reamer because of 
ingress of the fat pad, which also occurs when 
the acorn reamer is advanced over the pin in 
hyperflexion; difficulty maintaining the position 
of the arthroscope (generally held by an 
assistant) in the hyperflexion position; difficulty 
visualizing the depth markings on the acorn 
reamer despite proper arthroscope positioning 
during socket creation, because of the 
combination of reaming debris and poor flow 
of arthroscopic fluid, which occurs in 
hyperflexion.”

It is precisely to overcome these surgical 
difficulties that it is worthwhile using 
instrumentation with a flexible system, first 
introduced by Cain and Clancy [8], as the 
positioning of the pin is achieved, not through 
changing the angle of the knee, but through the 
positioning of the aimer. The joint is easier to 
visualise [4] and the femoral tunnel easier to 
position [6].

The purpose of our study was to confirm the 
ability of the flexible system to drill a femoral 
tunnel via an antero-medial portal without the 
risk of causing posterior bone/cartilage lesions 

and common peroneal nerve damage, with the 
knee at 90°. To compare the risks involved 
when drilling the tunnel, our study measured 
the position of the femoral tunnel on post-
operative profile X-rays [10]. As the posterior 
structures are most likely to be compromised, 
we noted a correlation between the degree of 
anteversion and a lowering of the risk of 
damage to these structures.

In our work, the anteversion obtained using the 
flexible system, with a knee flexed at 90°, was 
40°; it was only 20° with the rigid system, at a 
flexion of 120°. The difference between these 
two angularities was significant.

The length of the femoral tunnel drilled with a 
flexible system was also on average 41mm, a 
length significantly longer than the one 
obtained with a rigid system at a flexion of 
120° (34mm).

Our study therefore confirmed the option of 
using flexible instrumentation via the antero-
medial portal at 90° of flexion, with a longer 
femoral tunnel and with fewer risks of posterior 
perforation of the lateral condyle and posterior/
external lesions when drilling the femoral 
tunnel compared with rigid instrumentation at 
a flexion of 120°.

CONCLUSION

With the flexible system, it is possible to drill a 
femoral tunnel via an antero-medial portal, 
with the knee flexed at 90°. This option makes 
it easier to perform ligament reconstructions, 
as the intra-articular view and surgical 
procedure are easier at 90° compared with 
higher flexion angles. With this system, the risk 
of posterior bone/cartilage lesions and common 
peroneal nerve damage, described when using 
the antero-medial portal, is lower. The femoral 
tunnel is also long enough to allow the use of 
all types of fixation and encourage good 
osteointegration.
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INTRODUCTION

The anterior cruciate ligament (ACL) is divided 
into two bundles, based on their insertion in the 
tibial footprint, the anteromedial (AM) and the 
posterolateral (PL). They are parallel in 
extension, but change into being crossed in 
flexion. AM bundle is tight in knee flexion, 
conversely PL is tight in knee extension.

The native ACL femoral footprint occupies a 
very large area, extended about 115-230mm2 
[1] and it was demonstrated that a 9 mm graft 
would cover about 33% of the footprint cross-
sectional area and 50% of the isometric profile 
of the native ACL profile [2].

Because of that it’s very difficult to duplicate 
the large anatomic footprint and surgical 
techniques that try to reproduce anatomical 
insertion represent a challenge as well for more 
experienced surgeons. Isometric point is 
located in a small area of the ACL insertion, the 
over-the-top position, sited high in the femoral 
notch. Isometric placement of the graft is easier 
to reproduce and allows avoiding change in 
graft length and tension during flexion and 
extension of the knee.

DISCUSSION

In order to understand how to restore the better 
stability and kinematics in ACL reconstruction, 
several studies have investigated about 
anatomy and biomechanics of the femoral 
insertion of the ACL.

An anatomical study [3] has demonstrated that 
femoral insertion area of ACL is a large oval 
area, whose mean length of the long axis is 
17.7 ± 2.7mm; it could be divided into a direct 
insertion with a four-layered structure and a 
two-layered indirect insertion, where Sharpey 
like fibers were found.

The direct insertion plays a more important role 
in the mechanical link between ligament and 
bone than indirect insertion. Instead indirect 
insertion is a dynamic anchorage of soft tissue 
to bone, allowing shear movements, but it has a 
weaker strength than direct insertion [4].

Kawaguchi et al. [5] has demonstrated that a 
sequential cutting of the different areas of the 
femoral ACL attachment produces a 
progressive reduction of the force required to 
realize a 6mm anterior displacement at any 
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angle of knee flexion, but analysing contribution 
of each area in resisting to anterior tibial 
displacement they founded that the central 
direct insertion area plays a primary role in 
knee antero-posterior stability. According to 
them the most important fibers to reproduce the 
action of the ACL to resist tibial anterior 
displacement attach to the central/proximal 
part of the femoral insertion, corresponding 
approximately to the AM fiber bundle. So, on 
these bases, the graft in ACL reconstruction 
should be located near the roof of the femoral 
intercondylar notch, at the centre of effort of 

ACL sited at mean of 2 hours 2 minutes 
±18minutes (clock-face position), when 
viewed through the intercondylar notch from 
posterior to anterior, parallel to the roof of the 
notch (Blumensaat’s line). This position is 
similar to the over-the-top position, as showed 
by MRI imaging (fig. 1a-1b).

ACL behaviour during passive range of motion 
was investigated by Zaffagnini et al. [6]. They 
found a very characteristic behaviour, 
inasmuch as the angles, that two bundles of 
ACL create with tibial plateau and femoral 

Fig. 1: The center of effort 
of the ACL is located at 
mean of 2 hours 2 minutes 
±18minutes (clock-face 
position), when viewed 
through the intercondylar 
notch from posterior to 
anterior, parallel to the roof 
of the notch (Blumensaat’s 
line) [5] (a). This position is 
similar to the over-the-top 
position, as showed by MRI 
imaging (b).

a

b
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notch, change during passive range of motion. 
With respect to the tibial plateau AM bundle is 
more vertical in the first 80 degrees of flexion, 
whereas PL bundle is more vertical between 
80° and 120°. Considering angle between ACL 
and femoral notch, it increases progressively 
with flexion, and at 120° of flexion AM and PL 
have the same orientation, whereas there is a 
difference in orientation of 10° at full 
extension. Comparing AM and PL bundles 
behaviour during flexion, a major increase of 
the angle of PL with femoral notch during 
flexion could be noted.

These findings suggest that ACL forms a very 
complex system and the goodness of its 
reconstruction cannot be depend only on the 
reproduction of the exact insertion location, but 
also the orientation of the graft should be 
considered. ACL creates an isotropic system, 
difficult to reproduce in ACL reconstruction; so 
the best compromise to restore normal 
biomechanics and normal kinematics after 
ACL injury is an isometric reconstruction.

The isometric placement of the graft avoids 
changes in graft length and tension during knee 
flexion and extension to avoid graft failure by 
overstretching. Several studies have shown 
that positioning the femoral tunnel position 
inside the anatomical footprint results in knee 
kinematics closer to a normal knee than 
isometric tunnel [7]. To capture the entire 
footprint, a double boundle reconstruction is 
desirable, but the greater technical expertise 
and potential for complication make it non-
universally accepted. So surgeon that decide to 
perform an anatomical femoral tunnel should 
select a portion of the native femoral attachment 
where prepare the tunnel. The rationale for an 
anatomic AM reconstruction is that the AM 
bundle is large and more isometric [8].

However Cross et al. [9], comparing antero-
medial versus central single bundle position, 
has demonstrated that two compared 
anatomical technique were equally effective in 
controlling anterior tibial translation during a 
Lachman examination, but neither is able to 
restore native knee kinematics, as indicated by 

decreased control of anterior translation of the 
lateral compartment during pivot shift.

Over the top technique associated to lateral 
plasty, described by Marcacci et al. [10], allows 
good results associating an intra-articular 
reconstruction and an extra-articular re
construction in order to reproduce the antero-
lateral ligament and its function. Positioning 
graft in over the top position reproduce the 
anatomical insertion of the major functional 
part of the ACL. It’s showed that creating a 
groove in the lateral femoral condyle at the 
junction with the roof (11 or 1 o’clock position) 
led to a modified over-the-top position with 
approximation to an isometric placement.

Long-term follow up has demonstrated good 
results in terms of rate of failure and rate of 
osteoarthritis [11].

Moreover it was demonstrated that over the top 
associated to lateral plasty provides to restore a 
good stability and kinematics of the knee: it 
reduces anterior displacement of the lateral 
compartment of the tibia and controls internal 
and external rotation at 90° of flexion [12]. It’s 
less effectiveness in controlling dynamic laxity 
than anatomic double bundle procedure, but 
it’s easier and more reliable. Moreover it’s less 
aggressive to the joint, as it doesn’t require a 
femoral tunnel and it doesn’t violate any lateral 
structure.

Furthermore McCarthy et al. [13] demonstrated 
good results of over the top technique in 
pediatric reconstruction, similar to all 
epyphiseal reconstruction.

CONCLUSION

Among several technique proposed for ACL 
reconstruction, “over the top” technique shows 
many advantages that make it the ideal surgery.
“Over the top” technique allows an isometric 
placement, respecting anatomical origin of 
ACL; not using femoral tunnel, it avoids 
malposition of the femoral tunnel and, 
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consequently, of the graft on the femur. 
Biomechanically, it ensures good results if 
compared to anatomic double boundles re
construction and other techniques. It represents 

a good option for skeletally immature patient 
and for revision cases. Finally, it’s an easy 
surgery, very reliable and cheap, because it 
doesn’t require dedicate instruments.
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INTRODUCTION

The optimal treatment of anterior cruciate 
ligament (ACL) rupture remains controversial 
in literature [1, 2]. Different techniques for 
anterior cruciate ligament reconstruction 
(ACLR) are described: trans-tibial (TT), 
outside-in (OI), inside-out (IO) and all-inside 
technique. The aim of the surgery is to restore 
the knee stability and kinematics in order to 
facilitate the return to work and sport 
activities [1].

Van eck & al. [3] define the concept of the 
“anatomic reconstruction” as the “functional 
restoration of ACL to its native dimensions, 
collagen orientation and insertion sites”. The 
principal advantage of anatomic ACL 
reconstruction is to restore the normal knee 
kinematic and stability. Several studies report 
that anatomic reconstruction more closely 
recovers normal biomechanics than does non-
anatomic reconstruction, probably reducing the 
risk of osteoarthritis [4]. In this context, the OI, 
IO and all-inside technique should be preferred 
to the TT one [2]. However, the results of these 
techniques are still controversial. Data from the 
Danish Knee Ligament Reconstruction 
Register show that the relative risk for revision 
ACL surgery in IO group is 2,04 compared to 
the TT group. This finding could be explained 

because the IO procedure is more technically 
demanding, thus some technical errors may 
lead to a non anatomical reconstruction [5]. 

SURGICAL TECHNIQUE

The patient is prepared for general or local-
regional anaesthesia, placed in the supine 
position on the operating table. The tourniquet 
is positioned on the proximal thigh. The knee is 
placed at 90° flexion with a foot-rest and a 
lateral thigh post. 

Usually, the bone-patellar tendon-bone (BPTB) 
or hamstring tendons are harvested in a 
standard fashion depending on the charac
teristics of the patient (type and level of sport 
activity, age, previous ACL surgery). During 
BPTB, the central third of the patellar tendon 
(10mm) is harvested using a catamaran blade. 
A trapezoidal tibial bone block (10mm wide 
and 20mm long) and a rectangular patellar 
bone block (10mm wide and 15mm long) are 
then cut with an oscillating saw. Hamstring 
tendons are harvested with a tendon stripper 
possibly maintaining their distal insertion 
(depending on their length) or detaching it. We 
prefer to leave the graft attached at its tibial 
insertion obtaining a 13cm long double-
stranded graft. 

WHY DO I PREFER OUTSIDE-IN IN 
ANTERIOR CRUCIATE LIGAMENT 

RECONSTRUCTION?
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Knee arthroscopy is performed through two 
anterior portals: the antero-lateral (AL) portal 
is done close to the patellar tendon and the 
antero-medial (AM) one is performed at the 
same level and 15mm medially to the patellar 
tendon. After standard knee examination, 
meniscal and cartilage lesions are addressed if 
required. The anterior fat pad is debrided to 
allow adequate notch visualization, paying 
attention to preserve the native ACL tibial and 
femoral insertions, as they serve as anatomic 
landmarks for tunnel positioning [6] (fig. 1). 
The center of the ACL femoral insertion site 
can be located using the residual ACL footprint 
and the lateral intercondylar and bifurcate 
ridges [7] (fig. 2). With the knee at 90° of 

flexion, a 5mm offset outside-in femoral guide 
(SBM SA, Lourdes, France) is introduced 
through the AM portal and placed at ACL 
femoral insertion site. The external part of the 
femoral guide is located on the lateral com
partment of the knee. A lateral longitudinal 
skin incision of 2cm is performed at the point 
indicated by the femoral guide. The incision is 
straight to the bone through and parallel to the 
iliotibial band fibers. The inferior limit of the 
incision is represented by the proximal 
insertion of the lateral collateral ligament and 
postero-lateral complex. The OI femoral guide 
is positioned at 45° in the axial plane and 30° in 
the frontal plane. Finally the pin is drilled [8] 
(fig. 3). 

Fig. 1: ACL bundles evalu
ation. The preservation of 
the native ACL tibial and 
femoral insertions is useful 
because they serve as 
anatomic landmarks for 
tunnel positioning. 

Fig. 2: The center of the ACL 
femoral insertion site can be 
located using the residual 
ACL stump. Femoral tunnel 
location is exposed keeping 
intact the remnant bundle. 
Femoral footprint is half a 
circle behind the posterior 
cortical line.
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Then, the tibial guide is positioned through the 
AM portal, using as anatomic landmarks the 
posterior border of the anterior horn of the 
lateral meniscus, the anterior border of the 
PCL and the interspinous area. The tibial guide 
has to be set with an orientation between 55° 
and 65° regarding the horizontal plane and 
with a 25° of inclination in the sagittal plane of 
the tibia, close to the medial collateral 
ligament. Finally the tibial pin is drilled and its 
position is tested during the range of motion to 
ensure that there is no impingement. The tibial 
and femoral tunnels are performed using a 
6mm drill. The pins are adjusted according to 
ACL fibers orientation and the tunnels are re-
drilled according to proper graft size (fig. 4). 

Tunnel lengths are measured. The graft is 
passed in the tunnels through pulling sutures. 
BPTB graft is pulled from the femoral to the 
tibial tunnel. The trapezoidal tibial bone block 
should be inserted in the femoral tunnel with 
the cancellous bone facing forward. The 
patellar block is pulled into the tibia, and 90° 
internally rotated in order to simulate the ACL 
bundles orientation. Then, femoral press-fit 
fixation is achieved. It is recommended to tap 
the tibial block until it is flush with the tunnel 
entry point at the articular side. When 
hamstring tendons are detached, the graft 
passage is performed similarly from the 
femoral to the tibial tunnel. In case of the tibial 
insertion is preserved, the graft is pulled from 

Fig. 3: 5 mm offset outside-in 
femoral guide is positioned at 
ACL femoral insertion site with an 
orientation of 45° in the axial 
plane and 30° in the frontal plane.

Fig. 4: After K wire positioning; 
the femoral pre tunnel is 
performed with 6mm drill. The 
pins are adjusted according to 
ACL orientation and the tunnels 
are re-drilled according to the 
proper graft size.
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the tibia to the femoral tunnel. The femoral 
fixation is then achieved with bioabsorbable 
interference screw (SBM SA, Lourdes, 
France). 

The knee is then cycled to achieve graft 
tensioning. Finally, the tibial fixation is per
formed using a bioabsorbable interference 
screw with the knee flexed at 10°-20° and 
applying a posterior drawer in order to correct 
the anterior tibial translation. Lastly, it is 
mandatory to evaluate the graft tension, knee 
stability, full range of motion and the eventual 
graft impingement.

DISCUSSION

The femoral tunnel can be performed through 
different techniques including TT, IO, and OI. 
However, in the TT procedure the anatomical 
placement of the femoral tunnel is challenging 
because of the tibial constraint [2, 9]. As result, 
the interest of IO and OI techniques is 
increasing because of the possibility to create 
an independent femoral tunnel. Nevertheless, 
IO technique has some disadvantages, such as 
a short femoral tunnel, a possible posterior wall 
breakage and a poor visual field [10, 11].

ADVANTAGES

Better footprint coverage

The principal advantages of OI technique are 
the more predictable anatomic placement and 
footprint coverage, achieving better antero-
posterior and rotatory stability [2]. 

In a cadaveric study comparing the three 
different techniques (TT, IO, and OI), Robert 
& al. [12] show that the average distance from 
the tunnel center to the native femoral footprint 
center is 6,8±2,68mm for the TT, 2,84±1,26mm 
for the IO, and 2,56±1,39mm for the OI 
techniques. The average percentages of the 
femoral tunnel within the ACL footprint are 

32%, 76%, and 78% for the TT, IO, and OI 
techniques, respectively. In addition to the 
femoral position, the surgeon has to consider 
also the orientation of the tunnel drilling to 
improve the coverage of the femoral ACL 
stump. Matsubara & al. [13], in a 3D CT study, 
evaluate the optimal position for the OI femoral 
tunnel position in order to achieve a better 
coverage of the ACL stump. They report that 
the mean percentages of the femoral footprint 
covered are significantly higher with an 
inclination of 45° in the proximal-distal plane. 
This orientation provides an oval shape tunnel 
that covers and restores the native ACL stump 
as nearly as possible.

No risk in posterior tunnel breakage

OI technique is a safer procedure because the 
posterior wall preservation is better ensured 
and there is no risk of medial condyle cartilage 
damaging during femoral tunnel drilling com
pared to IO technique [2] (fig. 5). The intact 
posterior wall allows femoral press-fit fixation 
in case of BPTB graft. Posterior wall breakage 
is one of the disadvantages of IO procedure, 
reporting an incidence of 23,8-33% [14].

Remnant preservation

To our knowledge, in literature there are no 
studies that compare the remnant preservation 
using the three different techniques. However, 
it is advantageous to conserve the remnant 
because it improves the graft vascularization, 
the ligamentization and the proprioception of 
the knee [15].

Revision surgery

OI technique can be used easily in revision 
surgery where it may be necessary to drill a 
femoral tunnel with a different orientation 
avoiding previously enlarged and misplaced 
tunnels [8].
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Femoral tunnel length

The tunnel length is another factor that has to be 
considered. In case of a too anterior tunnel 
placement, a tunnel length shorter than 30mm 
could be drilled. It is reported that it predisposes 
to tunnel enlargement, graft loosening, loss of 
flexion and intercondylar roof impingement [2]. 

A short femoral tunnel socket is one of the 
disadvantages of the IO procedure. In order to 
reduce this problem, the knee should be over 
flexed because the femoral tunnel length 
increases at higher knee flexion angles. A short 
femoral tunnel can reduce the amount of the 
graft in the tunnel compromising the healing 
process. Therefore, the OI technique would be 
more advantageous in graft healing than the IO 
technique mainly when a suspensory fixation 
device is used [2]. 

Disadvantages

OI technique it is a more demanding procedure 
[2, 8]. In a recent 3D CT scan study, Park & al. 
[14] observe a more acute femoral graft 
bending angle in OI technique. It is supposed 
that this can increase the stresses on the ACL 
graft, damaging it and enlarging the tunnel. We 
suggest to smooth the tunnel entry with the 
shaver in order to reduce the femoral graft 
bending. Comparing IO and OI, Otsubo & al. 
register an average difference in the femoral 
graft bending angle of 6.6° [16]. 

The graft passage, especially using BPTB, and 
the second incision are other disadvantages 
described for OI technique. However, the risk 
of lateral structure damage is limited. 

Fig. 5: OI technique is a safer procedure compared to IO. IO technique allows the anatomic ACL 
reconstruction. However, drilling through AM portal could damage the remnant and the medial condyle.
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CONCLUSION

The OI technique allows a superior positioning 
of the ACL femoral tunnel at the center of the 
native ACL footprint compared to TT tech
nique. Comparing IO and OI, each technique 
has some advantages and disadvantages. OI 
procedure ensures a predictable anatomic 

placement and footprint coverage of the ACL 
stump, posterior wall preservation and adequate 
socket length. This technique allows the ACL 
remnant preservation and it is useful in the 
revision surgery. However, it is a demanding 
technique requiring a second incision and the 
smoothing of the entry point.
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The Ideal Anatomic ACL Reconstruction 
Technique Should:

•	Allow the surgeon to reproducibly place the 
ACL femoral and tibial tunnels within the 
native ACL attachment sites;

•	Be able to be used with any type of ACL 
graft;

•	Allow the use of suspensory and or aperture 
fixation devices;

•	Achieve adequate femoral and tibial tunnel 
lengths;

•	Allow the surgeon to preserve intact ACL 
tissue;

•	Require minimal, inexpensive instrumentation.

THREE PORTAL TECHNIQUE 
FOR ANATOMIC SINGLE-
BUNDLE ACL 
RECONSTRUCTION

Anatomic ACLR is facilitated by using a 
3  portal technique. In the 3 portal technique, 

the anterolateral (AL) and anteromedial (AM) 
portals are used as viewing portals and the ACL 
femoral tunnel is drilled through an accessory 
anteromedial (AAM) portal (fig. 1).

ACL RECONSTRUCTION 
TECHNIQUES: WHY I DO 

INSIDE-OUT DRILLING OF 
THE ACL FEMORAL TUNNEL

C.H. BROWN

Fig. 1: Surface landmarks and arthroscopic portals: 
anterolateral portal (AL), anteromedial portal (AM), 
accessory anteromedial portal (AAM).
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There are many advantages of the 3 portal 
technique compared to the traditional 2 portal 
approach:

•	The 3 portal technique allows the surgeon to 
interchange the working and viewing portals 
according to the specific task that is being 
performed.

•	In the 3 portal technique, the lateral wall of 
the intercondylar notch can be viewed 
orthogonally through the AM portal while the 
AAM portal is used as a working portal for 
instrumentation. This approach allows the 
surgeon to look and work in the same 
direction, making it easier to achieve more 
consistent and accurate placement of the ACL 
femoral tunnel within the native ACL femoral 
attachment site (fig. 2).

•	Viewing the lateral wall of the intercondylar 
notch through the AM portal also eliminates 

the need to perform a notchplasty for 
visualization purposes.

•	Drilling the ACL femoral tunnel through the 
AAM portal increases the obliquity of the 
ACL femoral tunnel relative to lateral wall of 
the intercondylar notch resulting in a longer 
femoral tunnel.

•	The 3 portal technique is versatile and can be 
used when performing an anatomic ACL 
reconstruction with any type of ACL graft 
and most ACL graft fixation methods.

•	The 3 portal technique can be used for any 
primary, revision, single- or doublebundle 
ACL reconstruction.

•	The technique is particularly useful in cases 
where only one of the two ACL bundles is 
torn or there is a large remnant of the native 
ACL present. In these situations, an 
augmentation or tissue preserving procedure 
can be performed. Augmentation and tissue 
preserving procedures cannot be performing 
using a transtibial or an all-inside technique.

•	Avoids a lateral incision.

•	Requires minimal instrumentation (no need 
for expensive retro drills).

DISADVANTAGES OF 
DRILLING THE ACL 
FEMORAL TUNNEL 
THROUGH A MEDIAL 
PORTAL

•	Requires the knee to be positioned in 
hyperflexion.

Fig. 2: Using the AM portal as a viewing portal and 
drilling the femoral tunnel through the AAM portal 
allows you to see exactly what part of the ACL 
femoral footprint your femoral tunnel will cover.
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The anterior cruciate ligament (ACL) has long 
been thought to have reduced healing capacity 
with a substantially high rate of failure after 
surgical repair using suture [3]. As early as 
1938, Ivar Palmer described how a torn ACL 
fails to heal spontaneously. He concluded that a 
repair should be sutured as soon as possible 
after the injury. Subsequently, suturing the 
(ACL) was adopted as a treatment option; 
however, this led to mixed outcomes [8].

Mainly, suture techniques in which the ends of 
the torn ACL could be re-approximated under 
compression reported satisfactory results in 
lower-demand patients. But even these methods 
failed in high-demand patients. Therefore, 
surgeons abandoned the repair in favor of ACL 
reconstruction, or replacing the torn ligament 
with a graft of tendon, because the results of 
suturing were too unpredictable.

However, a stable repair of a torn ACL could 
provide several advantages compared to a 
reconstruction. It is obvious that a sutured ACL 
would secure the characteristics of the natural 
ligament, in particular, its insertion sites, and 
possibly even the multiple bundle morphology. 
A repair of the ACL could likely also better 
preserve the complex physiology, including the 
proprioception provided by an innervated 
ligament structure, which might be able to 
better protect the knee. Both of these effects 

may, in turn, lead to a decreased risk of 
posttraumatic osteoarthritis.

In contrast to the ACL, the medial collateral 
ligament (MCL) heals uneventfully in the 
majority of cases, even without surgical repair. 
Several factors might be responsible for this 
discrepancy in tissue healing including the 
“hostile” environment of synovial fluid, 
alterations in the post-injury inflammatory 
response and cell metabolism, intrinsic cell 
deficiencies, a different vascular environment, 
and load bearing characteristics [7, 12].

For a successful healing in ligaments, several 
basic biological principles are essential. To 
understand the biological differences between 
the healing of an ACL (intra-articular) and an 
MCL (extra-articular), a closer look at the 
environment is necessary. After an injury, an 
elevated growth factor synthesis is observed in 
the MCL [7]. Cells in both the torn ACL and 
MCL are capable of migration in vitro after a 
simulated tissue wound. Cells from both 
ligaments are also found to proliferate and 
produce essential matrix components, 
including collagens, both in vitro and in vivo 
after injury [2]. However, in contrast to the 
MCL, the ACL lacks a scaffold bridging the 
wound site. Between the ends of a ruptured 
MCL, a blood clot is formed, which serves as a 
structure or scaffold for different cells to 
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migrate into. These cells are the starting point 
for formation of a fibrovascular scar which can 
remodel into relatively normal ligament tissue. 
Certainly, an injured ACL bleeds as well; 
however, enzymes in the synovial fluid prevent 
formation of a clot or a bridging scaffold in the 
ACL wound site. A fibrin clot is hardly formed 
in a post-traumatic intraarticular milieu. Quite 
contrary, due to enzymes in the synovial fluid, 
a rapid clot breakdown occurs [1]. This lack of 
a provisional scaffold bridging a torn ACL 
might be the reason for a healing failure.

In consequence, developing a sponge-like 
scaffold to absorb blood and stabilize the clot 
within the ACL wound site in the synovial fluid 
environment may facilitate healing of the 
repaired ACL.

In the same context, growth factors have also 
gained a lot of traction in the treatment of soft 
tissue injuries. A wide range of these factors, 
such as insulin-like growth factor (IGF), 
TGF-β, platelet-derived growth factor (PDGF), 
vascular endothelial growth factor (VEGF), 
fibroblast growth factor (FGF) and nerve 
growth factor (NGF), have been used to try to 
improve ligamentous and tendon tissue repair. 
All of these factors stimulate type I collagen 
production in ACL-derived cells in vitro, 
except for insulin-like growth factor. Kobayashi 
et al. noted in an in vivo study that Fibroblast 
Growth Factor 2 improved healing and 
neovascularization of partially lacerated ACLs 
in canines. Also, injections of recombinant 
human hepatocyte growth factor and TGF- β1 
yielded improved biomechanical results and 
histological healing properties in a rabbit 
model [4]. However, to deliver these growth 
factors to a localized wound site of a torn ACL 
in vivo remains a major barrier for effective use 
of these purified factors.

Another source of many of these growth 
factors, platelet-rich-plasma (PRP), has been 
the center of attention as a novel, non-invasive 
treatment for sports related injuries. Although 
PRP is capable of forming a clot, its use to 
stimulate ACL graft healing has delivered 
mixed results. In a porcine model using a 
transected ACL, when used alone, PRP did not 

stimulate functional healing [11]. A fact that 
may explain the different results in using PRP 
is that the main structural protein in clotted 
PRP is fibrin. After an injury, the synovial fluid 
contains a large amount of fibrin-degrading 
enzymes. Therefore, the fibrin-based PRP clot 
may be prematurely dissolved in the post-
traumatic or postsurgical environment. This 
situation could be the reason why PRP on its 
own fails to stimulate tissue healing even 
though it is capable of delivering stimulatory 
growth factors to the wound site. In 
consequence, carriers to maintain the PRP at 
the tear of the ACL and protect it from being 
washed out of the wound site have been 
developed. A substance more resistant to 
degradation by plasmin is a copolymer formed 
of collagen mixed with fibrin [1]. Furthermore, 
collagen activates platelets in a sustained 
fashion and releases platelet-associated factors 
over a period of 10 to 14 days. In contrast, 
platelets activated by thrombin are released 
physiologically within the first few hours. Thus 
collagen has been explored as a carrier for 
platelets for ACL repair.

Unlike a primary suture repair alone, an ACL 
repair supplemented with a collagen-PRP 
biomaterial improved the biomechanical 
properties of the repaired ACL in an in vivo pig 
model after four weeks [11]. Further 
experiments demonstrated that the use of 
whole blood was more effective than using 
PRP to stimulate wound healing of the ACL. 
While neither the collagen scaffold itself nor 
PRP alone was found to be effective in 
promoting ACL healing or repair, the 
combination of blood, collagen scaffold and 
suture stent in the novel technique of Bridge-
Enhanced ACL Repair (fig. 1) led to 
biomechanical properties of the repaired ACL 
equivalent to those of an ACL reconstruction 
after 3, 6, and 12 months of healing in the 
porcine model [10]. Moreover, the bridge-
enhanced ACL repair significantly reduced the 
amount of cartilage damage usually seen 
12 months after an untreated ACL transection 
or an ACL reconstruction [5, 6]. These findings 
might suggest that a bridge-enhanced repair of 
the ACL protects the cartilage against early 
onset of osteoarthritis, which in contrast is 
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frequently observed after ACL injury and 
reconstruction in human patients. However, the 
underlying mechanism of the cartilage 
protection is still not understood. The question 
how collagen-platelet composites affect intra-
articular tissues is unknown but a subject of 
ongoing investigation.

A collagen-platelet composite suffices as a 
provisional scaffold and allows healing of an 
immediately repaired ACL in the porcine 
model. However, this technique was less 
effective in the case of a repair performed with 
a delay of two or six weeks. The reason might 
be apoptosis, inflammation, or a matrix 
degradation within the ACL after an injury.

To understand the reaction of the ACL to an 
injury, different biological principles have been 
described, as well as the intra-articular milieu, 
where healing would occur. Within the 
ligament, fibroblasts undergo nitric oxide-
induced and caspase 9-mediated apoptosis 
early after injury. Moreover, protein fragments 
increase, indicating a type I collagen breakdown 

[9]. These findings suggest a degradative 
environment, modulated by highly activated 
matrix metalloproteinases which break down 
collagen proteins. The synovial membrane, as 
well as the injured ligament itself after an 
injury, produces these enzymes [2, 9]. 
Addressing the synovial fluid milieu could 
enhance the understanding or possible 
counteractions of these processes and improve 
the results of ACL repair [5].

To decrease the cartilage breakdown in the knee 
by injecting therapeutic agents could be a 
potential strategy to slow or prevent the 
development of post-traumatic osteoarthritis 
after an ACL injury. A scenario may include 
caspase inhibition to decrease fibroblast apop
tosis or to apply antagonists of inflammatory 
cytokines (e.g., interleukin 1 receptor antagonist). 
Also, reducing the activity of metalloproteinase 
might help. Therefore, short-term intra-articular 
treatment with these therapeutic agents might 
influence the detrimental biological processes 
that initiate ligament and cartilage degradation 
after ACL injury [5, 6].

Fig. 1: Bridge-enhanced ACL repair. (a) Transected ACL. (b) Femoral and tibial tunnels (dashed lines) and 
EndoButton (Smith & Nephew Endoscopy, Andover, MA) pulled through femoral tunnel and placed on 
femoral cortex. The EndoButton is loaded with 3 sutures, resulting in 6 free-ending strands (4 red and 
2 green). (c) A Kessler suture is placed in the tibial ACL stump, and a collagen scaffold is threaded onto 
4  strands (red), pushed into the notch, and saturated with 3mL of autologous blood. (d) The 4 suture 
strands running through the scaffold (red) are passed through the tibial tunnel, whereas the remaining 
suture (green) is tied to the tibial Kessler suture, using it as a pulley to reduce and stabilize the tibial ACL 
stump. (e) The transtibial sutures (red) are tightened and tied over an extracortical button. The free ends 
of the ACL suture pulley (green) are knotted to secure the reduced ACL in the collagen-platelet composite. 
Reprinted with permission [10].
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SUMMARY

Suturing a ruptured ACL has been largely 
supplanted by the ACL reconstruction. The 
primary reason can be found in the outcomes of 
the original procedure. A primary ACL repair 
most likely failed and was unreliable. Torn ends 
could not be approximated enough, resulting in 
a gap that prevented a healing of the ligament. 
In contrast, the MCL heals successfully because 
the gap is filled with a blood clot which allows 
surrounding cells to invade and produce a 
functional fibrovascular scar. Such a bridging 
mass is not observed in the ACL, likely because 
of premature dissolution of blood clot by 
enzymes in the synovial fluid. If the tissue does 

not heal, the sutures of the primary repair 
eventually fatigue and fail.

A scaffold can be used to stabilize a provisional 
blood clot between the torn ACL ends for 
several weeks. This stabilized clot has been 
found to heal a torn ACL with similar 
mechanical properties as an ACL reconstruction 
in animal models. Moreover, there are 
favorable effects, which might decrease the 
risk of posttraumatic osteoarthritis. However, 
these promising findings derive from preclinical 
studies; clinical data are not yet available. 
Nevertheless, the bridge-enhanced repair of the 
ACL could be a viable option for patients with 
ACL injuries in the future.
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INTRODUCTION

Synthetic devices have been available since the 
1970s for the treatment of anterior cruciate 
ligament (ACL) injury. Such devices have a 
number of potential benefits including the 
avoidance of donor site morbidity, provision of 
a strong stabilising construct – thereby allowing 
aggressive rehabilitation and an early return to 
sport – and the absence of the potential for 
disease transmission. Despite these potential 
benefits, the use of synthetic ligaments for ACL 
reconstruction remains controversial. Devices 
implanted in the late 1970s and 1980s had poor 
outcomes including high failure rates and 
significant complications such as synovitis, 
osteolysis and osteoarthritis. More recent 
devices appear to have better reported outcomes 
in the short to mid-term, but have not gained 
widespread support.

HISTORICAL OVERVIEW

A full historical account of the use of synthetic 
devices in for ACL reconstruction is beyond 
the scope of this chapter, but a brief summary is 
provided as a background to current thinking. 
A more detailed account can be found in the 
article by Mascarenhas and MacDonald [6]. 
One of the major concerns with earlier synthetic 
grafts was synovitis. It was attributed to 

abrasion and breakage of the synthetic devices 
resulting in free debris and particles within the 
joint and there was concern that because of the 
non-absorbable nature of the synthetic 
ligaments, there was an increased risk of 
developing osteoarthritis.

There was considerable interest in the potential 
of carbon fiber as a scaffold for ligament 
regeneration in the 1970s. A number of carbon 
fiber devices were developed but were 
associated with high failure rates, synovitis and 
dissemination of carbon fiber to regional lymph 
nodes. Modifications were made to include 
polylactic acid and polycapralactone coating in 
an ultimately unsuccessful attempt to reduce 
problems with carbon wear particles.

Various devices have been developed from 
polyester composites. The Leeds-Keio syn
thetic ligament was woven from polyester and 
was intended to serve as a scaffold for ingrowth 
of ligamentous tissue. Conflicting results with 
regard to ingrowth and clinical out come were 
reported and concerns were raised about the 
presence of foreign body giants cells containing 
polyester debris. Like other synthetic ligaments, 
the Leeds-Keio ligament fell into disuse.

The Dacron artificial ligament was made of 
polyester strips and was designed as an 
augmentation. It was nonetheless used by some 
surgeons as a prosthetic ligament in “salvage” 
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cases. Despite initial promising results, longer-
term follow-up showed high failure rates, 
osteolysis, synovitis and high rates of 
osteoarthritis and the device was subsequently 
withdrawn from the market.

The Goretex device made from expanded 
polytetrafluoroethylene (PTFE) was used 
between the mid 1980s and mid 1990s. 
Intended as a permanent implant, an important 
property was its ultimate tensile strength of 
approximately 5300N, higher than any 
counterparts. However, once again initial 
promising results were overtaken by poor 
outcomes in the mid-term, with ligament 
failure and effusion being the predominant 
adverse findings. Importantly, poor positioning 
of the graft was recognized as a factor 
contributing to the risk of graft abrasion and 
failure. The device was eventually withdrawn 
from the market.

In the early 1980s Kennedy proposed the use 
of a polypropylene braid as a Ligament 
Augmentation Device (LAD) to protect patellar 
tendon grafts in the early post-operative period. 
It was sutured to the autograft to form a 
composite graft. It was supposed that the LAD 
could protect the autograft during its 
remodelling and it was assumed that potential 
stress shielding of theautograft would be 
minimized by the relatively low tensile strength 
of the LAD and the fact that only one end of 
device was fixed. Studies failed to show any 
advantage over autografts alone and failures 
with intra-articular debris and effusions were 
reported. As a result, usage of the Kennedy 
LAD ceased.

MODERN DEVICES

A second generation Leeds Keio (LKII) device 
was made available in 2003 with the addition 
of radio-frequency generated glow discharge 
treatment. A number of polyethylene 
terephthalate (PET) devices have also been 
developed and include the Trevira-Hochfest, 
Proflex, Pro-Pivot and Ligament Advanced 
Reinforcement System (LARS) devices. Of 
these, the LARS device has been most widely 

used and reported. The results are discussed 
below in more detail.

SYSTEMATIC REVIEWS

There have been three recent systematic 
reviews of the results of synthetic ligaments for 
cruciate ligament injury.

Mulford et al. evaluated the efficacy of PET 
artificial ligaments in the ACL reconstruction 
[7]. A total of 23 papers published between 
1970 and 2010 were included. Twelve papers 
were related to the LARS and the remaining 11 
focused on the long-term outcomes of other 
PET ligaments. In studies of the LARS, the 
mean follow-up period was 28 months (range 
4-60 months. In 655 cases the documented 
graft rupture rate was 2% (14 cases). The 
authors did however note the poor methodo
logical quality of the included studies.

In their 2013 systematic review that included 
many of the papers included in the review by 
Mulford et al., Newman et al. evaluated studies 
of the LARS device for ACL reconstruction 
[8]. There were nine papers, including one 
randomized control trial, and all were published 
between 1990 and 2010. Not surprisingly, there 
was a similar failure rate of 2.5%. Most failures 
were attributed to tunnel malposition. Again, 
only one case of synovitis was reported. Return 
to sports took two to six months, earlier than 
that for patients having an autograft procedure. 
However, the poor methodological quality of 
the papers and the need for high quality longer-
term studies was once again highlighted.

More recently, Batty et al. systematically 
reviewed the literature related to the clinical 
application of artificial ligaments in cruciate 
ligament surgery [2]. With regard to the ACL, 
the highest failure rate was observed with the 
Dacron device with a cumulative failure rate of 
33.6%. Non-infective synovitis and effusion 
were most frequently seen with the Gore-Tex 
artificial ligament (up to 27.6%). 

With regard to more recent synthetic devices, 
three studies published between 1994 and 2010 
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reported on ACL reconstruction with the 
Trevira-Hochfest device. One of these studies 
also reported on two other PET devices, the 
Proflex and Pro-Pivot. All studies were 
prospective cases series and included a total of 
265 reconstructions. Only one of the three 
studies used multiple outcome measurements. 
The mean follow-up time ranged from 40 to 
225 months. Overall, the failure rate was 9.4% 
(25 failures from 265 reconstructions).

As mentioned previously, more recent designs 
of synthetic ligament devices include the 
LARS and LK II. Fourteen studies in the Batty 
et al. systematic review reported outcomes for 
these designs LARS (n=13) and the LK II 
(n=1). The 14 included studies reported an 
overall low failure rate of 2.6%, over a follow-
up period that ranged from 22 to 95 months. 
However, the single report on the LK II device 
had the shortest mean follow up time and 
meaningful interpretation of the results is 
difficult as only 13 patients were included.

On the basis of the systematic review, the results 
of the LARS device appear encouraging, with 
[19] documented failures in 736 patients (2.6%). 
In those studies that reported Lysholm scores, 
the mean post-operative score was 88, 
compared to a mean pre-operative score of 54. 
KT-1000 arthrometer side-to-side difference 
was measured in 7 studies in 394 knees with a 
mean side-to-side difference of 2.2mm (range, 
1.2 to 4.2mm). Pivot-shift was recorded for 
497  patients in 4 studies with a grade 2 pivot 
(clear shift and visible reduction) present in 
6.4%. The overall reported incidence of synovitis 
was 0.2% (one reported case from 483 knees).

In terms of comparative studies, the 1 RCT 
compared 26 LARS devices with 27 patellar 
tendon autografts. At 24 months there was no 
significant difference between the groups in 
terms of IKDC or KOOS scores. One 
retrospective study compared 30 patellar 
tendon autografts with 32 LARS reconstructions 
with a minimum follow-up of 4 years. There 
were no differences between the groups in 
terms of Lysholm, Tegner, IKDC, and KT-1000 
assessments. In a second retrospective study, 
32 four-strand hamstring ACL reconstructions 

were compared with 28 LARS ACL 
reconstructions, also with a minimum follow-
up of 4 years. Again, there was no difference in 
Lysholm, IKDC, or Tegner scores, but the 
LARS group had significantly less anterior 
displacement as measured by KT-1000.

However, it should also be noted that in the 
Batty et al. systematic review, the MINORS 
score was used to assess the methodologic 
quality of included studies. The ideal score was 
16 points for non-comparative studies and case 
series and 24 points for comparative studies. 
The mean MINORS score for the non-
comparative LARS studies was only 7.6 points 
(SD, 1.2 points) and 17.3 points (SD, 1.5 points) 
for the comparative studies.

Given such low levels of evidence, the findings 
of the systematic review should therefore be 
interpreted with caution. For example, although 
the overall rate of synovitis and effusion for the 
LARS device was lower than reported for 
earlier synthetic devices, half of the included 
studies made no mention of these outcomes.

Closer analysis of individual papers can also be 
revealing. Parchi et al. reported on 26 of 
29 patients at mean follow-up of 7.9 years [9]. 
The mean age of the patients at the time of 
follow-up was 38.5 years. Joint stability and 
range of motion were reported to be satisfactory 
in 24 patients. For the KOOS score, 11 patients 
(42.3%) rated optimal (＞90) and 13 (50%) 
good (70-89). However, there was a wide range 
of scores, from 10 to 100. Similar findings were 
found for the Cincinnati knee rating scale with 
92.3% rating optimal (61.5%) or good (30.8%). 
Again, there was a wide range was from 22 to 
100. Although the authors’ message was that 
the LARS device might be “a suitable option 
for ACL reconstruction in carefully selected 
cases”, the following points should be noted; 
there was no control group, the patients were 
relatively older compared to the usual group 
reported in follow-up of ACL reconstruction, 
included patients elected to have a LARS 
procedure (potential for selection bias), despite 
generally satisfactory outcomes some patients 
did badly, and no data was provided regarding 
return to pre-injury activities.
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CURRENT STATUS

In spite of the generally satisfactory results 
reported for the LARS in the above systematic 
reviews, questions remain about its role. 
Indeed, in many countries it has either not been 
approved for use, is not available, or has fallen 
from favor. One explanation for this apparent 
contradiction is the potential for publication 
bias, whereby poor outcomes are less likely to 
be reported. This potential needs to be 
acknowledged when interpreting the results of 
systematic reviews. This was highlighted by 
Waterman and Johnson in a response to the 
Batty et al. review [11]. However, their 
response also included the following statement 
with regard to the LARS device; “Anyone who 
has worked with this graft option is well aware 
of its high failure rate in active cohorts.” Such 
anecdotal experience is obviously not included 
in a systematic review and can be quite at odds 
with the findings of a review.

In a recent study, Tiefenboeck et al. came to a 
conclusion in keeping with this sentiment [10].
They stated that the LARS device should “not 
be suggested as a potential graft for the primary 
reconstruction of the ACL”. Twenty-six 
patients underwent primary isolated ACL 
reconstruction with the LARS between 2000 
and 2004. Final evaluation was completed in 
18 at the mean age of 29, with a mean follow-
up period of 151 months. The high failure rate 
was the authors’ principal source of concern. 
Eleven patients had either KT-2000 side-to-
side difference in anterior knee laxity of more 
than 5mm (4 patients) or a revision procedure 
due to re-injury (5 patients) or revision due to 
deep infection (2 patients). Feller et al. have 
also reported a high (60%) failure rate of the 
LARS device in professional footballers, 
despite a 100% rate of return to sport [3]. 
Disabling synovitis has also been reported [4].

The LARS device has also been used as an 
augmentation of hamstring autografts. Hamido 
et al. reported on its use as an augmentation for 
small diameter or short grafts in 112 patients 
with a mean age of 26 at the time of surgery [5]. 
The follow-up period was 45 months. Relatively 
little detail about post-operative assessment is 
provided. However, on IKDC evaluation 67% 
patients rated normal and 28.6% rated nearly 
normal. Eighty-two percent of patients returned 
to their pre-injury sports activities. No patient 
had a graft rupture, synovitis, screw loosening 
or bone-tunnel enlargement on radiological 
examination. Annear et al. have also reported 
high rates of an early return to sport with a 
LARS/hamstring hybrid graft (n=16) compared 
to a double-bundle hamstring graft (n=9), with 
one graft rupture in each group, at 3 years and 
18 months respectively [1].

CONCLUSION

Historically, the results of synthetic grafts for 
ACL reconstruction have been poor due to high 
failure rates, synovitis, tunnel widening and 
screw loosening. Recent systematic reviews 
suggest that the results of the LARS device 
may be more encouraging, but the lack of high 
quality studies is a recurrent theme in their 
analyses. Selection bias is a particular problem 
with included patients often being older. 
Publication bias may mean that poor results are 
less frequently reported. If synthetic ligaments 
have a role in ACL reconstruction it may be as 
a graft in older, lower demand patients who 
require an early return of function, or as an 
augmentation of autografts to allow an earlier 
return to sport. However, the potential for 
synovitis remains a concern. High quality 
studies using modern and appropriate 
assessment tools are still required to establish 
the place of synthetic ligaments.
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The selection of a graft for reconstructing the 
anterior cruciate ligament (ACL) continues to 
be a controversial issue. While the patellar 
tendon was long considered the “gold standard” 
for ACL reconstructions, in recent years it was 
surpassed in popularity by the semitendinosus 
and gracilis tendons. Meanwhile, relatively 
little attention was given to the quadriceps 
tendon (QT) as a graft source. During the 
1990s, only a few surgeons favored the QT 
for ACL reconstruction. Stäubli et al. [10] 
demonstrated the advantages of the graft in 
their anatomic, biomechanical and clinical 
studies. While many knee surgeons currently 
regard the QT as a good revision graft, to date 
it has not been widely utilized as a standard 
graft for primary ACL reconstructions despite 
excellent clinical results [1, 4, 6, 7, 9]. We feel 
that this is mainly because harvesting of the QT 
graft is more technically demanding and often 
yields less favorable cosmetic results when 
using a conventional technique. 

Neither a QT graft nor a patellar tendon graft is 
inherently round [3, 8]. Only the reaming 
technique makes it necessary to harvest a 
cylindrical bone plug that will fit snugly in a 
classic bone tunnel. These considerations led 
us to develop a technique for creating 
rectangular bone tunnels that conform to graft 
shape. Furthermore, this modification has been 
shown to have a biomechanical advantage with 

respect to rotational laxity [5, 8]. We also 
wanted to simplify the technique for harvesting 
the QT graft and reduce donor-site morbidity, 
particularly from a cosmetic standpoint [2, 3].

OPERATING TECHNIQUE

Harvesting a QT Graft with a Bone 
Plug

A transverse skin incision approximately 
2-3 cm long (or a longitudinal incision of equal 
length) is made over the superior border of the 
patella. The bursal layer are then dissected 
aside to expose the QT, and a long Langenbeck 
retractor is introduced. Next a tendon knife 
with two parallel blades is advanced to the 
6 cm mark (measured from the superior patellar 
border) to define the width of the graft (9, 10, 
or 12 mm) (fig. 1a). The thickness of the graft 
is then defined with the tendon separator, which 
is set to a depth of 5 mm (fig. 1b) and is also 
advanced to the 6  cm mark. Finally, graft 
length is determined with the quadriceps 
tendon cutter, a punch-action instrument that is 
introduced 1-2  cm proximal to the superior  
patellar border. It is advanced to the desired 
length (6 cm) and activated to free the proximal 
end of the graft (fig. 1c). The graft is now 
reflected distally, and the distal end of the graft 
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is outlined with a scalpel, cutting down to the 
patella. Next an oscillating saw with a narrow 
blade (0.5-0.7  cm) and a chisel are used to 
harvest a bone plug 1.5 cm long with a width 
and thickness conforming to graft geometry. To 
avoid patellar fractures, it is advisable (as in the 
conventional harvesting technique) to finish by 
sawing parallel to the anterior patellar surface 
in a proximal-to-distal direction with the 
narrow saw blade (fig. 2). At that point the 
bone plug is easily mobilized with a chisel. The 

free end of the tendon is whipstitched with two 
nonabsorbable N° 2 lead sutures. The bone 
plug is tailored to form a rectangle of the 
desired size. Rounding the proximal corners of 
the bone plug will facilitate later graft passage 
into the joint. Two 1.5 mm holes are drilled in 
the bone plug, which is then tied to a 
FlippTack® fixation button (Karl Storz, 
Germany) with a nonabsorbable suture (e.g. 
Fibre Wire®, Arthrex Naples FL).

Fig. 1: (a) Subcutaneous advancement of the tendon knife. The cutting edges are spaced at the desired 
graft width. (b) Insertion and advancement of the 5 mm tendon separator. (c) Subcutaneous advancement 
of the quadriceps tendon cutter.

Fig. 2: Harvesting the bone plug with 
the oscillating saw. The last cut is 
made in a proximal-to-distal 
direction, tailoring the thickness of 
the bone plug to the graft thickness.

ba c
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Harvesting the Graft without a Bone 
Plug

Another option is to use the QT without a bone 
plug. The initial steps are the same as for a QT-
bone graft. If the graft is freed directly at the 
superior patellar border, it should be harvested 
in a length of 7  cm. As an alternative to the 
bone plug, a periosteal strip equal to the graft 
width and 1.5-2 cm thick can be dissected from 
the anterior patellar surface (fig. 3a). The strip 
is then folded over (fig. 3b) and whipstitched 
with two nonabsorbable N° 2 sutures. This 
yields a rounded end that will facilitate later 
graft passage. Double lead sutures are placed in 
the distal end of the graft as in the bone plug 
technique (fig. 3c).

In both techniques the donor defect in the tendon 
is closed superficially with sutures. We do not 
recommend definitive wound closure at this 
time. Packing the donor site with a subcutaneous 
gauze sponge can provide good hemostasis and 
reduce any extravasation that may occur (from 
opening the suprapatellar pouch).

Femoral Bone Tunnel

A standard arthroscope portal is placed just 
lateral to the patellar tendon at the level of the 
patellar apex. A low medial portal is then 
placed under vision, using a trial needle to 
determine the portal site. The cruciate ligament 
remnants are resected, leaving a tibial stump. 
Generally it is unnecessary to perform a 
notchplasty. With the knee flexed 90°, the 
anatomic femoral insertion site of the ACL is 
marked with a microfracture awl. The position 
of this point can be checked by viewing through 
the medial arthroscope portal. A 2.4 mm guide 
wire is now introduced through the medial 
arthroscope portal using a femoral drill guide.

When the correct position of the guide wire has 
been confirmed, it is overdrilled with a 4.5 mm 
drill bit. Then a rasp (8mm for an 8 or 9 mm 
tendon graft or 10 mm for a 10 or 12 mm graft) 
is passed through the medial portal. A Half 
Pipe® can be used to facilitate rasp insertion. 
With the knee flexed 115°, the rasp should be 
aligned parallel to the tibial plateau (fig. 4). The 

Fig. 3: (a) Harvesting a QT graft with a 2 cm-long periosteal strip conforming to the graft width. (b) The 
periosteal strip is folded over and (c) whipstitched with two nonabsorbable N° 2 sutures. 
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smooth surface of the rasp should face the 
posterior cruciate ligament to protect that 
structure from injury. A socket is formed by 
driving the rasp in slowly to a depth of 
approximately 25-30 mm (1 cm longer than the 
bone plug). The rasp is then tapped back out, 
and if necessary a dilator of the same 
dimensions is inserted using the same 
technique.
 

Tibial Bone Tunnel

The tibial drill guide is introduced through the 
medial arthroscope portal. Then a vertical or 
horizontal skin incision approximately 1.5 cm 
long is made medial to the tibial tuberosity. The 
first guide wire is now drilled in through the 
center of the drill sleeve, and its relation to the 
roof of the intercondylar notch is evaluated by 
extending the knee. If the wire is correctly 
placed, the guide sleeve is removed and a 
cannulated 10  mm (or 12  mm) drill bit is 
advanced over the wire. It is predrilled to a 

depth of 0.5-1 cm to create a countersunk bed 
for the later placement of an EndoTack® (Karl 
Storz, Germany). Now the drill sleeve is 
reintroduced and fixed securely in the predrilled 
hole. Depending on the position of the first 
guide wire in relation to the notch roof, a 
second guide wire is drilled in parallel to the 
first at a slightly more anterior or posterior site.
Next, each wire is overdrilled with a 5 mm drill 
bit (for a planned 5.5 x 9.5 mm tibial tunnel) or 
a 5.5  mm drill bit (for a 5.5 x 10.5  mm or 
12.5 mm tibial tunnel. Both wires are removed, 
and any bony bridges that remain between the 
drill holes are disrupted with a shaver. Now a 
guide wire is inserted for orientation purposes, 
and a rasp of the correct width (8 or 10mm) is 
carefully driven into the tunnel. Finally a tibial 
dilator of the appropriate size is carefully 
tapped into place to complete the tibial tunnel 
(fig. 5).

Since the placement of a rectangular tibial bone 
tunnel is more technically demanding, a 
conventional round tunnel may also be created. 

Fig. 4: The rasp (8 or 10 x 5 mm) is driven into the bone tunnel with the knee flexed approximately 110°. The 
instrument should be parallel to the tibial plateau, and its smooth surface should face the posterior 
cruciate ligament.
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Graft Passage

The suture loop from the bone plug or the free 
suture ends from the tendon end of the graft 
(=  end without bone) to the FlippTack® are 
now tied off to equal the measured length of the 
femoral tunnel. When a bone plug is used, its 
distal end should fit flush with the intra-
articular cortex.

Correct graft rotation is an important 
consideration during graft passage. It is easier 
to achieve correct graft rotation with the knee 
slightly extended. Once the plug has been 
properly rotated, the knee is flexed and the 
graft is pulled completely into the joint. When 
it is confirmed that the fixation button has been 
flipped, the graft is pulled back through the 
tibial tunnel to seat the button securely against 
the femoral cortex. Now the knee joint is taken 
through 10 cycles of flexion-extension while 
traction is maintained on the distal leads. Then, 
with the knee flexed approximately 20°, the 
tibial end of the graft is fixed with a 7 or 8 x 
28 mm absorbable interference screw inserted 

on the lateral side of the graft. Additionally, the 
sutures are tied over an EndoTack® (Karl 
Storz, Germany) (fig. 6a).

Fig. 5: A tibial dilator of the appropriate size is carefully driven into place.

Fig. 6: (a) Radiographic result and (b) Cosmetic 
results after ACL reconstruction with a QT graft 
and  minimally invasive subcutaneous harvesting 
technique.

a b
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POSTOPERATIVE  CARE

While still in the operating room, the knee is 
positioned in an extension brace following 
application of the wound dressing and a Cryo 
cuff.

If the patient is hospitalized, drains are removed 
and radiographs are obtained on the first 
postoperative day. A 0-0-90° knee brace is 
applied, and the patient is mobilized under the 
direction of a physical therapist.

Partial weight bearing at approximately 
20-30 kg should be maintained for the first 
two postoperative weeks. The brace and 
crutches can be discontinued by the third 
postoperative week. In most cases the patient is 
discharged on the second or third postoperative 
day and continues outpatient physical therapy 
2 or 3 times per week for at least 6 weeks.

In patients with associated injuries and/or 
concomitant procedures (torn medial 
collateral ligament, meniscus repairs, etc.), 

the rehabilitation protocol should be modified 
accordingly.

SUMMARY

The quality of the QT is often underestimated 
in cruciate ligament surgery. The tendon is 
very flexible in its dimensions and can be 
used with or without a bone plug. It is 
superior to the patellar tendon in donor-site 
morbidity, especially with regard to kneeling 
[7]. Based on the results of clinical and 
biomechanical studies, the QT also appears to 
be a suitable graft for primary anatomic 
reconstructions of the anterior cruciate 
ligament [9]. To date, we feel that a major 
obstacle to the widespread use of the QT as a 
primary graft is the more technically 
demanding harvesting technique and the 
frequently poorer cosmetic result. These 
disadvantages can be significantly reduced, 
however, by the development of a 
standardized, minimally invasive technique 
for harvesting the graft (fig. 6b).
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INTRODUCTION

Data from anterior cruciate ligament (ACL) 
registries show that 47-61% of ACL tears are 
associated with meniscal lesions [1, 2]. The 
most common intra-articular lesion associated 
with ACL ruptures involves the posterior horn 
of medial meniscus (MM) [3]. A specific type 
of MM lesion consists in meniscosynovial or 
meniscocapsular tears which can be difficult to 
diagnose arthroscopically from the anterior 
compartment. These lesions have been 
described in the 1980’s by Strobel et al. who 
called them “ramp” lesions [4]. Increased 
attention has been paid to this entity over the 
last years [5, 6]. Among the arthroscopic 
techniques, the all-inside repair through 
standard anterior portal with meniscal suture 
anchor devices implants has increased in 
popularity because of its easy application [7]. 
However, complications have been reported 
with these devices [8]. Biomechanically, the 
horizontal sutures of these devices have inferior 
strength compared to the vertical sutures [9]. 
Morgan described the vertical suture of the 
posterior segment of the MM through a 
posteromedial portal with a suture hook but 
this technique fell out of favor possibly due it 
being so technically demanding [10]. However 
improved healing rate for posterior horn MM 
lesions may be expected with better 
visualization; allowing for an improved 

diagnosis, an improved quality of the 
debridement prior to the repair and the control 
of a complete closure of the lesion through a 
posteromedial portal with a simple vertical 
suture [11].

The purpose of this article is to evaluate the 
results of arthroscopic all-inside suture repair of 
ramp lesions of the medial meniscus through a 
posteromedial portal during ACL reconstruction. 
We hypothesize that the technique of ar
throscopic vertical posterior suture through a 
postero-medial portal with a suture hook device 
for these peripheral and longitudinal posterior 
tears of the MM encountered during ACL 
reconstruction will provide clinical results at 
least equal to other meniscal repair systemswith 
no associated morbidity.

MATERIAL AND METHODS

Patients

All patients who underwent a medial meniscal 
repair with the Suture lasso device (Suture 
lasso, Arthrex, Naples, FL) in conjunction with 
primary or revision ACL reconstruction 
betwesen October 1st 2012 and March 15th 2013 
were entered into a prospective ACL re
construction database. The procedures were 
performed by 3 senior surgeons. Inclusion 
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criteria for this study were longitudinal medial 
meniscal tears of the peripheral third 
(capsulomeniscal junctionor red/red zone) or 

junction of the peripheral third with the middle 
third (red/white). Complete and partial tears 
were included (fig. 1). Exclusion criteria were 

Fig. 1: Tear patterns of ramp lesions of the medial meniscus : (a) These tears can then further classified by 
their proximity to meniscus blood supply, namely whether they  are located in the capsulomeniscal junction 
1) “red-red” 2), “red-white” 3), or “white-white” 4) zones. (b): Type 1: Meniscocapsular junction tear. Very 
peripherally located in the synovial sheath. Mobility at probing is very low. (c): Type 2: Partial superior lesions. 
It is stable and can be diagnosed only by trans-notch approach. Mobility at probing is low. (d): Type 3: Partial 
inferior or hidden lesions. It is not visible with the trans-notch approach, but it may be suspected in case of 
mobility at probing, which is high because of the disruption of the menisco-tibial ligament. (e): Type 4: 
Complete tear in the red-red zone. Mobility at probing is very high (f): Type 5: Complete tears.

a

c

e

b

d

f

Type 1

Type 2 Type 3

Type 5Type 4
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tears located in the central third of the medial 
meniscus (white/white zone) for which an 
isolated suture with an all-inside suture im
plant (Fas T Fix device, Smith & Nephew, 
Andover, MA) or a partial meniscectomy was 
performed knee dislocations, major 
concomitant procedures such as high tibial 
osteotomy or other knee ligament 
reconstructions. We prospectively evaluated 
132 consecutive patients in whom 132 medial 
menisci underwent a medial meniscus repair 
through a posteromedial approach in 
conjunction with ACL reconstruction. An MRI 
had been performed systematically 
preoperatively. A tear of the medial meniscus 
had been suspected on the preoperatively on 
MRI for only 80 of the 132 patients. A 
systematic arthroscopic exploration of the 
posterior horn of the MM was performed. The 
first stage of the exploration was achieved 
through standard anterior portals including a 
meticulous probing of the posterior horn. Then, 
the posterior horn of the MM was explored 
through the anterolateral portal with the scope 
positioned deep in the notch, for visualization 
of the posterior rim of the posterior horn. In 
cases where a meniscal lesion was suspected, 
probing of the posterior horn through an 
additional posteromedial portal was done in 
order to diagnose hidden tears [11]. Repair was 
performed within the rim of less than 3mm 
(capsulomeniscal junctionand red-red zone) or 
3 to 5mm (red-white zone) of an unstable torn 
meniscus, including bucket handle tears. All 
were longitudinal tears, and were repaired at 
the same time as ACL reconstruction. 

Surgical technique

During the procedure, the patients are placed 
supine on the operating table with a tourniquet 
placed high on the thigh. The knee is placed at 
90° of flexion with a foot support to allow for a 
full range of knee motion. We use a standard 
high lateral parapatellar portal for the 
arthroscope and the medial parapatellar portal 
for the instruments. In case of a dislocated 
bucket-handle tear, reduction is performed. 
The possibility of engaging the probe in the 
posterior segment of the meniscus and of 

bringing it under the condyle is an indirect sign 
of lesion and instability criteria. The direct 
visualization of the posteromedial compartment 
must always be done in order to diagnose and 
repair these lesions. 

Even if no sign of unstable meniscus is 
diagnosed through the anterior approach, a 
systematic exploration of the posterior segment 
is performed. A trans-notch visualization of the 
posteromedial compartment is systematically 
performed with the knee in 90°. The arthroscope 
is introduced by the anterolateral portal in the 
triangle limited by the medial condyle, the PCL 
and the tibial spines. After the contact with this 
zone, the arthroscope can pass through the 
space at the condyle border when applying a 
valgus force first in flexion and then in 
extension. An internal rotation is applied to the 
tibia to help visualization; this causes the 
posterior tibial plateau to subluxe and a 
posterior translation of the middle thirds 
segment. With this maneuver two thirds of 
peripheral lesions from the posterior segment 
up to the medium segment can be seen. In case 
of tear of the posterior segment, a posteromedial 
approach is performed. Transillumination 
allows the surgeon to observe the veins and 
nerves that must be avoided. The point where 
the needle is introduced is above the hamstring 
tendons, 1cm posterior to the medial femoro-
tibial joint line. The knee must be flexed at 90° 
to avoid the popliteal structures. The needle 
must be introduced from outside to inside, in 
the direction to the lesion. The approach is 
done with a number 11- blade scalpel under 
arthroscopic control, and dissection via the 
same approach, again under arthroscopic 
control. The all inside suture can then be 
performed (fig. 2). Firstly, the lesion is debrided 
and edges of the tear are trimmed with a shaver. 
A left curved hook is used for a right knee and 
vice versa. The 25° hook (Suture lasso, Arthrex, 
Naples, FL) loaded with a N° 2 nonresorbable 
braided composite suture (Fiberstick, Arthrex, 
Naples, FL) is introduced through the 
posteromedial portal. The foot is positioned in 
maximal internal rotation in order to take away 
the medial condyle from the posterior segment 
of the meniscus. The suture hook is manipulated 
by hand so that the sharp tip penetrates the 
peripheral wall of the medial meniscus from 



M. THAUNAT, N. JAN, J.M. FAYARD, C. KAJETANEK, C.G. MURPHY, B. PUPIM, R. GARDON, B. SONNERY-COTTET

130

outside to inside. Next, the suture hook is 
passed through the central (the inner portion) 
of the medial meniscus. The free end of the 
suture in the posteromedial space is grasped 
and brought up to posteromedial portal. A 
sliding knot (fishing knot type) is applied to the 
most posterior part of the meniscus with the 
help of a knot pusher and then cut. This 
manoeuver is repeated as required depending 
on the length of the tear (one knot was inserted 
every 5mm for tears limited to the posterior 
segment (“limited tears”) (fig. 3a)). Care is 
taken during this technique to avoid tangling 
the sutures. Once the posteromedial tying is 
finished, the knee is positioned in valgus, near 

extension and the suture is tested and repeated 
if necessary. For some patients, the tear extends 
to the midportion of the meniscus and requires 
an additional repair through standard anterior 
portal with meniscal suture anchor and/or an 
outside-in suture (“extended tear”). The 
posterior suture is then completed with a repair 
through standard anterior portal with a meniscal 
suture anchor (Fas T Fix device, Smith & 
Nephew, Andover, MA) when the tear extends 
to the pars intermedia  and/or by Outside-In 
sutures with PDS 1 (Ethicon, Inc., Somerville, 
NJ) if the tear extends to the anterior segment 
of the meniscus (fig. 3b). The stability of the 
suture is then tested with the probe.

Fig. 2: Suture of the posterior segment of the medial meniscus of the right knee through a posteromedial 
portal with a suture hook device (25° suture lasso loaded with a N°2 fiberstick) (a, b) The sharp tip 
penetrated the peripheral wall of the medial meniscus from outside to inside. (c) Next, the suture hook is 
passed through the center (the inner portion) of the medial meniscus. (d) The first knot is tied with a knot 
pusher. (e) A second suture is performed 5mm more posterior to the first one with a tigerstick. (f) The final 
suture with non-absorbable suture from the anterior portal.
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Rehabilitation

Postoperatively, the active and passive range of 
motion is limited to 0-90° in the first six weeks 
and progression to full weight bearing by 
postoperative week 3. Jogging is permitted 
after week 12, pivot activity at 6 months, and 
full activity at 9 months for all patients.

Evaluation Methods

Follow-up assessments were made using both 
subjective and objective means. An 
experienced sports medicine fellow performed 
all the postoperative examinations. Patients 
were divided into two groups: those with a 

limited tear of the posterior segment (n=81) 
and those with a tear which extends to the 
midportion of the meniscus (n=51) that 
required an additional repair through standard 
anterior portal with meniscal suture anchor 
and/or an outside-in suture. Using Barrett’s 
criteria [12] a repaired meniscus was 
considered healed if there was no joint-line 
tenderness or effusion, and a negative 
McMurray’s test at the latest follow-up. Knee 
laxity was measured with the rolimeter 
Arthrometer (Aircast, Boca Raton, FL) 
postoperatively and knee function in activities 
of daily living and in recreational and 
competitive sports was assessed using the 
Tegner and subjective IKDC scores 
preoperatively and at last follow up [13]. 

Fig. 3: a: The posterior suture 
is repeated as required 
depending on the length of the 
tear (one knot was inserted 
every 5mm for tears limited to 
the posterior segment (“limited 
tears”). 
b: The posterior suture is 
completed with a repair through 
standard anterior portal with a 
meniscal suture anchor when 
the tear extends to the pars 
intermedia and/or by Outside-
In sutures (“extended tears).

a

b
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Statistics

The Wilcoxon test was used for comparison of 
the preoperative and postoperative IKDC and 
Tegner scores. The Mann-Whitney test was 
used to compare the age of the patient, gender, 
number of devices used, tear zone, tear stability, 
and knee laxity between meniscal repair 
failures and nonfailures. Kaplan-Meier curves 
were used to visually illustrate differences in 
time to reoperation between groups. 
Significance was set at P<0.05.

Results

Population characteristics

We prospectively evaluated 132 consecutive 
patients in whom 132 medial menisci met the 
inclusion criteria and underwent a medial 
meniscus repair through a posteromedial portal 
in conjunction with ACL reconstruction. The 
average age was 26.4 years (12-57), the average 
BMI was 24.3 (16-34) with a male to female 
ratio of five to one. The surgery was performed 
in the right knee in 88 cases (66.7%). There 
were 106 cases of primary ACL reconstruction, 
23 cases of revision ACL reconstructions and 
in 3 cases (2.3%) the procedure was a re-
revision procedure. For reconstruction, a 
semitendinosus-gracilis tendon graft was used 
in 89 knees (67.4%), a patellar bone-tendon-
bone graft was used in 41 knees (31.1%) and a 
quadriceps tendon graft was used in 2 knees 
(1.5%). The average side to side difference 
anterior knee laxity measured with the 
rolimeter (Aircast, Boca Raton, FL) 
preoperatively was 7mm (5-14mm). 
Preoperatively, the pivot shift test was normal 
in 7 cases, had a “glide” in 65 cases, a “clunk” 
in 23 cases and a gross pivot shift in 16 cases. 
It was not possible to test the pivot shift in 
21  cases. Characteristics of the suture are 
summarized in table 1.

Objective and subjective evaluation

The mean follow-up period was 27 months 
(range 24-29 months). 3 patients refused to 

participate in the study and 6 patients had a 
new severe traumatic event postoperatively, 
resulting in 3 recurrent ACL tears, 2  contra
lateral ACL tears and 1 lateral meniscus tear. 
These 9 patients reported no complaints about 
the sutured meniscus but were excluded from 
subjective IKDC final evaluation. The average 
subjective IKDC rose from 63.8 ± 13.5 (range, 
27-92) preoperatively to 85.7 ± 12 (range, 43-
100) at last follow up (P<0,0001). The Tegner 
activity scale at the last follow-up (6.9 ± 1.72) 
was slightly lower than before surgery (7.2 ± 
1.92) (P=0.0017). The rolimeter test decreased 
from a side to side difference in anterior knee 
laxity of 7mm (range, 5-14mm) to a mean 
value of 0.4mm (range: -3mm ± 5mm) at last 
follow up (P<0,0001). 82.2% of the patients 
returned to their premorbid level of activity.

Clinical failure

Unhealed tears

15 patients were found to be symptomatic 
according to Barret’s criteria. An MRI was 
performed in all cases. The tear appeared to be 
healed in 3 cases and unhealed in 12 cases. 

12 patients were considered as clinical failures 
(positive Barret’s criteria and unhealed tear on 
MRI examination). Clinical failure rate was of 
9%. It was of 4.9% in the sub-group “limited 
tear” and 15.7% in the sub-group “extended 
tear”. The extended lesions had an increased 
risk of clinical failure (P=0.036). 3 patients 
considered their symptoms were not so intense 
as to require revision surgery and only 
9 patients underwent a revision surgery.

Need for revision surgery

The primary outcome in this study was the 
need for reoperation on the repaired meniscus. 
9 patients (6.8%) had failure of the meniscal 
repair. 3.7% (3/81) occurred in the in the sub-
group of “limited tears” and 11.7% (6/51) in 
the sub-group “extended tears” (fig. 3). With 
repeat surgical intervention involving resection 
or revision of the repair as the end-point, the 
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cumulative survival rate of all-inside suture 
repair of the medial meniscus through a 
posteromedial portal during ACL reconstruction 
was 93.2% (95% CI 0.887 to 0.974) at the final 
follow-up (fig. 2). The average time between 
the primary repair and the reoperation was 
13.6 months (range, 5.3 to 19.7) months.

The cumulative survival rate in the subgroup 
limited tears (n=81) was 96.3% (95% CI 0.922 
to 1.000) at the final follow-up. The average 
time between the primary repair and the 
reoperation was 15.8 months ± 2.37 (range, 
13.1 to 17.8 months). 

The cumulative survival rate in the subgroup 
extended tears (n=51) was 87.8% (95% CI 
0.785 to 0.970) at the final follow-up. The 

average time between the primary repair and 
the reoperation was 12.6 months ± 6.2 (range, 
5.3 to 19.6 months). 

In the subgroup extended tears, the cumulative 
survival rate did not decrease significantly with 
the log rank test (p=0.069). 

The relative risk of failure is 3.4 CI 95% [0.69-
22.2] p=0,087 in the “extended” subgroup. The 
extended tears are not associated with a 
significant increased risk of revision of the 
medial meniscus. 

The aspect of the recurrent tear was: 
-	Two flaps between the pars intermedia and the 

posterior portion of the meniscus. The initially 
sutured lesion was a bucket handle tear (n=2).

Limited Tear Extended Tear Total

CHARACTERISTICS Total Sucess Failures Total Sucess Failures

Patient
Male
Average age of surgery
Primary ACL
Lateral meniscal tear
Lateral meniscal repair

81
67

28.2
66
29
25

78
82.1%
28.1

82.1%
37.2%
32.1%

3
100%
30.3

66.7%
0%
0%

51
43

27.9
43
16
16

45
82.2%
27.9

82.2%
31.1%
31.1%

6
100%
27.6

100%
33.3%
33.3%

132
110
28.1
109
45
41

MEDIAL MENISCUS

Bucket handle tear
Unstable tear
Ramp lesion
Red Red tear
Red White Tear

1.2%
51.9%
13.6%
81.5%
4.9%

1.3%
51.3%
12.8%
82.1%
5.1%

0%
66.7%
33.3%
66.7%

0%

19.6%
78.4%
3.9%
78.4%
17.6%

17.8%
75.6%
2.2%
80%

17.8%

33.3%
100%
16.7%
66.7%
16.7%

8.3%
62.1%
9.8%
80.3%
9.8%

MEDIAL MENISCUS REPAIR

All inside posterior 
Lasso sutures
Average no. ±SD
Median no. (range)
All inside Fast T Fix
% of patient
Average no. ±SD
Out in sutures
% of patient
Average no. ±SD
Average no. sutures 
±SD

2.1±0,7
2 (1-4)

0%
0

0%
0

2.1±0.7

2.1±0,7
2 (1-4)

0%
0

0%
0

2.1±0.7

1.7±0,6
2 (1-2)

0%
0

0%
0

1.7±0.6

1.9±0,8
2 (1-4)

92.2%
1.3±0.5

15.7%
1.3±0.5

3.3±1.0

1.9±0,9
2 (1-4)

93.0%
1.2±0.4

16.3%
1.3±0.5

3.21±1.0

2±0.9
2 (1-3)

83.3%
1.6±0.9

16.7%
1

3.5±1.4

2±0.8
2 (1-4)

35.6%
0.5±0.7

6.1%
0.1±0.3

2.5±1.0

Table 1: Overall results in 132 menisci, by number and percentage.
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-	Iterative ramp lesion (n=2).
-	Newly tear located more anteriorly to the 

initial tear (white/white zone) with the initial 
tear healed when scope positioned deep in the 
notch (n=5) (fig. 4).

The data did not offer enough statistical 
evidence at alpha=0.05 to establish a difference 
in median age (success: 28.1 ± 9.3 versus 
failure: 28.5 ± 10.0, p=0.87), sex (success: 
82.1% male versus failure: 100% male), 

(p=0.59), location of the meniscal tear (success: 
8.9% ramp, 81.3% red/red, 9.8% red/white 
versus failure: 11.1% ramp, 77.8% red/red, 
11.1% red/white) p=0.833, stability of the 
lesion (success: 60.2% unstable versus failure: 
88.9% unstable: p=0.15), number of suture 
utilized for repair (success: 2.5 ± 1.0 sutures 
versus failure: 2.9 ± 1.5 sutures: p=0.51) or 
knee laxity at last follow up (success: 0.43 ± 
1.38 mm versus failure: 0.67 ± 1.12mm: 
p=0.76) (Table 2).

Fig. 4: Kaplan-Meier plot 
of medial meniscal sur
vival between limited 
tears (tears limited to 
the posterior segment of 
the MM which required 
isolated all inside suture 
repair with the suture 
hook device) and ex
tended tears (tears that 
extended to the pars 
intermedia that required 
hybrid repair either with 
all inside implants or 
outside in suture). 

Success Failures P Value

Male (%) 82.1 100 0.59

Median age (Years ±SD) 28.1±9.3 28.5±10 0.87

Location (%)
     . Ramp lesion/Red-Red/Red-White 8.9/81.3/9.8 11.1/77.8/11.1 0.83

Average no. of suture ±SD 2.5±1 2.9±1.5 0.51

Unstable tear (%) 60.2 88.9 0.15

Laxity at last FU (mm ±SD) 0.43±1.38 0.67±1.12 0.76

Table 2: Effect of 6 factors on outcomes of meniscus repair.
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Complications related to the 
posteromedial portal

Two patients sustained a hematoma which 
required an arthroscopy lavage during the first 
week after the index surgery. It was not possible 
to conclude that this complication was related 
to the puncture of the saphenous vein during 
the posteromedial approach. No patient had a 
neuroma located at the level of the 
posteromedial approach. It was difficult to 
precise the incidence of saphenous nerve 
lesions due to the posteromedial approach 
because the hamstring removal can cause 

sensibility change in different territories of the 
saphenous nerve (infrapatellar or sartorius 
branches).

DISCUSSION

The most important finding of this study is that 
vertical posterior sutures through an additional 
posteromedial approach during ACL re
construction to repair peripheral tears of the 
posterior segment of the medial meniscus 
provided a high rate of meniscus healing and 
appeared to be safe and effective in this group 

Fig. 5: Newly formed injury after the medial meniscal repair of the right knee. (a) A meniscal flap with an 
anterior pedicle located in the red/white zone is detached. (b) This newly formed injury is identified by a 
residual nonabsorbable suture material on the meniscus. (c) Aspect of the medial meniscus after 
economical subsequent meniscectomy of the unstable flap, the vertical suture from the primary repair are 
left alone. (d) View of the posterior segment with the scope placed deep in the notch: the original tear site 
is healed completely.

a

c

b

d
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of patients. These lesions are very frequently 
encountered with concomitant rupture of the 
anterior cruciate ligament. They are very rarely 
isolated and they certainly occurred during the 
ligament rupture mechanism. The only 
circumstances in which we meet similar lesions 
(vertically oriented tears of the posterior 
segment of the MM) outside a context of 
ligament rupture are the cases of isolated 
bucket handle medial meniscus tears. During 
the same period only four patients underwent 
suturing of the posterior segment of the medial 
meniscus without ACL reconstruction. We then 
decided to exclude this patient when deciding 
to publish the series in order to have a more 
homogeneous group of patient. These four 
patients had the same technique using a suture 
hook device through a posteromedial approach. 
Despite the development of new devices, the 
failure rate of the repair of medial meniscus 
posterior horn tears remains high [7, 14]. With 
classic anterior portals, a failure to visualize 
the posterior horn of the MM may result in 
insufficient debridement of the lesion, while 
hybrid suture anchor placement may be at risk 
becoming a blind procedure. Furthermore, with 
visualization from anterior portals alone, it is 
not always possible to be sure to achieve a 
complete closure of the lesion. The risk is to 
fail to flip the anchors in the gap between the 
central and peripheral zone of the injured 
meniscus and to leave the lesion open [15]. 
Without an excellent view of the lesion, 
meniscal repair devices may induce different 
complications like migration or breakage of the 
implant [15, 16] leading to iatrogenic cartilage 
damage [8]. Hence, a better healing rate of 
posterior horn MM lesions may be expected 
through a better visualization, allowing for an 
improved diagnosis [17], an improved quality 
of the debridement prior to the repair and the 
control of a complete closure of the lesion [18]. 
Better visualization also allows the placement 
of vertical sutures perpendicular to the deep 
fibers of the menisci, which are biomechanically 
more adapted. The reduction of the lesion is 
visualized during the procedure, which is not 
possible in the all inside implantation. The 
same hook device can be used to do more than 
one suture.

When we compare our healing rate to those 
previously reported using this method of 
suture, we found an abnormally high rate of 
recurrent meniscal lesions. However, our 
healing rate at the location of the initial tear 
was comparable to the rate of 96.4% reported 
by Ahn et al. in a recent study with a second 
look arthroscopy [19]. In the current study, the 
high rate of recurrent tear was explained by 
newly formed injuries which were confirmed 
on the surface of 5 menisci. It is conceivable 
that these injuries were attributable to a residual 
cleft left by the path of the suture lasso and 
maintained by the use of a strong N° 2 non 
absorbable suture. These clefts on the avascular 
meniscal substance may remain in situ without 
healing and would favor the recurrence of a 
more centrally located lesion in the white/
white zone. We decided to change our suture 
from a strong non-resorbable suture to a PDS 
suture in order to reduce the risk of newly 
formed injury. From a biomechanical point of 
view, PDS 0 and PDS 1 sutures are re
commended for meniscal sutures to guarantee 
a high primary stability, a small amount of 
gapping, and fewer partial tissue failure [20] 
and was used by Ahn et al. and they did not 
report any newly formed injury in their series 
of  140 knees who had a second look arthro
scopy at a mean follow up of 37.7 months after 
an all inside suture of the posterior segment of 
the medial meniscus through a posteromedial 
portal [19]. However, in these 5  cases the 
amount of meniscectomy was decreased when 
compared with the initial lesion. We believe as 
advocated by Pujol et al. [21] that the meniscus 
can be partially saved and that a risk of a partial 
failure should be taken when possible.

The disadvantages of the all inside suture 
technique through a PM portal are that the 
second incision is necessary requiring more 
operative time. There is also a significant 
learning curve in placing and tying the sutures. 
There is also a potential risk for synovial fistula 
[22] but we did not encounter any in our series.  
The main risk of the posteromedial access is 
the saphenous nerve and vein injury. The 
popliteal artery, common fibular nerve, and 
tibial nerve are situated more laterally.  
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According to the anatomical studies, the portal 
is located at least 1.5cm from the saphenous 
nerve and vein. Morgan describes one case of 
transient hypoesthesia of the sartorius branch 
of the saphenous in one series of 70 cases 
probably due to an accessory access portal 
situated too anteriorly [10]. The clinical review 
of 179 patients who underwent  posterior 
approaches did not show serious complications 
but included 3 cases (1.7%) of residual 
hypoesthesia in the saphenous nerve, and  
2 cases of puncture of the saphenous vein [23]. 
The specific technique for passage of the 
arthroscope through the intercondylar notch is 
necessary to provide transillumination in order 
to avoid this complication.

Limitations

Our study has several weaknesses. We did not 
perform a systematic MRI or second-look 
arthroscopy and it is possible that some of the 
repaired menisci were healed incompletely. We 
acknowledge that a meniscal repair without 
symptoms postoperatively does not always 
reflect the true status of the meniscus and that 
only second-look arthroscopy can verify 
healing of the meniscus or not. It is also 
possible that longer follow-up would lead to 

poorer results. Further, this study was not a 
direct comparison with all inside repair with 
implants and in the extended meniscus tears, 
additional suture techniques were used which 
confound the results. Finally, all repairs were 
done during ACL reconstruction. We therefore 
cannot extrapolate these results to isolated 
meniscal repair with an ACL-intact knee. This 
study also includes several biases, including 
transfer bias (3 patients were lost to follow up), 
performance bias (multiple surgeons with 
different abilities), and selection bias because 
only peripheral longitudinal tears were repaired 
using this technique. Moreover, the transnotch 
vizualisation and the posteromedial approach 
allow diagnosing hidden lesion which could 
have been missed and not repaired using 
standard anterior portal and suture technique 
with all-inside meniscal implants [11].

CONCLUSION

Our results show that arthroscopic meniscal 
repair of ramp lesions during ACL re
construction with a suture hook device through 
a posteromedial portal provided a high rate of 
meniscus healing at the level of the tear and 
appeared to be safe and effective in this group 
of patients.
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PATIENT POSITIONING (fig. 1)

•	Operating room table kept flat,

•	Padded lateral thigh post,

•	Padded lateral hip positioner,

•	2 padded L-shaped foot supports.

THREE PORTAL TECHNIQUE 
FOR ANATOMIC 
SINGLE-BUNDLE ACL 
RECONSTRUCTION

Anatomic ACL reconstruction (ACLR) has tra
ditionally been performed using 2 arthroscopic 

portals, the anterolateral (AL) and the 
anteromedial (AM) portals. Limitations of the 
2 portal approach include the following:

•	The lateral wall of the intercondylar notch is 
viewed through the AL portal resulting in a 
tangential view of the ACL femoral 
attachment site which can potentially 
compromise the surgeon’s ability to accurately 
place the ACL femoral tunnel within the 
native ACL femoral attachment site;

•	Drilling the ACL femoral tunnel through the 
AM portal can result in shorter femoral tunnel 
lengths, limiting the length of the ACL graft 
that can be inserted into the ACL femoral 
tunnel when cortical suspensory fixation 
devices are used.

SINGLE-BUNDLE ACL 
RECONSTRUCTION: HOW I DO IT

C.H. BROWN

Fig. 1: Patient positioning. (a) Patient’s pelvis and torso is stabilized on the operating room table by a 
padded lateral hip positioner and padded thigh post. (b) The distal foot support is secured to the side rail of 
the operating room table near the end of the table. The patient’s torso is moved down the table until the 
knee is maintained at 90 degrees of knee flexion. (c) The proximal foot support is adjusted to maintain the 
knee in hyperflexion during drilling of the ACL femoral tunnel. (d) The height of the proximal and distal foot 
supports can be adjusted to maintain the desired degree of flexion during ACL graft tensioning and fixation.

a b c d
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Anatomic ACLR is facilitated by using a 
3  portal technique. The 3 portal technique is 
versatile and can be used when performing 
an anatomic ACL reconstruction with any 
type of ACL graft and most fixation methods. 
The 3   portal technique can be used for any 
primary, revision, single- or double-bundle 
ACL reconstruction. The technique is parti
cularly useful in cases where only one of the 
two ACL bundles is torn or there is a large 
remnant of the native ACL present. In these 
situations, an augmentation or tissue pre
serving procedure can be performed. 
Augmentation and tissue preserving proce
dures cannot be performing using a transtibial 
or an all-inside technique.

In the 3 portal technique, the AL and AM 
portals are used as viewing portals and the ACL 
femoral tunnel is drilled through an accessory 
anteromedial (AAM) portal. There are several 
advantages of the 3 portal technique compared 
to the traditional 2 portal approach:

•	The 3 portal technique allows the surgeon to 
interchange the working and viewing portals 
according to the specific task that is being 
performed;

•	In the 3 portal technique, the lateral wall of 
the intercondylar notch can be viewed 
orthogonally through the AM portal while the 
AAM portal is used as a working portal for 
instrumentation. This approach allows the 
surgeon to look and work in the same 
direction, making it easier to achieve more 
consistent and accurate placement of the ACL 
femoral tunnel within the native ACL femoral 
attachment site;

•	Viewing the lateral wall of the intercondylar 
notch through the AM portal also eliminates 
the need to perform a notchplasty for 
visualization purposes;

•	Drilling the ACL femoral tunnel through the 
AAM portal increases the obliquity of the 
ACL femoral tunnel relative to lateral wall of 
the intercondylar notch, resulting in a longer 
femoral tunnel.

ARTHROSCOPIC PORTALS

•	AL portal is created as close as possible to the 
lateral border of the patellar tendon at the 
height of the inferior pole of the patella;

•	AM portal is created under arthroscopic 
control at the height or slightly higher than 
the inferior pole of the patella. An 18 gauge 
spinal needle is passed into the knee joint 
medial to the medial border of the patellar 
tendon and directed toward the roof of the 
intercondylar notch. The height of the spinal 
needle is adjusted such that the shaft of the 
spinal needle comes to lie parallel to the roof 
of the intercondylar notch. This step results in 
the external position of the spinal needle 
being located proximal to the inferior pole of 
the patella. Placing the AM portal at this 
location ensures adequate spatial separation 
between the viewing AM and the working 
AAM portal. Due to the curvature of the 
inferior pole of the patella, moving the AM 
portal more medially makes it is possible to 
achieve a higher AM portal position, creating 
greater separation between the AM and AAM 
portals (fig. 2).

Fig. 2: Surface landmarks and arthro
scopic portals: anterolateral portal (AL), 
anteromedial portal (AM), accessory 
anteromedial portal (AAM).
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Proper placement of the AAM portal is one of 
the most critical aspects of the technique. The 
location of the AAM portal is the major factor 
determining the length of the ACL femoral 
tunnel. When properly placed, drilling the ACL 
femoral tunnel through the AAM portal results 
in a longer ACL femoral tunnel compared to 
drilling through the AM portal. The preliminary 
location for the AAM portal is marked just 
proximal to the medial joint line. The final 
position for the AAM portal is created under 
arthroscopic visualization.

•	A more medial placement of the AAM portal 
will result in a more perpendicular orientation 
of the drill with respect to the lateral wall of 
the notch, producing a more circular-shaped 
tunnel aperture and a shorter femoral tunnel 
(fig. 3).

•	Moving the AAM portal more laterally 
orients the drill more obliquely with respect 
to the lateral wall of the notch and produces a 
more elliptically-shaped ACL femoral tunnel 
aperture and a longer femoral tunnel (fig. 4).

The location of the AAM portal is adjusted 
based on the ACL graft type and femoral 
fixation method. For example, if a bone-
patellar tendon-bone ACL graft is used with 
interference screw fixation of the femoral bone 
block, a 25mm femoral tunnel length will allow 
the bone block to be fully seated in the femoral 
socket. In this situation, the AAM portal can be 
positioned more medially. For hamstring 
tendon grafts fixed with a femoral cortical 
suspensory fixation device, a longer femoral 
tunnel in the 35-45mm range is optimal. In this 
situation, the AAM portal is moved more 
lateral to achieve a longer femoral tunnel.

ANATOMIC ACL FEMORAL 
TUNNEL PLACEMENT

It is widely accepted that when performing an 
anatomic ACLR, the ACL femoral tunnel 
should be placed within the native ACL femoral 
attachment site. Anatomic ACL femoral tunnel 
placement is best achieved by identifying the 

Fig. 3

Fig. 4
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center of the native ACL femoral attachment 
site. Using the center of the native ACL femoral 
attachment site as a defined anatomic reference 
point, the surgeon may choose to alter the 
location of the ACL femoral tunnel within the 
ACL femoral attachment site based on different 
philosophies.

•	A central position within the native ACL 
femoral attachment site is favored by many 
surgeons based on biomechanical studies 
demonstrating that a single-bundle ACL graft 
positioned at the center of the native ACL 
femoral and tibial attachment sites best 
controls anterior tibial translation and tibial 
rotation during a simulated pivot shift test 
and more closely restores knee kinematics to 
that of the normal knee compared with other 
anatomic ACL graft placements (fig. 5).

•	Moving the center of the ACL femoral tunnel 
towards the region of the center of the 
anteromedial (AM) bundle attachment site 
will result in an ACL graft that has smaller 
graft-length changes (isometric) and 
experiences lower and relatively constant in 
situ ACL graft forces. Lower in situ ACL 
graft forces may theoretically reduce the risk 
of ACL graft re-rupture compared to a 
centrally placed ACL graft which experiences 
higher in situ ACL graft forces. However, 

moving the center of the ACL femoral tunnel 
towards the center of the AM bundle 
attachment site often results in a more vertical 
orientation of the ACL graft that is not as well 
aligned as a centrally placed graft to control 
the pivot-shift phenomena (fig. 6).

•	Moving the center of the ACL femoral tunnel 
towards the center of the posterolateral (PL)  
bundle attachment site results in an ACL graft 
that experiences larger graft-length changes 
and higher in situ ACL graft forces in 
extension. Although this femoral tunnel 
position results in a more horizontal ACL 
graft orientation that is better aligned to 
control the pivot shift, higher in situ ACL 
graft forces and greater ACL ligament strain 
could theoretically increase the risk of ACL 
graft re-rupture (fig. 7).

Recent studies have demonstrated that the ACL 
fibers in the region of the direct insertion 
contribute more restraining force to anterior 
tibial translation and the pivot shift phenomena. 
To restore more of these fibers, the ACL 
femoral tunnel is positioned higher in the 
attachment site closer to the lateral 
intercondylar ridge and midway between the 
center of the AM bundle and the center of the 
native attachment site (fig. 8).

Fig. 5
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Fig. 6

Fig. 7

Fig.8
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STRATEGIES TO FIND THE 
CENTER OF THE ACL 
FEMORAL ATTACHMENT 
SITE

•	View the lateral wall of the notch through the 
AM portal;

•	Place the knee in the figure-four position. 
This position opens up the lateral compartment 
by lifting the lateral femoral condyle away 
from the lateral meniscus, allowing better 
visualization of the deep (proximal) part of 

the ACL femoral attachment site and the low 
(posterior) part of the attachment site where 
the indirect ACL fibers (fan-like extension 
fibers) insert (fig. 9).

•	Use the native ACL footprint if present 
(fig. 10).

•	Bony ACL ridges (fig. 11).

•	ACL ruler (fig. 12).

•	Fluoroscopy (most reproducible and accurate 
method) ruler (fig. 13).

Fig. 9

Fig. 10 Fig. 11

Fig. 12 Fig. 13

AL Portal View AM Portal View Figure-Four: AM Portal View.
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DRILLING THE ACL 
FEMORAL TUNNEL

•	Desired femoral tunnel location marked with 
a microfracture awl;

•	ACL femoral tunnel drilled in hyperflexion;

•	More flexion = longer femoral tunnel;

•	Angling the guide pin more laterally increases 
the obliquity of the tunnel and increases the 
femoral tunnel length.

DRILLING THE ACL TIBIAL 
TUNNEL

•	View the ACL tibial attachment site through 
the AM portal. This approach positions the 
arthroscope directly over the ACL tibial 
attachment site resulting in an orthogonal 

view. This view allows for more accurate 
assessment of the guide pin location within 
the ACL tibial attachment site in both the 
anterior-posterior and medial-lateral 
directions.

•	ACL tibial guide inserted through the AAM 
portal. This positions the arm of the aimer 
parallel to the joint line.

•	Tibial guide pin positioned anterior to the 
posterior border of the lateral meniscus and 
as far medially in the footprint as possible.

•	The tibial aimer bullet is marked with a 
surgical marker at the desired tibial tunnel 
length.

•	The tibial aimer arm is raised or lowered until 
the marked position on the aimer bullet 
contacts the end of the aimer handle when the 
bullet is flush with the anterior cortex of the 
tibia.

Fig. 14: Algorithm for ACL femoral tunnel placement.
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•	These steps allow a tibial tunnel of a known 
length to be drilled, allowing the issue of 
graft-tunnel length mismatch to be addressed.

•	The tibial tunnel is initially drilled with a 
small diameter drill bit such as the 4.5 or 
5mm fully fluted drill bit. The guide pin is 
repositioned eccentrically in the desired 
direction within the drilled tunnel using a 
small clamp inserted through the AL portal, 
and the tunnel is sequentially drilled by 1mm 
increments up to the final diameter of the 
tibial tunnel. These steps allow the tibial 
tunnel to be positioned as far medially in the 
tibial attachment site as possible.

GRAFT TENSIONING

At the present time, the optimal graft tension 
and knee flexion angle for a single-bundle ACL 

reconstruction are unknown. The usual graft 
excursion pattern for a femoral tunnel 
positioned near the center of the ACL 
attachment site results in the ACL graft 
tightening (pulling into the tibial tunnel) during 
the last 30 degrees of extension. In this 
situation, the graft is fixed at 20 degrees of 
flexion with a posterior force applied to the 
anterior tibia to hold the tibia in a reduced 
position. A spring-loaded tensioning device is 
used to tension the ACL graft.  For 5-strand 
hamstring tendon grafts, a 60N load is applied. 
For 6-strand hamstring tendon grafts, a 70N 
load is applied.

GRAFT FIXATION

The graft is fixed with a tapered 7-9mm or 
8-10mm, 30mm long bioabsorbable inter
ference screw (fig. 15).

Fig. 15
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ACL AUGMENTATION AND 
ITS POTENTIAL ADVANTAGE

Anterior cruciate ligament (ACL) rupture is 
one of the most frequent orthopaedic sports-
related injuries, and ACL reconstruction has 
become a common surgical treatment in the 
field of orthopaedic sports medicine. It is 
important to continue to develop new 
approaches to reconstruct the normal ACL 
from the biomechanical and biological point of 
view. Anatomic ACL reconstruction has 
attracted much attention because of its greater 
potential to restore knee kinematics. Over the 
past few years, an emerging body of evidence 
has shown the importance of anatomic ACL 
reconstruction. Restoration of normal bio
mechanical function is one of the essential 
factors for successful ACL reconstruction. 
However, early biological healing of the 
grafted tendon is also vital to obtaining 
satisfactory clinical results. Accelerated graft 
remodeling, ligamentization, and reinnervation 
of the grafted tendon are necessary in order to 
restore sufficient function and mechanical 
strength to the reconstructed ACL [1].

Arthroscopic examination for ACL re
construction occasionally demonstrates a 
relatively thick and abundant ACL remnant, 
maintaining a bridge between the tibia and the 
intercondylar notch. The femoral attachment of 

the ACL remnant is positioned abnormally in 
many cases. This represents a complete rupture 
of the ACL. However, a partial rupture of the 
ACL can be observed sometimes. In cases of 
partial ACL rupture, although complete rupture 
of the anteromedial (AM) or posterolateral 
(PL) bundle can be seen, the other bundle is 
preserved, if not normally, with an attachment 
of anatomical femoral origin. In standard 
single- or double-bundle ACL reconstruction, 
the ACL remnant is totally debrided. However, 
the ACL remnant has synovial tissue which 
contains many capillary blood vessels. An 
experimental animal study showed greater 
cellularity and angiogenesis in augmented 
grafts than in conventionally reconstructed 
grafts [2]. In addition, it is known that the ACL 
has an important proprioceptive function for 
the knee. Several studies have shown that 
human ACL remnants contain some types of 
mechanoreceptors [3]. Moreover, several 
studies have shown that the ACL remnant can 
contribute to biomechanical stability of the 
knee to some extent [4]. Therefore, ACL 
augmentation (remnant-preserving ACL re
construction) might have several advantages: 

•	Preservation of the ACL remnant may 
accelerate cellular proliferation, revascula
rization, and ligamentization of the grafted 
tendon;

•	With respect to the proprioceptive function of 
the knee, the preserved mechanoreceptors in 
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the ACL remnant may have a positive effect 
on the proprioceptive ability of the knee; 

•	The ACL remnant may contribute to 
anteroposterior knee stability and guarantee 
mechanical strength in the early postoperative 
period.

Potential advantages of ACL augmentation are 
attractive in terms of early biological healing of 
the grafted tendon. In 1992, Ochi started 
performing ACL augmentation, when indica
ted, without sacrificing the ACL remnant by 
using an autogenous semitendinosus tendon 
under arthroscopy. In 2000, Adachi and Ochi et 
al. [5] reported that the knee stability and 
proprioceptive function of 40 patients who 
underwent ACL augmentation were superior to 
those of 40 patients who underwent standard 
single-bundle ACL reconstruction during the 
same period. However, the surgical procedure 
of ACL augmentation at this period required 
two incisions because the graft was passed 
through the over-the-top route on the femoral 
side. Therefore, in 1996 Ochi started 
performing ACL augmentation using the one-
incision technique with EndoButton-CL [6, 7]. 

INDICATIONS FOR ACL 
AUGMENTATION

It is sometimes difficult to decide whether the 
remaining bundle of the ACL represents a 
partial rupture or a complete rupture. The 
decision is made after thorough consideration 
of clinical tests, laxity measurements, MRI, 
and arthroscopic findings [1, 4, 7]. Quantitative 
evaluation of anteroposterior knee joint laxity 
can aid in this decision. We consider patients as 
candidates for ACL augmentation when the 
side-to-side difference in the anterior dis
placement of the tibia is less than 5mm. MRI 
also provides important information to evaluate 
the condition of the ACL bundles. However, 
the final decision should be made after 
arthroscopic confirmation of the status of the 
injured ACL.

Partial rupture of the ACL is an ideal indication 
for ACL augmentation. However, in our 

previous studies, the frequency of partial ACL 
tear was only 10% during the study period 
between 2002 and 2005 [6], and 20% between 
2006 and 2008 [4]. In 2008, we began 
performing ACL augmentation even for 
patients with continuity of the ACL remnant 
between the tibia and the femur after complete 
ACL rupture. In this complete rupture group, 
indication for the procedure comprises cases 
whose ACL remnant maintains a ligamentous 
bridge between the intercondylar notch and the 
tibia, and whose proximal ACL remnant 
diameter is greater than one-third of the original 
size. Anatomic central single-bundle or double-
bundle [8] ACL reconstruction with the 
remnant preserving technique is performed for 
patients in the complete rupture group. Since 
2006, ACL augmentation has attracted much 
attention in the field of ACL reconstruction. 
Several ACL augmentation techniques have 
been described, including selective AM or PL 
bundle reconstruction [7, 9], the remnant 
retensioning technique, anatomic single- or 
double-bundle ACL augmentation for complete 
rupture, and preservation of the ACL tibial 
remnant. 

SURGICAL TECHNIQUE

In this section, a brief description of the 
surgical techniques of single-bundle ACL 
augmentation is provided. A quadrupled 
semitendinosus tendon or four-strand semi
tendinosus and gracilis tendon is desirable as 
the graft for the augmentation. The antero
lateral, anteromedial and the far-anteromedial 
portals are used for the surgery. 

Femoral bone tunnel

For femoral bone tunnel preparation, the far-
anteromedial portal technique is used because 
this technique allows more flexibility in 
accurate anatomical positioning for femoral 
tunnel drilling than the transtibial technique. A 
delicate debridement and bone tunnel 
placement is important to preserve the ACL 
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remnant. Whilst it is true that the femoral 
attachment of the ACL is mainly on the 
resident’s ridge, the grafted tendon is pulled 
and shifts to the anterodistal side of the femoral 
tunnel opening in the knee extension and mild 
flexion position. Therefore, our thinking at this 
point is that the center of the femoral tunnel 
opening should not be on the resident’s ridge, 
but should be placed just behind the resident’s 
ridge when using hamstring tendon for ACL 
reconstruction [1]. 

Partial rupture of the ACL is an ideal indication 
for ACL augmentation. In cases of partial 
rupture, single-bundle reconstruction of the 
ruptured bundle is desirable, to minimize 
damage to the ACL remnant. However, it may 
be true that the remaining AM or PL bundle is 
not completely intact and that the biomechanical 
function of the remaining bundle declines to 
some extent. Therefore, in cases of PL bundle 
rupture, the central portion of the femoral 
tunnel should not be the center of the femoral 
attachment of the PL bundle. It is recommended 
that approximately three-quarters of the 
femoral tunnel opening is occupied by the 
femoral attachment of the PL bundle and 
approximately one-quarter by the femoral 
attachment of the AM bundle. The same goes 
for AM bundle rupture. As for the patients with 
a thick ACL remnant between the intercondylar 
notch and the tibia after complete ACL rupture, 
the positions of the femoral tunnels is the same 
as used for standard anatomic single-bundle 
ACL reconstruction. 

Tibial bone tunnel

A longitudinal slit is made at the center of the 
ACL remnant through the anteromedial portal. 
The ACL tibial guide, with the angle set at 60°, 
is used to pass a guide pin or Kirschner wire. 
The tip of the tibial drill guide is placed through 
the slit of the ACL remnant. In cases of PL 
bundle rupture, the tibial tunnel is positioned 
in the center of the tibial insertion of the 

whole ACL. In cases of AM bundle rupture 
and complete rupture, the tibial tunnel is 
located just posteriorly to the anterior margin 
of the footprint. 

Graft passage and fixation

The graft composite is introduced from the 
tibial tunnel to the femoral tunnel. In cases of 
PL bundle rupture, if the graft passes above the 
ACL remnant, the positional relationship is 
anatomically incorrect. Therefore, in cases of 
PL bundle rupture (fig. 1) and complete rupture, 
the graft passes through the slit of the ACL 
remnant. However, in cases of AM bundle 
rupture, the graft passes above the ACL 
remnant (fig. 2). After passage of the graft 
composite, the proximal side of the graft is 
fixed to the lateral femoral cortex by flipping 
the Endobutton. Then, a tension force of 50 N 
is applied to the distal Endobutton tape 
connected to the graft, and the grafted tendon is 
fixed at 30° of knee flexion using two staples 
(double stapling technique). We also perform 
double-bundle reconstruction with the 
remnant-preserving technique (fig. 3). 

Fig. 1: Anteromedial (AM) bundle- preserving ACL 
augmentation for posterolateral (PL) bundle 
rupture (white arrow, grafted tendon; black arrow, 
preserved AM bundle).
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SECOND-LOOK 
ARTHROSCOPIC 
EVALUATION AFTER ACL 
RECONSTRUCTION

Several studies have assessed graft conditions 
after ACL reconstruction by direct observation 
with use of second-look arthroscopy. Second-
look arthroscopy after ACL reconstruction is 

one of the most reliable types of examination to 
provide valuable prognostic information on the 
graft, such as synovial coverage, tension, and 
damage of the graft, as well as on synovial 
coverage of the space between the opening of 
the femoral bone tunnel and the graft. Second-
look arthroscopy shows that graft loosening or 
partial tear can occur even in clinically 
successful knees. Moreover, it is known that 
synovial coverage of the grafts differs 
substantially between cases. Good synovial 
coverage over the graft may accelerate 
revascularization and cellular proliferation of 
the grafted tendon. In addition, sufficient 
synovial coverage may improve proprioceptive 
ability of the knee after ACL reconstruction. 
Recently, we reported on the clinical outcomes 
and second-look arthroscopic findings of 
216  patients who underwent ACL re
construction (central anatomic single- or 
double-bundle ACL reconstruction) or ACL 
augmentation [10]. In 94 of the 216 patients, 
knee joint proprioceptive function was 
evaluated using the threshold to detect passive 
motion test (TTDPM) before and 12 months 
after surgery. Second-look arthroscopy showed 
significantly better synovial coverage over the 
graft in the ACL augmentation group (good, 
82%; fair, 14%; poor, 4%) than in the other 
two groups. The mean side-to-side difference 
of anterior displacement of the tibia measured 
with a KT-2000 arthrometer was 0.4mm in the 
augmentation group, 0.9mm in the double-
bundle group, and 1.3mm in the single-bundle 
group. Hence, the result differed significantly 
between the augmentation and single-bundle 
groups. No significant difference in the 
Lysholm knee score or pivot-shift test was 
observed between the three groups. In patients 
with good synovial coverage, three of the four 
measurements used revealed significant 
improvement in knee joint proprioceptive 
ability. In conclusion, patients in the ACL 
augmentation group exhibited better knee 
stability than those in the standard single-
bundle reconstruction group and better synovial 
coverage over the graft upon second-look 
arthroscopy than those in the standard anatomic 
single- and double-bundle reconstruction 
groups. Improvement in knee proprioceptive 
ability was observed in patients with good 

Fig. 2: Posterolateral (PL) bundle- preserving ACL 
augmentation for anteromedial (AM) bundle 
rupture (black arrow, grafted tendon; white arrow, 
preserved PL bundle).

Fig. 3: Double-bundle reconstruction with the 
remnant-preserving technique (short white arrow, 
grafted PL bundle; long white arrow, grafted AM 
bundle; black arrow, preserved ACL remnant).
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synovial coverage of the graft. Therefore, ACL 
augmentation may be a reasonable treatment 
option for patients with favorable ACL 
remnants.

DAMAGE TO THE 
ARTICULAR CARTILAGE 
AND MENISCUS

It is well known that articular cartilage and 
meniscus injury often occurs in conjunction 
with ACL injury. The articular cartilage injury 
is typically described as the most important 
predictor of poor clinical outcomes after ACL 
reconstruction. In addition, the damage to the 
articular cartilage is also a significant predictor 
of failure to return to sports following ACL 
reconstruction. It is indisputable that proper 
anatomic ACL reconstruction is important to 
obtain normal knee stability and function. 
However, even when knee stability and 

function have been achieved using anatomic 
ACL reconstruction, the long-term clinical 
results are affected by the condition of the 
articular cartilage. We investigated the 
relationship between the progression of 
articular cartilage damage and meniscal 
surgery (normal, repair, or partial menisc
ectomy) in conjunction with anatomic ACL 
reconstruction or augmentation, using second-
look arthroscopy. The results of our study 
indicated that although partial meniscectomy 
was strongly associated with progression of 
articular cartilage damage, meniscal repair was 
not associated with the progression (ongoing 
study). The surgical technique used for ACL 
reconstruction (central anatomic single- or 
double-bundle ACL reconstruction, or ACL 
augmentation) did not significantly influence 
the progression of cartilage damage. Although 
proper ACL reconstruction is extremely 
important, meniscal repair should be 
performed, where possible, to limit the 
progression of articular cartilage damage.
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INTRODUCTION

Anterior cruciate ligament (ACL) injury is one 
of the most severe injuries in sport. Three quar
ters of anterior cruciate ligament injuries are 
non contact injuries. Furthermore, Wright [1] 
described a controlateral ACL tear rate of 12%.

Surgical techniques have evolved dramatically 
in the past decade thanks to arthroscopic 
techniques, graft choices and bony fixation 
techniques.

Understanding the mechanism of failure is 
critical to otpimize prevention strategies.

Prevention programmes work on the risk 
factors of ACL injuries: They include intrinsic 
factors and extrinsic factors.

Intrinsic risk factors try to explain the 
mechanism of non contact ACL injury 
including anatomical factors (tibial slope and 
intercondylar notch stenosis), gender factors, 
gene factors, biomechanical factors (knee 
valgus, knee recurvatum, joint laxity) 
neuromuscular deficit.

ANATOMICAL FACTORS

Tibial slope

Tibial plateau slope is one of the most often 
stated anatomic structures that could cause 
ACL injuries in the literature. Biomechanical 
studies have demonstrated that translation of 
the tibia resulted from the tibia plateau slope 
and created an anteriorly directly applied force. 
The tibial plateau must influence the in situ 
force of the ACL [2].

Tibial plateau slope is defined through several 
medical examinations either X-ray or in an 
MRI [3]. There is no significant difference 
between the radiographic methods and the 
MRI.

The most important findings of the meta-
analysis [2] is that medial tibial plateau slope 
(MTPS) and lateral tibial plateau slope 
(LTPS) are risk factors for ACL [4]. In an 
X-ray, tibial slope is defined as the angle 
between a line on the surface of the plateau 
and a tibial anatomic reference. The angle is 
within the range of 5-7°.
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From this anatomic risk factor, several studies 
have described a revision of an ACL re
construction, a tibial deflexion osteotomy to 
correct the tibial slope. It’s suggested that 
correction is needed when the angle is over 12° 
and it can reduce the risk of recurrent failure. 
The technique is an anterior closing wedge 
tibial osteotomy with or without detachment of 
the patellar tendon [6].

Intercondylar notch stenosis

The shape of the femoral notch at the anterior 
outlet has also been associated with ACL 
injury.

This intercondylar notch has been described by 
radiographics, MRI, arthroscopy and cadaveric 
studies. The U shape is not always identified by 
the same anatomic description. Stenosis is 
made by a bony ridge on the anteromedial 
notch or a narrow apex.

Notch width (black arrows) is measured 
halfway between the notch roof and floor; ridge 
thickness (white arrows) is measured 
perpendicular to the adjacent notch wall at its 
widest portion From Joshua S. Everhart [7].

But literature is controversial. One point is the 
technique and the mesure of the intercondylar 
notch. The second point is the mechanism of 
failure. Most ACL injuries are known to occur 
with the knee in partial flexion. Most failures 
occur close to the femoral attachement site. An 
impingement mechanism would brake the 
ACL’s need near the stenosis [7].

From Haschimi et al. [5]

Reconstruction of the notch
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GENDER FACTOR

The fact is that females have 3 times greater a 
risk of ACL injury than males participating in 
the same sport. There are multiple studies 
indicating a contribution between hormonal 
factors and increased ligamentous laxity during 
the first half of a menstrual cycle [8]. 
Biomechanical explanation for the changes is 
most likely related to the increased levels of 
relaxin and oestrogen mediated reduction in 
pro collagen. Oral contraceptive and neuro
muscular training may increase dynamic knee 
stability and lessen the risk of ACL injury.

GENE FACTOR

Collagen is the most important component of 
ligaments. Type 1 collagen accounts for 85% of 
collagen and the rest is made up of types 3, 5, 
6, 9. It has been previously demonstrated that 
individuals who have a family history of ACL 
tears show twice as high a risk of ACL rupture 
as another. There is an association between 
Col3 A1 and Col1 A1 and ACL ruptures [9]. 
This knowledge can help athletes with their 
training.

BIOMECHANICAL FACTOR

Valgus knee: The literature is controversial, 
numerous studies have shown that a valgus 
moment and valgus rotation are not associated 
with ACL injury. But some training programs 
for ACL injury have shown a reduction in 
trauma. Also valgus knee effects the axial 
compressive force on the lateral side of the 
knee and may contribute to an internal 
rotation [10].

Foot and Ankle: Boden et al. identified a safe 
and an injured position of the ankle associated 
with ACL injury. This can be associated with 
the lower ankle plantar flexion of athletes. 
When the ankle is not in appropriate extension, 
the tibia is in an unstable position and 

subluxation is easier than rolling. This ankle 
plantar flexion is one of the most crucial 
aspects for preventing ACL injury [10].

Torso and hip: Only 3 articles relate to torso 
and hip implication in ACL injury. After video 
analysis, authors concluded that patients who 
had ACL rupture had significantly higher hip 
flexion angles. From this data, prevention 
programs worked on torso stabilisation.

NEUROMUSCULAR

Just a few articles report information on 
neuromuscular risk factors of ACL injury [11].

Quadriceps: There is a postulat that the anterior 
vector of the quadriceps is the primary 
contributing force of ACL injury because the 
quadriceps are the biggest ones. But quadriceps 
force is full in extension and compressive force 
is larger than anterior force. On the MRI, bone 
bruising is more associated with compressive 
force than anterior translation.

Hamstring tendon: The Hamstring tendon has 
been proposed as a protective mechanism for 
the ACL. As the quadriceps, the hamstring 
tendon further determines a tibio-femoral joint 
compression force with minor posterior 
protective forces.

CONCLUSION

All these intrinsic factors must be known for 
several reasons. It can help with a training plan 
and prevent ACL injury. It can help also the 
surgeon performing ACL surgery strategy and 
revision of failed ACL reconstruction. However 
for the moment, the most important intrinsic 
factor is probably the tibial slope and must be 
known for the tibial deflexion slope osteotomy 
in revision ACL procedure.

The gender factor is more interesting for 
epidemiology. For the moment, evidence for 
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biomechanical and neuromuscular risk factors 
are low. Neuromuscular and biomechanical 
aspects of the knee need further research and 
are included in the training and prevention 
program for ACL injury. It is also the main 

point of the post ACL reconstruction 
rehabilitation protocols. The new approach 
when returning to sporting activities after ACL 
reconstruction is focused on the resolution of 
neuromuscular deficits.
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INTRODUCTION

The articular surfaces of the tibiofemoral joint 
in combination with the primary ligaments 
play an important role in controlling the 
biomechanical behavior of the joint. In 
particular, the geometry of the tibial plateau 
has a direct influence on the biomechanics of 
the joint in terms of translation, the location of 
instantaneous center of rotation, the screw-
home mechanism, and the strain biomechanics 
of the knee ligaments such as the anterior 
cruciate ligament (ACL) [1].

It is probable that the cruciate, collateral 
ligaments and the menisci are functional 
members that act in concert to align the 
opposing knee joint surfaces to afford 
congruent contact and normal kinematic 
articulating motion [2].

ACL injury occurs predominantly via 
noncontact mechanisms. Because of a high 
incidence of long-term sequelae to ACL injury 
including pain, instability, and early 
development of osteoarthritis, identification of 
risk factors for ACL injury is an important step 
in the development of injury prevention [3].

Recently in the literature, there has been a great 
focus on anatomic risk factors [4].

Posterior Tibial slope (PTS) is commonly 
defined as the angle between a line fit to the 
posterior-inferior surface of the tibial plateau 
and a tibial anatomic reference line [5, 6, 7, 8, 
9, 10, 11].

Biomechanically, a higher tibial slope in the 
presence of a compressive load will generate a 
higher anterior shear component of the tibio-
femoral reaction force, resulting in increased 
anterior motion of the tibia relative to the 
femur. Because the ACL is the primary restraint 
against this type of motion in the knee, it 
logically follows that an increase in posterior 
tibial slope will generate an increased load in 
the ACL. This hypothesis was first by Butler 
et al. in the year 1980 [3].

Reliable clinical measurements of posterior 
tibial slope are important for understanding 
ACL injury mechanisms. It’s widely mentioned 
in the literature that ACL-injured individuals 
have a greater posterior tibial slope than 
healthy controls [12].

It remains unclear whether the risk of 
noncontact ACL injury could be increased in 
those with increased slope in one or both 
compartments and individual analysis of the 
compartments separately could be essential to 
understand the functional consequences of 
tibial slope [13].

TIBIAL SLOPE AND ACL RUPTURE: 
MRI ASSESSMENT

S. LUSTIG, A. ELMANSORI, T. LORDING, 
E. SERVIEN, P. NEYRET
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The medial and lateral PTS are not necessarily 
identical in one given knee and differences of as 
much as 27° have been reported in cadaveric 
studies [14]. An increased lateral tibial slope 
relative to the medial tibial slope can influence 
dynamic landing biomechanics by coupling 
knee abduction with internal tibial rotation [12].

Various models for PTS measurement on 
conventional lateral radiographs have been 
described, however it is still imprecise. As a 
consequence of superimposition, the lateral 
tibial plateau is difficult to identify and separate 
assessment of the plateaus is not reliably 
possible on lateral radiographs [14].

Previous studies have validated different 
radiographic methods for measuring posterior 
tibial slope [12]. No significant difference 
exists between radiographs, computed tomo
graphy, and magnetic resonance imaging 
(MRI); recent work has focused on MRI [12].

Although lateral radiographs are better to 
assess the medial PTS, they are inadequate for 
reliable and separate PTS and MS assessment. 
Therefore, it’s recommended to use conven
tional MRI scans of the knee, because they 
allow simple assessment of each plateau 
separately and provide the possibility to assess 
the MS reliably [6] and methods using three-
dimensional computed reconstructions are 
time-consuming and complex [15].

One of the greatest strengths of using MRI for 
this application is the ability to visualize the 
surface geometry of the articular cartilage. 
Because this represents the functional point of 
tibiofemoral articulation and is not visible on 
radiographs, it permits visualization and 
measurement of the separate compartments 
and their associated tissue structures [13].

The effects of patient demographics, such as 
gender and age, on tibial slope have not been 
fully elucidated. Females are at greater risk of 
noncontact ACL injury and a steeper tibial 
slope has been observed in females [13]. 
Multiple studies showed that women have a 
greater propensity for ACL injury compared to 
their male counterparts [3, 4, 6, 20, 21].

It has been suggested that a possible risk factor 
for this observation is that women have a nar
rower notch than men and even smaller ACLs.

Gender-and age-specific assessments of the 
STS and BS could be important and may 
explain the difference in the incidence of 
anterior cruciate ligament rupture between 
individuals, as well as differences in function 
following high tibial osteotomies [13].

The soft tissues (e.g. cartilage and meniscus) 
may influence tibial slope and consequently 
play a role in antero-posterior stability of the 
knee joint. The posterior horn of the menisci is 
thicker than the anterior one, and this could 
decrease the postero-distal slope [16].

The aims of this study were to evaluate the 
correlation between the tibial slope and the non 
contact ACL – injury using MRI, as well as to 
determine the effects the menisci on tibial 
slope. It was hypothesized that the meniscus 
would reduce the differences in slope between 
the medial and lateral compartments of the 
same knee. In addition, it was hypothesized 
that the presence of meniscus would correct the 
bony inclination of the tibial slope towards the 
horizontal.

SUBJECTS AND METHOD

A large group from the Croix-Rousse Hospital 
in Lyon city was followed from January 2012 
to December 2015. The patients were accepted 
for knee interventions; none were diagnosed 
with gonarthrosis. Two groups of patients were 
established. The examined group consisted of 
100 patients (67 male & 33 female) with 
isolated complete or partial ruptures of the 
ACL injury with age group 18-63 (Mean ± SD, 
33.76 ± 10.81). The control group consisted of 
100 patients whose major complaint was 
patella-femoral pain and their MRIs reveled 
intact ACL (52 male & 48 female) and their 
ages were ranged from 18-86 (Mean ± SD, 
43.65 ± 15.96).

Approval was obtained from the ethics 
committee of the medical institution at which 
the patients were treated.
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All measurements of the tibial bony slopes and 
meniscal slopes angles were carried out by 
using the annotation tools on the digital Picture 
Archiving and Communication System (PACS) 
provided by the hospital. For a given 
measurement, the maximum deviation from 
the actual value does not exceed 0.5°. Proton 
density sagittal sections of the MRIs were 
selected to measure the angles.

All the MRIs were obtained from a single 1.5-T 
MRI scanner (manufacturer-supplied quadra
ture head coil, Philips Medical Systems). We 
chose three sagittal images from the 
corresponding axial cuts at the joint line for 
3  different cut regions: the mid-sagittal cut 
(fig.  1, 2), the mid-medial tibial plateau cut 
(MTP) (fig. 3, 4, 5) and the mid-lateral tibial 
plateau cut (LTP) (fig. 6, 7, 8).

Fig. 1, 2: The sagittal image was chosen from the axial cut at the joint line in midsagittal cut. The PTTA was 
calculated by a line bisecting the midpoint distances between the two tibial cortices at the level of tibial 
tuberosity and 5cm below. The angle between the PTAA and the horizontal was also calculated PTAA-H.

Fig. 3, 4: The sagittal image was chosen from the axial cut at the joint line in mid-medial cut and the PTAA 
was superimposed on the selected image by means of the PTAA-H angle. The MTS was calculated as the 
angle between tangent line to the high points of anterior & posterior region of the medial tibial plateau and 
a perpendicular line to the tibial axis.
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Fig. 5: After superimposition of the PTTA by 
means of the PTAA-H, the MMS was calculated 
as the angle between tangent line to the highest 
points in the anterior and posterior region of the 
medial meniscus and perpendicular line to the 
tibial axis.

Fig. 8: After superimposition of the PTTA by 
means of the PTAA-H, the LMS was calculated 
as the angle between tangent line to the highest 
points in the anterior and posterior region of the 
lateral meniscus and perpendicular line to the 
tibial axis.

Fig. 6, 7: The sagittal image was chosen from the axial cut at the joint line in mid-lateral cut and the 
PTAA was superimposed on the selected image by means of the PTAA-H angle. The LTS was 
calculated as the angle between tangent line to the high points of anterior & posterior region of the 
lateral tibial plateau and a perpendicular line to the tibial axis.
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Two independent reviewers calculated the 
angles on each MRI using a modified Hashemi 
method which published previously by Lustig 
et al. [5].

According to the procedure described by those 
authors, to establish the tibial slope, we used 
the proximal tibial anatomic axis (PTAA), 
which demonstrates the best correlation with 
the tibial shaft anatomic axis (TSAA) [17]. The 
PTAA is calculated on the mi-sagittal cut by a 
line joining the midpoint between the anterior 
and posterior tibial cortices at the level of tibial 
tuberosity and at another level 5cm below it. 
The angle subtended between the tibial axis to 
the horizontal was calculated (Angle TA-H).

The MTP and LTP cuts were used to measure 
the medial and lateral tibial slope (MTS, LTS) 
respectively.

The PTAA was superimposed on these cuts by 
means of TA-H angle. The tibial slope in each 
compartment was measured as the angle 
between a tangent line connecting the highest 
points in the anterior & posterior parts of the 
tibial and the perpendicular to the PTTA.

All measurements were positioned as an 
overlay and remained in a fixed position on the 
complete image series. The meniscal slope 
(MS) was defined in the same manner as the 
PTS. A tangent to the superior edge of the 
meniscosynovial border of the anterior and 
posterior meniscus on the sagittal plane was 
chosen instead of the tibial plateau cortices.

A posterior inclination to the horizontal was 
assigned a positive value, while an anterior 
inclination was assigned a negative value. The 
measurements were done by two observers and 
repeated again after interval of two weeks.

The average PTS and MS angles are reported 
as mean angles with standard deviation.The 
data was statistically analyzed and the 
differences between the bony and soft tissue 
slope were compared between the two groups 
using independent t-test.

RESULTS

The average PTS and MS angles are reported 
as mean angles with standard deviation.The 
data were initially analyzed for each reviewer 
and then the parameters were compared 
between the two groups. The maximum and 
minimum values for each parameter were also 
reported.

Statistical Analysis

The assumption of normality was assessed 
with Kolmogorov-Smirnov tests which 
revealed that all the measured parameters of 
both groups were within normal distribution 
(p<0.0001).

Inter-observer reliability: 

Repeated measures analysis of variance and 
95% confidence limits were used to establish 
whether the mean slope was altered between 
reviewers by means of Intra class Correlation 
Coefficient (ICC) and the results showed high 
ICC for all the variants which reveal strong 
agreement between the observers for all 
measurements (table 1).

VARIANT ICC (95 % CI)

LTS ACL Group 0.9349

MTS ACL Group 0.9148

MMS ACL Group 0.9252

LMS ACL Group 0.9713

LTS CNT Group 0.8841

MTS CNT Group 0.9186

MMS CNT Group 0.8857

LMS CNT Group 0.9159

Table 1: Inter-observer reliability of the bony and 
soft tissue slope for ACL and control (CNT) groups.
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The means and standard deviations (SD) for 
the repeated measurements of lateral tibial 
slope (LTS), lateral tibial slope (MTS), the 
medial meniscal slope (MMS), and lateral 
meniscal slope (LMS) for the examined group 
are shown in the table 2, and those for the 
control group are shown in table 2.

For the ACL injury group the LTS ranged from 
15.85° to 4.1° and the MTS ranged from 16° to 
1.4° while the MMS ranged from 14.5° to 
-2.25° and the LMS ranged from 13.85° to 
-5.65°. Similarly, for the control group the LTS 
ranged from 15.45° to 0°, and the MTS ranged 
from 15.05° to -0.6° while the MMS ranged 
from 11.55° to -4.25° and the LMS ranged 
from 12.65° to -12.5°.

In the analysis of the ACL injury group the LTS 
was larger than the MTS but the LMS was 
smaller than MMS. In the control group, the 
LTS was also larger than the MTS and the LMS 
was smaller than MMS (Chart 1).

Comparison of the variants between 
examined and control groups

Independent t-test was used to compare the 
four variants between the two groups, where 
the difference is judged to be statistically 
significant when p=0.05 or less.

By direct comparison between the two groups 
using independent t-test, the MTS & LTS were 
significantly larger in the ACL injury group 
than the control (p≤0.0001). Similarly, the 
MMS & LMS were significantly greater in the 
ACL injury group than the control (p≤0.0001) 
(table 4).

Table 2: Measurements of the ACL injury group 
n=100.

VALUE LTS MTS MMS LMS

MEAN 10.48 9.47 6.06 4.76

SD 3.15 3.34 3.49 4.74

MAX 15.85 16 14.5 13.85

MIN 1.9 1.4 -2.25 -5.65

LTS: Lateral tibial slope, MTS: Medial tibial 
slope, MMS: Medial meniscal slope, LMS: 

Lateral meniscal slope.

Table 3: Measurements of control group n=100.

VALUE LTS MTS MMS LMS

MEAN 7.33 7.05 3.72 0.91

SD 3.45 3.72 3.68 4.85

MAX 15.45 15.05 11.55 12.65

MIN 0 -0.6 -4.25 -12.5

LTS: Lateral tibial slope, MTS: Medial tibial 
slope, MMS: Medial meniscal slope, LMS: 

Lateral meniscal slope.

Chart 1: Comparison of the means different 
parameters between the ACL group and the 
control group, measurements are in millimeter. 
LTS: Lateral tibial slope, MTS: Medial tibial slope, 
MMS: Medial meniscal slope, LMS: Lateral 
meniscal slope.
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DISCUSSION

Some studies found that the measurement of 
posterior slope using lateral radiographs and 
the measurement of meniscal insertion using 
sagittal MRI images were both reproducible 
and reliable [12], in contrast Han et al. [17] 
declare that tibial slopes obtained from 
conventional plain X-rays are of limited value 
because they have poor reproducibility, caused 
by tibial rotation in lateral view. The problem 
inherent to the measurement of the tibial slope 
on the short sagittal MRI sections of the knee is 
the impossibility to adequately determine the 
PTAA. To determine the PTAA, a section 
covering a minimum of 150mm below the joint 
gap of the knee is necessary [12].

The true tibial slope should be based on 
measurements made at the center of the 
articular regions of the medial and lateral 
compartments of the tibial plateau.

The most important finding of the present study 
was that the soft tissue tibial slope can be 
measured reliably using an MRI-based method 
where our results showed high ICC for all the 
variants which reveal strong agreement 
between the observers for all measurements.

It was hypothesized that patients with ACL 
injury have larger tibial slope than normal 
people and within the injured group, the lateral 
tibial slope is larger than the medial one. The 
results supported this hypothesis. Our results 

are somehow similar to those observed by 
Matsuda et al. [18], who reported a range of 5° 
to 15.5° for medial tibial slope and a range of 
0° to 14.5° for lateral tibial slope in their study 
of subjects with normal knees.

Our results agreed with Brandon et al. [13] 
who found that ACL-insufficient patients had a 
significantly greater PTS than their negative 
controls. In a resemble Studies, Todd et al. [19] 
found that subjects in the noncontact ACL 
group had significantly greater slope angles 
than did control subjects. Stijak et al. [21] 
found that the tibial slope on the lateral plateau 
had a significantly higher value in the ACL 
group than in the control group. The anterior 
tibial translation during flexion was greater on 
the lateral tibial plateau. This can explain why 
the additional increase in the tibial slope 
imparted stress on the ACL that could result in 
its rupture.

The axial compression of a knee with a higher 
LTS compared with MTS may cause greater 
anterior motion of the lateral compartment of 
the tibia compared with the medial one, 
creating a net internal rotation of the tibia with 
respect to the femur, which may increase 
loading on the ACL [21]. Dejour and Bonnin 
[24] demonstrated a mean 6mm increase in 
anterior tibial translation (ATT) for each 10° 
increase in posterior tibial slope in ACL-
deficient patients and healthy controls.

The effect of the posterior slope on knee 
kinematics may be altered by the menisci. 
Thus, the STS may reflect the true relationship 
between the femoral & tibial condyles.

It was hypothesized that the soft tissues would 
influence the slope in both compartments.

In contrast to the similar study of Lustig et al. 
[13] who declared that the menisci shift the 
tibial slope towards the horizontal and the soft 
tissue slope is more horizontal in the lateral 
compartment of the knee compared to the 
medial one, we found that the meniscal slope 
was large in the injured group than the normal 
and the soft tissue slope is more horizontal in 
the lateral compartment of the knee compared 
to the medial one.

Table 4: Represents the result of comparison of the 
variants between examined and control groups 
using independent student t-test: 

Variants t-test SD DOF P Value

LTS 6.76 3.30 198 0.0001

MTS 4.85 3.53 198 0.0001

LMS 5.67 4.80 198 0.0001

MMS 4.61 3.59 198 0.0001

SD: standard deviation, DOF: degree of 
freedom, p: probability
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Our study confirms the previous MRI study 
which done by Hudek et al. [6] who found that 
a greater lateral MS in the patients with ACL 
injuries, which leads to the suggestion that a 
greater lateral MS is associated with a greater 
risk for noncontact ACL injury, they found also 

uninjured women had a greater PTS and MS 
than men (Table 5). Therefore, in ACL surgery 
it may be beneficial to preserve particularly the 
lateral meniscus or to reconstruct it to improve 
sagittal stability and prevent the progression of 
osteoarthritis.

STUDY YEAR N° OF 
SUBJECTS LTS MTS MMS LMS COMMENT

Stijak 
et al. [21] 2008 33 injury vs. 

33 control

Exam: 
7.52 

± 3.39°
Cnt:  4.36 

± 2.26°

Exam: 5.24 
± 3.60°

Cnt: 6.58 
± 3.21°

- -

The ACL group 
has greater LTS 
while the intact 
ACL has greater 

MTS

Khan 
et al. [9] 2011 73 injury vs. 

51 control

Exam: 4.6 
± 3.04°

Cnt: 2.65 
± 2.48°

Exam: 5.06 
± 2.46°

Cnt: 
4.81± 3.55°

- -

LTS was steeper 
in the injured 

compared with 
the control 

group

Hudek 
et al. [6] 2011 55 injury vs. 

55 control

Exam: 
5.6°

Cnt: 4.9°

Exam: 4.7°
Cnt: 4.7°

Exam: 
1.3°

Cnt: 0.1°

Exam: 
1.8°
Cnt: 
-1.7°

Both the PTS & 
MS are larger in 
ACL group than 

control

Hohmann 
et al. [8] 2011 272 injury vs. 

272 control

Exam: 5.8 
± 3.5°

Cnt: 5.6 
± 3.2°

- -
ACL group have 
larger PTS than 

control

Hashemi 
et al. [20] 2010 49 injury vs. 

55 control

Exam
Male 7.22 

± 2.7°
Female 

8.44 ± 2.8˚
Cnt:

Male 5.4 
± 2.7°

Female 
7.03 

± 3.0°

Exam
Male 5.95 

± 2.7°
Female 

6.85 ± 3.6°
Cnt:

Male 3.68 
± 3.1°

Female 
5.91 ± 2.9°

- -
The ACL group 

have greater 
LTS & MTS than 

the control

Lustig 
et al. [13] 2013 101 ACL injury 5.5 ± 4.7° 5.1 ± 4.1° 1.8 ± 

4.3°
-0.1 ± 
5.7°

In ACL injury the 
LTS larger than 
MTS. The soft 
tissue is more 
horizontal in 

lateral 
compartment

Our study 2016 100 injury vs. 
100 control

Exam: 
10.48 
± 3.15˚

Cnt: 7.33 
± 3.45˚

Exam: 9.47 
± 3.34°

Cnt: 7.05 
± 3.72°

Exam: 
6.06 

± 3.49°
Cnt: 3.72 
± 3.68°

Exam: 
4.76 

± 4.74°
Cnt: 
0.91 

± 4.85°

Both the bony & 
soft tissue slops 

are larger in 
ACL group than 

control

LTS: Lateral tibial slope, MTS: Medial tibial slope, MMS: Medial meniscal slope, LMS: Lateral meniscal slope, 
PTS: posterior tibial slope. Exam: examined group, Cnt: control group

Table 5: Review of the different MRI studies comparing tibial and meniscal slopes of ACL injured groups.
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Under normal loading conditions, patients with a 
greater lateral PTS may have greater internal 
rotations of the lower leg. The resulting internal 
rotation stresses the ACL and may increase the 
injury risk [15]. Inconsistency was reported by 
Hashemi et al. [20] in which the male’s medial 
PTS was associated with injury but not the females. 
They also observed an increased medial tibial 
plateau depth in conjunction with an increased 
PTS in patients with noncontact ACL injuries.

The anterior tibial translation increased 
significantly after an ACL rupture [25, 26]. It 
suggested that the ACL served as the main knee 
stabilizer in tibiofemoral translation, with 
specific tension being produced in the course of 
internal rotation [15]. When an anterior force is 
applied to the tibia of the knee with intact 
ligaments, the internal rotation that occurs 
imparts considerable stress on the ACL [26].

Tibial slope on lateral tibial plateau undertakes 
an important role during extension motion 
because it favors internal rotation, which, in 
turn, imparts considerable stress on the 
extended ACL [25].

The PTS plays an important role in knee 
replacement, after total knee arthroplasty 
(TKA); the posterior tibial slope affects 
anteroposterior stability, range of motion, and 
contact pressure within the tibiofemoral joint 
[28]. Moreover, an inappropriate cutting angle 
of the posterior tibial slope results in 
polyethylene wear, component loosening and 
posterior cruciate ligament strain [29].

During early weight bearing after ACL 
reconstruction, a steep tibial slope might place 
increased load on the healing graft and fixation 
material and potentially increase the risk of 
early elongation or acute failure. Improved 
knowledge about the effect of the tibial slope 
on the graft after ACL reconstruction might 
serve as a basis for individually adapted 
postoperative rehabilitation programmes [15].

A small increase in tibial slope, which may 
occur inadvertently during medial opening-
wedge HTOs, would not adversely affect 
overall A-P knee stability or the in situ forces in 

the cruciate ligaments. However, the changes 
observed in the resting position with 
osteotomies in the sagittal plane may be 
important in the treatment of cruciate ligament-
deficient knees [30].

Inconsistencies within and between tibial slope 
measurement methodologies have precluded 
repeatable demonstration of an “at ACL injury 
risk” range of tibial slope values.

Identification of new risk factors is paramount to 
prevention. While trends in the current literature 
indicate a potential relationship between ACL 
injury and PTS, standardized techniques and 
more consistent and repeatable data are required 
to definitively link the two [25].

The future goal of the research relating tibial 
plateau slope to ACL injury risk should be to 
establish not only the extent of the role of tibial 
slope in injury risk but also the extent to which 
that risk can be decreased by prophylactic 
interventions such as neuromuscular training.

Such methodologies will also enhance the 
objectivity of tibial slope as a factor in the 
assessment of post-injury stability and long-
term sequelae [25].

Subjects with an increased tibial slope who are 
participating in high-risk activities should 
perhaps consider prophylactic precautions. 
This could include education on the increased 
risk for ACL rupture, as well as injury 
prevention training [5].

One of the limitations of the present study is 
that we did not have access to the height and 
weight of the subjects, and consequently we 
did not explore correlations that may exist with 
the measured slopes. These parameters should 
be tested in future. Secondly, it is important to 
note that the MRI voxel resolution, the access 
to a sufficient length of the tibia and the ability 
to identify landmarks precisely all could have 
an impact on the slope measurements. 
However, although these factors may influence 
the results, they will not influence the large 
inter individual differences or the large range 
of slope values.
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CONCLUSION

Our results demonstrate that the tibial bony & 
soft tissue slopes can be measured reliably 
using an MRI-based method and both tibial & 
meniscal slope were significantly larger in the 
ACL injury group compared to the control. 
Furthermore, the soft tissue slope is more 
markedly higher in the medial compartment of 
the knee compared to the lateral compartment 

in the both group. Although this study 
demonstrates how soft tissue alters the 
traditional measurement of the bony tibial 
slope, the implications of differences in slope 
between medial and lateral compartments on 
knee function require further research.

These geometric differences may be important 
to consider when assessing the risk of knee 
injury and the susceptibility to osteoarthritis.
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INTRODUCTION

The revision surgery of anterior cruciate 
ligament (ACL) reconstruction is always 
challenging for the surgeon and the results are 
dependent upon the ability to understand and to 
treat the causes of the graft failure. Its incidence 
varies between 4,5-20% [1]. The outcome of 
revision ACL procedure remains poor compared 
to primary ACL reconstruction. The definition 
of failure is not universally accepted. Several 
authors consider that the surgery is failed in case 
of subjective and/or objective knee instability, 
persistent pain, stiffness, extensor mechanism 
dysfunction or infection. Despite the im
provements in the surgical techniques, the risks 
of re-rupture are still high [2].

In literature several intrinsic factors leading to 
ACL reconstruction failure are described such 
as narrow notch width, increased tibial slope, 
high anterior tibial translation, rotatory laxity, 
gender, hyper-laxity with recurvatum and 
genetic factors. The extrinsic factors are re
presented by technical errors (mainly femoral 
tunnel malposition), sports, neuromuscular 
aspects, rehabilitation and physical preparation. 
It is mandatory to identify and to address all the 
modifiable risk factors in order to limit the re-
rupture rate [3, 4].

NOTCH WIDTH

The narrow intercondylar notch was described 
by Palmer in 1936 as an anatomical risk factor 
for ACL injury, providing less space for the 
ligament to function correctly especially in full 
extension [4] (fig. 1).

In literature the association between dimension 
measurements of the femoral notch and 
increased risk of ACL ruptures is well 
described. Femoral notch measurements 
include the notch width (distance between the 
femoral condyles at the anterior outlet), the 
notch width index (the ratio of the notch width 
to the total condylar width), and the presence of 
a bony crest on the anteromedial aspect of the 
femoral intercondylar notch that may 
predispose individuals to ACL rupture [4]. 
Zeng & al. [5], in a meta-analysis, report that 
the narrow intercondylar notch dimensions are 
associated with the risk of ACL injury. Besides 
the width of the intercondylar notch, its shape 
may also play a role in ACL ruptures. Narrow 
notches are frequently A- or wave-shaped 
while wider notches are more rounded or 
reverse U-shaped. A broader and rounded 
notch can provide more space for the ACL 
when the knee is near or in full extension 4. 
Sonnery-Cottet & al. [6] confirm that patients 

WHAT ARE THE INTRINSIC 
FACTORS IN ACL FAILURE?
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with ACL lesion have a statistically significant 
increased posterior tibial slope (PTS) and a 
narrow intercondylar notch compared to the 
control group. They report that 80% of patients 
present at least one of these two risk factors, 
but both are present only in 24% of the cases.

TIBIAL SLOPE

A significant association between increased 
PTS and anterior tibial translation is observed, 
suggesting that increased tibial slope is a 
predisposing risk factor to ACL ruptures [4]. 
Normal values for PTS range from 5° to 7º [7]. 

In a radiological analysis performed using 
lateral monopodal stance tests, Dejour and 
Bonnin [7] observe that every 10º increase in 
the PTS is associated with 6mm increase of the 
anterior tibial translation in normal and ACL 
insufficient knees. The forces on the knee 
during weight-bearing can be resolved into a 
vertically directed compression component and 
a horizontally directed shear component: the 
latter varies with the PTS. An excessive slope 
induces the anterior tibial translation tensioning 
the ACL and predisposing the ligament to 
fatigue and injury (fig. 2). As well as for first-
time ACL ruptures, tibial slope can be 
considered an important risk factor leading to 
ACL graft failure. In revision ACL surgery, the 

Fig. 1: Narrow intercondylar notch is a modifiable intrinsic factor affecting the correct ligament kinematic. 
Narrow notches are frequently A- or wave shaped while wider notches are more rounded or reverse 
U-shaped.

Fig. 2: During weight 
bearing, the forces on 
the knee can be resolved 
into a vertically directed 
compression component 
and a horizontally di
rected shear component: 
the latter varies with the 
PTS. An excessive PTS 
induces the anterior 
tibial translation (ATT), 
tensioning the ACL and 
predisposing the li
gament to fatigue and 
injury.
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slope correction should be taken into 
consideration and performed when values 
superior to 12º are measured [8]. PTS 
inclination is influenced also by the presence of 
the menisci that shift the tibial slope towards 
the horizontal as described by Lustig & al. [9]. 
In this context, meniscal lesions or a previous 
meniscectomy may theoretically increase PTS. 
The treatment of the meniscal tears (repair or 
replacement) seems to be recommended not 
only to reduce the incidence of osteoarthritis, 
but also to protect the ACL graft.

ANTERIOR TIBIAL 
TRANSLATION AND 
ROTATORY LAXITY

The anterior knee laxity is an important factor in 
predicting ACL status both in ACL-ruptured and 
ACL-intact patients [4]. Several devices are 
available to quantify the knee laxity in pre- 
operative and post-operative ACL reconstruction 
assessment. However, a lot of them are examiner 

dependent and a potential overestimation of the 
laxity can occur. Therefore, a careful interpretation 
of their results is required. The most popular tools 
to measure the knee laxity are: KT-1000TM and 
KT- 2000TM Knee Ligament Arthrometer (KT-
1000TM, KT-2000TM; MEDmetric Corp, San 
Diego, California), the RolimeterTM (Aircast 
Europa, Neubeuern, Germany), and the stress 
radiography TelosTM device (Telos GmbH, 
Laubscher, Holstein, Switzerland). Uhorchak 
& al. [10], in a prospective study, observe that the 
relative risk for sustaining an ACL rupture is 
increased by 2,7 times in female subjects who 
have increased knee laxity measured by KT-
2000TM [4]. In a prospective study comparing 
TelosTM to RolimeterTM in patients with ACL 
lesion, Panisset & al. [11] observe that the 
association of the side to side difference (SSD) 
>5mm with TelosTM and positive pivot-shift test 
has a sensitivity of 88% and a specificity of 94,6% 
(P<0.01) for complete ACL rupture. Instead the 
combination of SSD >5 mm with RolimeterTM 

and positive pivot-shift test has a sensitivity of 
72,7% and a specificity of 92,4% (P<0.01) in case 
of complete ACL tears [11] (fig. 3).

Fig. 3: Correlation between SSD with TelosTM, pivot-shift test and arthroscopic 
ACL injury pattern:
< 4 mm: partial tear - functional remnant - pivot shift test 0/1+
4-9 mm: partial tear - non functional remnant - pivot shift test 2+/3+
> 9 mm: complete tear - pivot shift test 2+/3+
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ACL rupture leads to antero-posterior and 
rotatory instability. The last one, described by 
patients as “knee giving away”, is clinically 
demonstrated by the pivot-shift (PS) test. 
However, it is difficult to find a gold standard 
method for its quantification. The devices used to 
quantify this test are usually complex and bulky. 
Recently, the accelerometer KIRATM shows 
promising and reliable results. The limit of this 
system is that a learning curve to perform properly 
the PS is required. The objective evaluation of PS 
allows the surgeon to confirm the clinical 
diagnosis in case of ACL rupture and to verify the 
ACL status after the reconstruction [12].

GENDER AND HYPER-
LAXITY

ACL injury occurs with a 4- to 6-fold greater 
incidence in female athletes compared to male 
athletes playing the same landing and cutting 
sports. The mechanism responsible for the 
gender disparity in ACL injury risk is 
multifactorial and it is related both to extrinsic 
(neuromuscular and sport activities) and 
intrinsic factors (anatomical and hormonal 
differences between genders) [13].

During the menstrual cycle phase, several 
authors observe that estrogen reduces the rate 
of fibroblast proliferation and type I procollagen 
synthesis, while progesterone has an opposite 
effect [14]. ACL biomechanical properties may 
be influenced by fluctuations in estrogen and 
progesterone concentrations, increasing the 
risk of ACL rupture during the pre-ovulatory 
phase [4].

In literature, the Beighton score is frequently 
used to quantify the whole body joint laxity. In 
a military cadet prospective cohort study, it is 
reported that an increased generalized joint 
laxity is a significant predictor of ACL ruptures 
in both males and females. More specifically, 
cadets with a Beighton score >5 are 2,8 times 
more likely to sustain an ACL rupture [10]. 
Moreover, increased knee hyperextension 
(genu recurvatum) of 10° and hamstring 

flexibility are significantly associated with risk 
of ACL lesion [4].

GENETIC RISK FACTORS

Familial predisposition and specific genetic 
variants are described as other possible risk 
factors for ACL lesion. Retrospective studies 
report a familial predisposition to ACL tears. 
Patients with bilateral ACL ruptures show a 
highly significant incidence of ACL injury in 
the family members compared to control 
healthy subjects (35% versus 4% respectively). 
Moreover, patients with an ACL lesion are 
more likely to have a relative with an ACL 
rupture compared with individuals without any 
history of ACL tear. The risk is slightly 
increased when only first-degree relatives are 
considered. The familial predisposition of ACL 
injury may probably due to the role of specific 
genetic variants within genes (COL1A1, 
COL5A1, and COL12A1) encoding for the 
extracellular matrix and predisposing to ACL 
fragility [4].

TREATMENT

During ACL reconstruction, the surgeon has to 
consider all the modifiable intrinsic risk factors 
such as narrow notch, increased PTS, postero-
medial meniscal lesion and a significant 
rotatory instability. Several authors suggest 
that the notchplasty is a possible solution for 
graft impingement and it is particularly advised 
in case of revision surgery. The menisci have to 
be preserved during the surgery not only to 
prevent the chondral degeneration but also to 
improve the anterior and rotational stability. 
We suppose that the posterior horn of the 
medial meniscus acts like a “wedge” reducing 
the anterior tibial translation.

The anterolateral plasty should be used as an 
associated procedure both in primary and 
revision ACL surgery for patients that 
demonstrate an excessive anterolateral rotatory 
laxity (fig. 4). In a recent systematic review, 
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Song & al. [15] conclude that the combination 
of anterolateral plasty and ACL reconstruction 
is effective in eliminating the PS phenomenon. 
We propose that the association of SSD >9 mm 
(TelosTM) with PS test 2+ or 3+ may require an 
additional anterolateral plasty (modified 
Lemaire). In a biomechanical study, Kittl & al. 
[16] demonstrate the surgical rationale of this 
technique showing that a graft fixed proximally 
to the lateral femoral epicondyle and running 
under the lateral collateral ligament provides 
the desirable graft behavior, without excessive 
slackening or tightening of the plasty during 
knee motion.  

Deflexion osteotomy has to be considered 
especially after the failure of two or more 
consecutive ACL procedures, when PTS is 
higher than 12° and in case of meniscal lesions 
or previous meniscectomy, which could 
exacerbate the effects of a high PTS [8] (fig. 5). 
Dejour & al. [8] report a mean PTS reduction 
from 13,2°±2,6° pre-operatively to 4,4°±2,4° 
post-operatively and a mean SSD decrease 
from 11,7±5,2mm pre-operatively to 
4,3±2,5mm post-operatively. However, the 
authors conclude that the correction of 
excessive PTS should be considered also in the 
first revision ACL reconstruction as this can 
reduce the risks of failure.

Fig. 4: In case of pivot shift 2+/3+ and SSD > 9 mm (TelosTM), an anterolateral plasty (modified Lemaire) can 
be associated to the ACL reconstruction. (a) A strip of Ileotibial band (ITB) is harvested keeping intact its 
distal insertion. (b) The lateral collateral ligament (LCL) is identified and two mini-arthrotomies (posterior 
and anterior to LCL) are performed. (c) The strip of ITB is pulled under the LCL. (d) An half tunnel is drilled 
proximally to the lateral femoral epicondyle and the fixation is achieved with an interference bioabsorbable 
screw.

a

c

b

d
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CONCLUSION

ACL rupture is one of the most catastrophic 
events affecting the quality of life of an active 
patient. The identification of the predisposing 
risk factors leading to ACL failure has to be 

performed both in primary and in revision 
surgery. It is mandatory to address all the 
modifiable risk factors to limit the re-rupture 
rate improving the clinical results and patient 
satisfaction.

Fig. 5: Deflexion osteotomy is performed in order to correct the PTS, reducing the ATT effect leading to the 
ACL graft fatigue and injury. After ACL revision, (a) the proximal tibia is exposed and (b) the osteotomy is 
performed under fluoroscopic control. (c) The bone fragment is removed and the osteotomy is fixed with 
two staples. Tibial tunnel is manually re-drilled and ACL graft passage and fixation are achieved. (d) Pre-
operative and post-ostoperative X-ray showing PTS correction.

a

c
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PURPOSE AND 
INTRODUCTION OF THE 
STUDY

Several ACL rupture occur without any exterior 
factor. This can happen through a mechanism 
of tiredness by a repeated twisting and tension 
on the ACL, or by conflict with the lateral 
femoral condyle when the knee twists. These 
are intrinsic factors.

Two of the most frequent cases are: a high 
tibial slope, exceeding 10° [10], which is 
describe as a mechanical factor of anterior 
translation and also an intercondylar notch 
stenosis which is responsible for stress on the 
ACL in tibial rotation [1].

The purpose of this study is to analyse the 
benefits of a notch plasty while the ACL is 
being repaired by arthroscopy in order to 
prevent ACL rupture recurrence in the narrow 
intercondylar notch.

AUTHORS ANALYSIS

Some authors have witnessed a significant 
difference in the intercondylar notch size index 
compared to the ACL rupture. They have found 
a correlation in the prevalence of non contact 

ACL rupture with a narrow intercondylar notch 
which creates an impingement between ACL 
and the lateral condyle of the femur.

The non contact ACL injury supposes that 
there is a stenosis of inter-condylar notch. The 
case of an ACL rupture is different between a 
slow traumatic injured knee in external rotation 
and an highly impacted injury of the knee. 
Those slow traumatic injured ACLs are not 
associated with a medial collateral ligament 
injuried.

We have used the Souryal index in this study 
[1]. Usually a 22% index is considered as a 
limit between the normal width notch and the 
narrow width notch. This index is usefull even 
in CT Scan (Anderson) or in MRI (Herzog) and 
the size or sexe of the patient is not taken into 
consideration. An index over 26% is considered 
as large.

The purpose of the narrow width notch is to 
consider that it is a intrinsic factor of ACL 
rupture in slow mecanism. But this analysis is 
not accepted by all the authors [2-4-5-8].

This index based on a 902 ACl study group 
showed a significant difference between ACL 
injury and a narrow inter-condylar index. But 
others studies have shown a non significant cor
relation of narrow notch in the bilateral cases.

NOTCH PLASTY IN ACL 
RECONSTRUCTION

L. BUISSON, G. ESTOUR, A. PINAROLI
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THE MEDIPOLE CLINIC 
STUDY

Our study is based upon 200 cases of repaired 
ACLs (group A) with eleven re-repaired cases 
receiving a follow up over 2 years with an 
MRI  ; and a control group (group B) of 
200  cases with intact ACL analysed with an 
MRI. The arthroscopic shape and the width 
index of the indercondylar notch was analysed 
in these two groups.

•	Group A contains 43 females for 157 males 
with 56% of right knees and a average age of 
36 years old (15 to 56).

•	Group B contains 92 females for 108 males 
with 52% of right knees and a average age of 
31 years old (20 to 40).

In group A, the ACL tear mainly came from a 
Valgus flexion external rotation of the knee 
(80% of cases) and from sports like handball 
(7%), football (30%), basketball (4%), rugby 
(3%), skiing (40%) and snow board (1%) and 
other axis sport.

We found 5 types of inter-condylar notch: 
large, normal, larger lateral condyle, narrow 
and very narrow inter-condylar notch (ICN) 
with triangular aspect.

We found 37 cases of narrow and very narrow 
ICN (18,5%) with 30/157 (19%) males and 
7/43 females (16%).  The bilateral cases do not 
have specifically narrow ICN (only 15%).

But we found in these cases that most often, 
they had an external flexion traumatic injury.

No difference can be found in the comparison 
of both groups’ narrow ICN and normal ICN in 
the bilateral cases. Those groups have the same 
percentage of cases : 14% versus 11%.

This result does not confirm the Shelbourne 
analysis [10] which finds a signifiant différence 
in the 714 ICN measured cases analysis in 
which 6% of bilateral cases where the ICN is 
narrow for only 1% of cases if the ICN is 
normal. However, this analysis considers large 
ICN over 16 mm which does not have the same 
point of view as in other studies showing 
22 mm for normal ICN and more than 26 mm 
for large ICN. That means that the index has a 
more objective criteria than the real value in 
millimeters.

In our study we have noted that the possibility 
of an ACL tear in full extension (22 cases: 
11%) does not concern the narrow notch with 
triangular aspect but most frequently a normal 
ICN. The tear depends on the extent of the 

Fig. 1: Inter-condylar Notch index.



NOTCH PLASTY IN ACL RECONSTRUCTION

181

traumatic injury and not the shape of the top of 
the inter-condylar notch.

What we consider important is the percentage 
of narrow notch in the second ACL 
reconstruction: 54% higher than in the first 
cases: 16%.

CONCLUSION

The results presented in this study have found 
18,5% of narrow inter-condylar notches in 
ACL reconstruction on a group of 200 cases.

We didn’t find any difference in the cases of 
ICN concerning bilateral cases, but we did find 
a significant increase in cases of narrow ICN 
for the second ACL reparation for whom a 
notch plasty had been made.

Furthermore, we also didn’t find any difference 
in the ICN index between the two groups A 
(0,247) and B (0,245). Our population finds 
itself in the middle of statistical values but with 
little difference in the two groups.

So we have to consider, as the Doctor Beaufil 
wrote in his paper, that Notch plasty must only 
restore the anatomy if the notch is narrow, but 
the plasty should not be made to correct an 
anterior position of the ACL graft which is too 
significant.

We think that notch plasty could create an 
osseous conflict with possible threatening 
complications to the graft and it has to remain 
reserved for particular indications.

With these indications of narrow inter-condylar 
notch aside, the plasty should not be done.

When we have to do it, we should respect the 
primary anatomy.

Fig. 2: Release ACL in narrow intercondylar notch.

Fig. 3: View after plasty.

Fig. 4: Intercondylar notch shows a small lateral 
osteophytis after one year ACL surgery (DT4) for a 
meniscectomy arthroscopy.
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INTRODUCTION

Many factors influence outcomes following 
anterior cruciate ligament (ACL) re
construction. While much time and effort has 
been spent evaluating the influence of 
modifiable surgical factors such as graft choice, 
tunnel locations, and surgical technique; 
patient factors continue to play a large role in 
determining outcomes following surgery. 
Important outcomes following ACL re
construction include graft failure risk (or as 
report in many studies, revision risk) and 
patient-reported outcomes.  

Age and activity level are well known at this 
point to influence failure risk following ACL 
reconstruction, with younger patients and those 
with higher activity levels (particularly cutting 
and pivoting sports) demonstrating higher 
failure risk [1]. Other intrinsic patient factors 
including posterior tibial slope, associated 
meniscus tears (particularly medially), and 
smoking may influence failure risk.

Many patient factors including articular 
cartilage and meniscus status, body mass 
index, tobacco use, and activity level may 
effect patients reported outcomes following 
ACL reconstruction [4].

The goal of this study is to identify and describe 
the influence of patient factors on outcomes of 
ACL reconstruction in the MOON cohort. 

PATIENT FACTORS 
AFFECTING RISK OF GRAFT 
FAILURE

Patient Age

Age has long been noted to be among the 
strongest predictors of graft failure risk. 
Analysis of 2683 primary ACL reconstructions 
from the MOON cohort with 6 year follow-up 
demonstrated a 9% decrease in the odds of ACL 
graft failure for every 1 year increase in patient 
age at the time of ACL reconstruction [2].

Activity Level

While activity level and age are related in that 
activity level tends to decrease with increasing 
age, activity level (as defined with a Marc 
activity score) has also been shown in the 
MOON cohort to be an independent predictor 
of failure risk, controlling for age. The odds of 
graft failure were demonstrated in this same 
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cohort to increase by 11% for every 1 point 
increase in the Marx activity score [2].

Increased Pre-Reconstruction 
Knee Laxity

Another recent MOON cohort study utilized a 
group of 2333 patients who underwent primary 
isolated ACL reconstruction without collateral or 
posterior cruciate ligament injury to assess the 
impact of high-grade pre-reconstruction knee 
laxity on risk of subsequent revision ACL 
reconstruction at 2 years follow-up [3]. Patients 
with a Lachman or anterior drawer examination 
greater than 10mm different from the 
contralateral side, or a 3+ pivot-shift were 
classified as having a high-grade laxity. High-
grade pre-operative laxity was noted in 
743  patients (31.9%). The presence of high-
grade pre-reconstruction laxity was associated 
with significantly increased odds of ACL graft 
revision (OR=1.87, 95% CI: 1.19-2.95, p=0.007), 
controlling for patient age, sex, Marx activity 
level, level of competition, and graft type.

Other Potential Predictors

In the analysis of 2683 ACL reconstructions with 
6-year follow-up, numerous other factors were 
evaluated as potential predictors of graft failure 
risk [2]. The risk of revision ACL reconstruction 
was not significantly associated with patient sex, 
smoking status, sport, or meniscus status.

PATIENT FACTORS 
AFFECTING PATIENT-
REPORTED OUTCOMES

Knee injury and Osteoarthritis 
Outcome Score (KOOS) and 
International Knee Documentation 
Committee (IKDC) Scores

The MOON group reported 6 year outcomes 
on 378 (84%) of 448 unilateral ACL 

reconstructions [5]. The specifically reported 
factors that predicted IKDC score and two 
KOOS subscales: Knee-related quality of life 
and sport/recreation function. Pre-operative 
scores and prior ipsilateral ACL surgery (that 
is to say that patient was undergoing a revision 
ACL reconstruction) were noted to be strong 
predictors of all three scores at 6 year follow-
up was the (All p<0.01). BMI at the time of 
surgery was a significant predictor of the 
IKDC and KOOS sports/rec at 6 years of 
follow-up, with increased BMI associated with 
decreased scores. Smoking at the time of 
reconstruction was predictive of poorer IKDC 
at 6 years follow-up. Increased ago was 
associated with slightly higher IKDC scores at 
6 years follow-up. Patient ethnicity, sex, and 
marital status had no impact on patient-
reported outcomes.

High-grade pre-reconstruction laxity as 
described above was not noted to be a predictor 
of patient-reported outcomes 2 years following 
ACL reconstruction [3].

The presence of a lateral meniscus tear that was 
treated with observation was also associated 
with better scores at 6 years follow-up on all 
three scales. No effect of medial meniscus 
status, articular cartilage status, or collateral 
ligament status at reconstruction was noted in 
any of the scores. 

Marx Activity Score

In the previously reported publication of 6 year 
outcomes on 378 (84%) of 448 unilateral ACL 
reconstructions [5]. Marx activity score prior to 
injury was the strongest predictor of Marx 
activity level 6 years post-operative. Marx 
activity level was also lower at follow-up in 
females and those whose index surgery in the 
study was a revision ACL reconstruction. 
Patient ethnicity, age, and marital status had no 
impact on patient-reported outcomes. Patients 
who underwent a lateral meniscus repair were 
noted to have lower activity level 6 years post-
operative, while medial meniscus, collateral 
ligament, and articular cartilage status did not 
significantly affect activity level 6 years post-
operative. 
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CONCLUSIONS

Patient factors are important predictors of ACL 
graft tear risk and patient-reported outcomes 
6  years following ACL reconstruction. The 

strongest patient factors related to graft failure 
risk and age and activity level.  Smoking status 
and body mass index, along with meniscus 
status are strong predictors of patient-reported 
outcomes.
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INTRODUCTION

By the mid 19th century [1], anatomists and 
surgeons showed interest in the pathology of 
the Anterior Cruciate Ligament (ACL) and 
provided clinical descriptions.

Appearing in the literature at the beginning of 
the 20th century [1], were proposals for ACL 
repair by suture or reconstruction.

It is only since the late 60’s, that support for 
ACL injuries truly began. It seemed interesting 
to us to make a point regarding the evolution of 
its surgical concepts. It encompasses a vision 
Lyonnaise, of which this city’s School of Knee 
Surgery is implicated, under the direction of 
Albert Trillat, in this pathology for several 
decades as evidenced by the organization of its 
“Journées Lyonnaises du Genou”, held since 
1970.

LATE 60’s, EARLY 70’s

During this period, making the diagnosis of 
ACL tear was not obvious. Clinically, the 
insufficiency was diagnosed by looking for the 
anterior drawer at 90° of flexion, the foot being 
positioned in internal rotation, external rotation 
and neutral positions.

The treatment therefore then logically proposed 
as its goal, a reduction of this drawer at 90° 
of flexion and aimed at restoring tension in 
the medial capsuloligamentous structures in 
accordance with the techniques described by 
O’Donoghue [2], Nicholas [3] and Hughston 
[4]. The surgical procedure was followed by a 
period of cast immobilization and an often 
laborious period of rehabilitation.

1970’s

The real turning point corresponded to English 
language journal publications of clinical tests 
which afforded clinicians a means of making 
the diagnosis of ACL insufficiency.

The first was the “Pivot Shift” (Mac Intosh) 
described by Galway [5], then the “Lachman 
test” described by Torg [6], corresponding to 
the anterior translation of the tibia relative to 
the femur. The surgeons’ acquisition of these 
tests allowed for the making of a diagnosis of 
ACL tear.

Previously in 1967, Lemaire [7] had described 
a dynamic test in internal rotation which had 
the same significance as the “Pivot Shift”, as 
did Noulis [8] in 1875, when he described 
anterior translation in extension. Numerous 
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subsequent publications described dynamic 
tests executed in different ways that, in an 
index knee, were also effective in showing 
lateral condyle subluxation or reduction from a 
subluxed position on the lateral tibial plateau.

These tests were helpful to the clinician and 
patient to the extent that they afforded different 
ways to clinically reproduce a sensation similar 
to the one the patient felt when their knee gave 
way. It also aided in a better understanding of 
the role the ACL plays.

It became evident in cases of ACL deficiency, 
that subluxation occurred with the knee closer 
to extension than 90° of flexion. Any surgery 
being proposed therefore had, as its goal, a 
method for opposing the sliding of the lateral 
condyle at a position near extension.

In 1967, Lemaire [7, 9] described an 
anterolateral tenodesis using the fascia lata 
which limited the gliding. Such an operation 
had previously been proposed by Matti [10, 11, 
12]. Other surgeons subsequently proposed 
similar techniques [13, 14, 15, 16, 17, 18].

It was Marcel Lemaire’s technique of lateral 
tenodesis that we adopted in Lyon. At first¸ we 
combined it with a posteromedial imbrication 
followed by cast immobilization. This resulted 
in poor outcomes. It was then performed as an 
isolated procedure. If at first, this anterolateral 
reconstruction gave quite good results, we soon 
noticed a clinical deterioration in outcome. 
This evolution was later confirmed by Dodds 
[19] who, in 2011, wrote: the technique (extra 
articular reconstruction) has not gained favor 
due to the residual instability and the subsequent 
development of degenerative changes.

With peripheral reconstructions not affording 
long term stability to the knee, it became 
evident that attention needed to be directed to 
reconstructing the ACL. Albert Trillat began 
this journey based on the technique described 
by Jones [20], using the patellar tendon (PT) 
with some modifications (drilling a tibial and 
femoral tunnel from outside to inside), with the 
technique subsequently modified by using the 
medial third of the patellar tendon as described 

by Erikson [21], in a manner of where it was 
left attached distally. This technique was 
similar to that described by Brüchner [22], 
known only by German surgeons, who in 1966 
also proposed to use the medial third of the 
patellar tendon. In our practice these techniques 
were all cast immobilized post operatively. 
Rehabilitation was difficult, with postoperative 
stiffness due to immobilization and incorrect 
positioning of the graft.

During this same period, perhaps because of 
the difficulties encountered using the PT, 
surgeons offered other techniques using fascia 
lata (FL) or the extensor mechanism. The 
former was described in operations by Insall 
[23] and MacIntosh (MacIntosh II) [24]. 
Insall’s operation consisted of harvesting a 
band of FL and freed at its distal attachment 
with a bone block. This was passed “over the 
top” and secured with a screw to the anterior 
tibial plateau. The MacIntosh II operation freed 
a strip of FL proximally and passed it “over the 
top” to then assume the path of the ACL and 
insert into a tibial tunnel. The first description 
using the extensor mechanism was also 
attributable to MacIntosh (MacIntosh III) [24] 
who harvested a continuous strip of PT, pre 
patellar fascia throughout its pre patellar 
surface and a tubularized strip of quadriceps 
tendon. The proximal portion was passed 
through a tibial tunnel, “over the top” and then 
fixed to the femur. Marshall then suggested 
adding a synthetic ligament to the pre patellar 
portion (weak point of the previous operation) 
to strengthen it.

This technique, known most commonly as the 
“Marshall MacIntosh”, was most popular in the 
late 70’s, some surgeons enhancing the 
technique by tenodesing the proximal end of 
the quadriceps tendon to reinforce the antero 
lateral corner.

YEARS 1980-2000

A free patellar tendon graft

Regarding the use of patellar tendon, its use 
seemed again possible after hearing Franke’s 
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presentation in Lyon for the first meeting of the 
International Society of Knee in 1978, which 
revisited his 1976 publication [25]. The novelty 
consisted of harvesting the middle third of the 
patellar tendon and uses it as a free graft, hence 
affording a perfect anatomical position. This 
option had previously been proposed by 
Brückner [22] in 1966 to reconstruct the ACL 
when the ipsilateral patellar tendon was 
injured. Brückner then recommended the use 
of the contralateral tendon.

This operation became increasingly popular, 
the patellar tendon becoming the “gold 
standard” for ACL grafts. Some authors 
proposed maintaining some continuity between 
the patellar tendon and Hoffa’s ligament in 
order to improve its vascularization. Others 
proposed associating this intra-articular plasty 
with a lateral tenodesis [26, 27] to protect the 
graft during the process of “ligamentization”, 
with an effort to better control internal rotation 
stresses to the neo-ligament. During this 
period, the femoral tunnel was drilled from 
outside to inside. Fixation of the graft was 
initially done with wires and extra-articular 
screws and subsequently greatly improved by 
the use of interference screws. The original 
idea goes to Lambert [28] who proposed AO 
screws, Kurosaka [29] then developing a more 
specific screw design.

As these techniques improved and gained in 
reliability, the indication for antero lateral 
tenodesis became progressively less necessary. 
They increased the surgical burden to the knee 
and rendered rehabilitation more difficult 
without a proven functional benefit. The 
indication for lateral tenodesis persists for 
some surgeons in cases of significant laxity or 
a proven antero lateral ligament injury.

The introduction of the arthroscope in the late 
70’s for meniscal lesions began playing a role 
in ACL surgery in the 80’s. Dandy [30] was the 
first to use it to reconstruct the ACL using a 
synthetic ligament. Since the mid 1980’s we 
used the arthroscope to assist, at first only to 
drill the tibial tunnel under anterior portal 
visualization, the femoral tunnel being drilled 
through a postero lateral arthrotomy using a 

“rear entry guide”. With the development of 
specific femoral guides, we were then able to 
create the femoral tunnel from outside to inside 
[31] under arthroscopic control. The goal was 
to reproduce the anterior portion of the ACL, 
namely the antero medial bundle. Its femoral 
insertional position is located on the axial wall 
of the lateral femoral condyle behind the 
“pseudo” femoral isometric point of the ACL. 
This gives the neo-ligament a “favorable non 
isometry” (relaxed in flexion, taught in 
extension), and addressed the parameters in 
which the ACL deficient knee seemed to cause 
the greatest sense of instability.

The problems posed by the passage of PT bone 
blocks into the femoral tunnel drilled from 
“outside-in” brought some medical companies 
to propose new guides that facilitated drilling 
the femoral tunnel “inside-out”. This option 
facilitated the passage of the transplant. This 
also introduced new concepts and 
understandings of the insertional anatomy of 
the ACL as it relates to arthroscopy. The 
“inside-out” techniques remain in use today 
but, in our opinion, do not offer an ideal 
anatomic position with a real bone (and not a 
mixed fibrous and bone) tunnel.

Hamstrings grafts

The use of the PT graft posed problems not 
only encountered during passage of the bone 
block portions of the graft. In addition, risks of 
patellar fracture and secondary problems of 
patellar tendinitis, residual flexion contracture 
and anterior knee pain were discovered.

The use of the hamstring was thought to be a 
solution to all these problems. Before becoming 
a now widely used technique, many surgeons 
had previously used this graft. The first 
descriptions are attributable to [32, 33, 34], all 
using the semitendinosus or gracilis tendon, 
freed proximally to reconstruct the ACL. J.C. 
Puddu [35] used the same technique with the 
semitendinosus but the tibial tunnel had an 
extra articular orifice positioned quite medially, 
in a manner to preserve the internal rotational 
action of the semitendinosus.
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The first publication describing a technique 
using both the semitendinosus and gracilis was 
that of Libscomb B. [36] in 1982. The principle, 
with a number of variations relating to the graft 
being free or attached at its distal end, be it 
single (2 strands) or double (4 strands) bundled, 
along with a multitude of proposed graft 
fixation techniques [37], wound be adopted by 
all surgeons utilizing this graft. Subsequently 
techniques developed using the semitendinosus 
in triplicate. Marcacci [38] meanwhile 
proposed using one of the strands of the graft to 
perform an antero lateral tenodesis.

The two choices, patellar tendon or hamstring 
graft, are popular today with no real 
modifications except for different fixation 
techniques for the hamstrings. Meta-analysis 
[39, 40, 41, 42] comparing both graft choices 
showed better control of laxity using the 
patellar tendon yet no difference in functional 
outcome. There were less patellar, loss of 
extension and pain with kneeling problems in 
the hamstring grafts and in one study, more 
recurrent ruptures with hamstrings.

YEARS 2000-2010

Double Bundle

Even though the results of conventional 
reconstructions (PT or Hamstring) were 
satisfactory and reliable over time, a positive 
“Pivot Shift” test of varying grades and 
proportions up to 25% persisted during clinical 
examination [43]. This lack of rotational 
control possibly responsible for secondary 
meniscal or cartilaginous problems, led 
surgeons to reconsider the anatomy and 
biomechanics of the ACL. The importance of 
the postero lateral bundle, whose action is 
effective for control of recurvatum, of the 
anterior drawer between 0° and 20° and of 
internal rotation was until now, ignored. An 
awareness of the importance for an anatomical 
reconstruction of the ACL with two bundles 
became elementary. Many techniques had been 
proposed in the 70’s, 80’s and 90’s, but all had 
the inconvenience of only having one tunnel in 
the tibia or the femur to mirror the anatomy. 

Munetta [44] in 1999 was the first to publish a 
preliminary series of patients operated on using 
these techniques, but it was Yasuda’s article 
[45] in 2004 that allowed for a perfect definition 
of what anatomical zones needed to be chosen 
for an anatomical positioning. The realization 
of this double bundle theory and procedure 
raised certain technical problems. We remain 
committed to drilling the femoral tunnel from 
“outside-in” and have developed a specific 
guide for the postero lateral bundle [46].

A meta-analysis [47] published by R. Meredick 
and based on 4 randomized studies, noted an 
improvement in arthrometer differentials of 
0.52 mm without a statistical difference in 
normal or subjectively normal (pivot glide) 
rotary subluxation. Yasuda’s 2010 publication 
[48], reviewed 10 randomized trials comparing 
the single and double bundle reconstruction 
and showed a 7 fold significantly better result 
in anterior laxity for the double bundle 
technique. Statistically, it was 8 times better for 
dynamic tests that were positive (variability of 
5 to 20%). One study noted a better IKDC 
objective outcome. Two authors reported a 
higher percentage of reruptures in the single 
bundle reconstructions.

This interesting technique has a long and 
difficult learning curve. It doubles the 
possibility of committing an error in 
positioning. Medium and long term compli
cations, especially those regarding lytic lesions 
of bone, are not well arrested and a longer 
follow-up is necessary to judge its superiority 
over conventional techniques.

PARTIAL 
RECONSTRUCTIONS

Arthroscopic double bundle reconstruction has 
allowed us to progress on anatomy and also 
reflect on partial tears of the ACL. Called to 
mind on MRI and suspected on clinical 
examination, this diagnosis should be 
confirmed peri-operatively. The greater the 
time between the trauma and the surgery, the 
more the evaluation becomes difficult because 
of the evolution of healing of these ACL lesions 
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that leads to a retraction of the remnants. It is 
also very difficult to say that the supposed 
healthy bundle doesn’t have a lesion, at a 
minimum, intra ligamentously or at its 
insertion. The percentage of these lesions 
confirmed in the operating room after a 
thorough arthroscopic examination varies 
according to the literature and represents 10-
15% of the anatomical lesions of the ACL [49, 
50, 51]. The techniques used to reconstruct the 
affected bundle is variable but we remain 
confident that the “outside-in” techniques can 
preserve as much of the supposed healthy 
bundle as possible.

The results of patients operated on according to 
this view are, in the literature, very satisfactory 
with a significant improvement in anterior 
translation of the tibia relative to the 
preoperative measurement and a differential 
laxity measured at 1 mm [52, 53]. One must 
note in these patients, a very small percentage 
of positive dynamic tests (5%) [52, 53] and a 
significant improvement in knee’s pro
prioceptive qualities compared to a knee 
undergoing a conventional intervention.

Surgically speaking, the interest to preserve the 
intact bundle is beneficial for several reasons 
all described in the literature [54]:

•	Improvement in the postoperative mechanical 
quality, with a mechanically solid bundle 
protecting the graft and its fixation and 
allowing a more aggressive rehabilitation.

•	Preservation of the vascularity at the level of 
the synovial envelope required for healing of 
the graft [55].

•	Preservation of existing mechanoreceptors in 
the intact bundle. This improves the 
proprioceptive qualities of the knee, therefore 
its ability to resume physical activity [56].

Technically it is an intervention requiring a lot 
of attention, with a delicate balance between 
too much resection which may damage the 
supposed healthy bundle and not enough which 
can lead to impingement at the notch.

RECONSTRUCTION WITH 
PRESERVATION OF 
LIGAMENT TISSUE

The benefits associated with conservation of an 
assumed intact bundle in partial ruptures, has 
led surgeons to consider the possibility of 
preserving as much as possible ligamentous 
tissue, even when ruptures are complete.

The possibility of such a surgical option can be 
first eluded to on MRI if there is a high 
avulsion, but it is the arthroscopic exploration 
that will decide that (high avulsion without 
retraction). This is possible only if the 
intervention is performed relatively acutely.

The femoral tunnel is drilled from outside-in 
with a prudent release of the posterior portion 
of the axial wall of the lateral femoral condyle. 
The drilling of the tibial tunnel is even more 
delicate [57]. The tibial guide is positioned for 
emergence of the guide pin in the center of the 
tibial insertion and the tunnel is drilled with 
drill bits of increasing diameter. The perforation 
must stop as soon as the intra-articular bone is 
crossed and the drill bits must remain strictly 
within the base of the ACL. This way, the entire 
residual tissue is preserved. A “shaver” is 
passed through the tibial tunnel and into the 
foot of the ACL and used to progressively 
skewer and emerge in the upper part of the 
residual ligament, permitting a piercing of the 
remnant ACL and creating a passage for the 
future transplant. The transplant (semi
tendinosus) harvest may remain attached 
distally. It can be passed intra-particularly in 
double or triple, from distal to proximal. At the 
completion of the procedure the transplant 
itself is not visible, covered in its entirety by 
the preserved ACL tissue [58].

During our experience in 2009, this technique 
represented 10% of operated patients. Our 
short-term review showed no significant 
differences compared with conventional 
techniques for range of motion, Lachman test, 
the “Pivot Shift” and the differential. We 
performed subsequent MRI studies which at 
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3  months showed that the transplant had low 
signal intensity and was clearly distinguishable 
from the remnant ACL which showed a hyper 
signal. At 6 months the signal intensity of the 
transplant increased, approaching that of the 
residual ACL, perhaps signifying an advanced 
maturation.

The interest in this technique is in some 
respects, similar to those of partial re
construction, with a vascularization and 
proprioception advantage to which must be 
added:

•	Conservation at the tibial attachment of the 
ACL with a flare shaped filling of the anterior 
part of the intercondylar notch in extension 
contributing to stability.

•	A recovering of the neo-ligament by well-
organized tissue which puts to rest any 
anarchic and exuberant healing that might 
lead to a Cyclops lesion.

This technique does not enhance the mechanical 
properties of the initial transplant and does not 
allow for an accelerated rehabilitation program. 
The weak point remains the upper part of the 
graft which is not covered by the remnant ACL.

AFTER 2010

After Steven Claes’s publication in 2013, 
substantial media buzz has put in light a “new” 
anatomical structure, the anterolateral ligament 
of the knee (ALL) [59]. Since this date, 
orthopedic surgeons have demonstrated a 
renewed interest in the anterolateral structures 
of the knee. More than 85 articles have been 
published on this ALL since 2013. Despite this 
extensive research effort, there is no consensus 
on ALL; on contrary, the ALL is a highly 
controversial subject. For some authors; this 
anatomical structure does not exist or/and has 
no function in knee stability [60-63]. For others 

authors, its macroscopic existence has been 
demonstrated in all knees, as well as its 
histologic appearance being analogous to a 
ligamentous structure [64-67]. Moreover, the 
ALL appears to be involved in the rotational 
control of the knee [68, 69]. This controversy is 
mainly due to the difficulty to isolate the ALL 
using different dissection protocol and to 
identify this structure by imaging including 
MRI.

However, the ALL could be the anatomical 
missing link justifying the historical “lateral 
extra articular tenodesis (Lemaire procedure)” 
for rotatory instability in ACL deficient knee. 
Despite promising clinical results, the ALL 
reconstruction procedure is still in its early 
phase of development and it is too soon to 
know if this procedure will be largely diffused 
or not.

CONCLUSIONS

ACL surgery has evolved considerably over 
the past 50 years. At first, this involved an 
awareness of the inadequacy of extra articular 
procedures and the need to reconstruct the 
ACL. The use of PT is at first difficult and 
reconstruction using fascia lata or extensor 
mechanisms becomes popular. The use of a 
free PT graft disrupts the hierarchy and 
becomes the “gold standard”. For reasons 
relating to frequent secondary pain problems, 
some surgeons gradually move towards the 
hamstrings. The transition to a double bundle 
technique is an evolution linked to a better 
understanding of ACL anatomy. All this 
evolution is based on the biomechanics of the 
ACL. Beginning in 2000, a biological and 
mechanical concept emerges. It is on track for 
being evaluated and under an interesting 
evolutionary path that will provide food for 
thought for young surgeons for many years to 
come. We must today also evaluate the addition 
of an anatomical antero lateral tenodesis.
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The current rate of day case anterior cruciate 
ligament reconstruction (ACLR) in France 
remains low. Reasons for inpatient procedure 
include pain control, prolonged recovery time, 
and surgeon’s fear of compromise to safety and 
reduction in patient satisfaction [1, 2]. The 
feasability of outpatient surgery for ACL 
reconstruction is well known, and many US 
studies have shown favourable results for the 
last twenty years, including low rates of 
readmissions in the post-operative period and 
similar pain control and satisfaction rates 
between ambulatory and inpatient groups [3, 4].
Cost containment issues have had major impact 
on the increasing number of daycase procedures 
in orthopaedic departments over the world [6]. 
The SFA (Société Francophone d’Arthroscopie) 
led a symposium in 2015 to define the specific 
pathway for day case ACL reconstruction.

Between January 2014 and March 2015, ten 
different french orthopaedic departments 
included prospectively 1076 patients who 
underwent primary arthroscopic ACL re
constructions with all surgical arthroscopic 
techniques and autograft used in France 
(hamstring, short graft with semi tendinosous 
tendon, patellar tendon and fascia lata). Two 
groups were compared: an outpatient group (OG) 
including 680 patients who underwent ambulatory 
surgery and a hospitalization group (HG) 

including 396 patients who underwent inpatient 
procedure, with a post-operative stay ranging 
from 1 to 4 days. The two groups were comparable 
at inclusion in terms of gender, age, sport activity, 
IKDC score and Lysholm score. Three types of 
anaesthesia were realised in both groups: general 
anaesthesia (60%), spinal anaesthesia (33%) or 
four regional nerve blocks anaesthesia (7%, 
combined femoral, sciatic subgluteal, obturator 
and lateral femoral cutaneous nerve blocks). Four 
types of local anesthestic injections were also 
performed in both groups, except for patients 
who underwent procedure under only regional 
blocks anesthesia: single injection blocks, 
continuous femoral nerve blocks with catheter, 
intraarticular local anesthesia injection and 
hamstring donor-site block.

The main evaluation criterion was postoperative 
pain on D0 to D5 assessed on a Visual Analog 
Scale (VAS - 0 no pain to 10 maximum pain) 
between the outpatient group and the 
hospitalization group.

The secondary evaluation criteria were the 
influences of surgical technique, anaesthesia 
modality and type of analgesic procedures in 
the pitfalls of ambulatory surgery, the 
comparison of complications in both groups, 
and the patient satisfaction on the admission 
modality on D5.

MANAGEMENT OF DAY CASE 
ANTERIOR CRUCIATE LIGAMENT 

RECONSTRUCTION
T. CUCURULO, E. SERVIEN 

& la Société Francophone d’Arthroscopie



T. CUCURULO, E. SERVIEN

198

All the self-evaluation criteria were entered by 
the patient using the websurvey.fr software 
which enabled us to have independent 
responses with an online link to the electronic 
version of the questionnaires.

RESULTS

Pain

The global analysis of pain score didn’t show 
any significant difference between the out
patient group and the hospitalized group from 
the evening of the procedure to D5.

The follow-up of the evolution of the pain in 
the days after surgery showed there is an 
increase of pain scores between D0 an D1 in 
both groups only for patients who had no 
controlled pain just after the procedure. In fact, 
patients who had low pain in the evening after 
surgery remained pain free the following days.

Multifactorial analysis of the postoperative 
pain in both groups showed differences 
according to the age, the preoperative pain 
scale and the procedure time, but no difference 
was found between the outpatient group and 
the inpatient group. We noticed that there was 
no influence of surgical technique (type of 
autograft, treatment of chondral or meniscal 
lesions) on postoperative pain. The multi
factorial analysis of the postoperative pain in 
the outpatient group permitted to make up a 
kind of composite image of the typical painful 
outpatient (pain score >7) who is a young girl 
(age between 15 and 18), with a preoperative 
pain >3 and who underwent a surgery with 
tourniquet used more longer than 50 minutes.

There were no differences in the analysis of 
VAS regarding to the three modalities of 
anesthesia (general, spinal or four nerve blocks 
anesthesia).

The analysis of modalities of analgesia by 
local anaesthetic (single or continuous nerve 
block, intraarticular or donor site injection) 
demonstrated a decrease in pain score and 

postoperative opioids requirements for patients 
who underwent hamstring donorsite injection. 
There were no influence in control pain 
regarding intraarticular anesthetic injections. 
Our results didn’t show a better control of pain 
with single or continuous femoral or saphene 
nerve blocks compared to periarticular local 
anesthetic infiltrations.

Moreover, systemic nonsteroidal anti
inflammatory drugs (NSAIDs) have proved in 
our study to be valuable in the management of 
postoperative pain between D0 and D5. The 
use of systemic glucocorticoids (i.v. dexa
methasone) during the procedure didn’t 
improve VAS pain but decreased side effects 
such as nausea and vomiting.

Patient satisfaction

Patient satisfaction assessed on D5 was 
comparable in the two groups (93% satisfied 
patients in the hospitalized group, 94% satisfied 
in the outpatient group).

There were no differences in patient satisfaction 
regarding the type of graft.

Insufficent control of pain and lack of 
preoperative information were the most 
frequent causes of unsatisfaction in the out
patient group (4,8% unsatisfied outpatients).

Whereas 23% of the hospitalized patients 
declared they would choose a day case surgery 
for a future similar intervention, only 10% in 
the outpatient group would request 
conventional hospitalization.

Ambulatory failure

We considered as a failure of daycase 
ligamentoplasty an outpatient who had to stay 
at last one further day of hospitalisation. This 
study found 3,4% of day case failure 
(23  patients/680), with a great variability 
between private centers (2% failure) and Public 
Teaching Hospitals (12% failure). The major 

http://websurvey.fr/
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cause of ambulatory failure (52%) was 
symptoms related to anesthesia (e.g. nausea 
and dizziness). Five patients (22%) were unable 
to be discharged due to excessive pain, and five 
patients (22%) because of bleeding or longer 
surgery. Finally, one patient (4%) had to stay in 
hospital because of administrative problem.

Multifactorial analysis of ambulatory failure 
showed differences according to sex, duration 
of tourniquet, NSAID delivery and side effects 
of opioids but no difference was found 
whatever the anesthaesia technique used. We 
noticed that there was no influence of surgical 
technique (type of autograft, treatment of 
chondral or meniscal lesions) on daycase 
failure, except the presence of drain. The 
multifactorial analysis of ambulatory failure 
permitted to draw up a kind of composite 
image of the outpatient who could be unable to 
be discharged: a woman (relative risk (RR)= 
3.6) who underwent a surgery with tourniquet 
used longer than 50 minutes (RR= 3/ RR= 9,8 
if tourniquet duration > 80 minutes), with an 
intraarticular drain (RR= 3,3), who didn’t have 
NSAID delivered (RR= 4,2) and who took 
morphin at D0 (RR= 5,5) with opioid side 
effects (RR= 3,6).

Side effects and complications

In the global serie including OG and HG, 70% 
patients didn’t have any side effects in D0 
evening. The most important side effects were 
symptoms related to anesthesia or opioids side 
effects: dizziness and discomfort (12%), 
digestive disorders (9%), anxiety (3%) and 
other side effects (4%).

The rate of adverse effects in D0 evening 
decreases significantly with the use of local 
anaethetics (locoregional blocks or injection in 
hamstring donor-site), except with intra 
articular injections.

The administration of dexamethason and 
NSAID decreases the rate of side effects at D0, 
but both increase abdominal pain in the evening 
and in the night after the procedure.

No difference was found between the two 
groups (OG and HG) regarding early 
complications, except dizziness and anxiety 
which were more frequent in the OG.

There were no significant differences found 
between the rate of secondary surgery because 
of complications in both outpatient (1%) and 
hospitalized groups (0,5%).

Regarding complications of anesthesia, there 
were no differences between the OG and the 
HG.

We found specific complications secondary to 
spinal anesthesia: one sciatic pain, two post-
lumbar puncture headaches, two urinary 
retentions.

Continuous femoral nerve blocks with catheters 
are responsible for more complications 
(1  infection on catheter, 12 painful patients 
because of problem of battery or obstructed 
catheter, 3 falls secondary to weakness of 
quadriceps).
 

CONCLUSION

This study is not a study of feasibility of 
outpatient surgery in ACL reconstruction, 
which was already done in the USA twenty 
years ago and more recently in a French 
prospective study [5].

If most of our outpatients were satisfied [8], the 
analysis of our failures showed the importance 
of a specialised patient pathway to avoid 
pitfalls in day case surgery [13].

The management of outpatients needs clear 
preoperative information and the postoperative 
period has to be anticipated with standard 
operating procedures (SOPs) [13].

If the surgeon and the anesthetist don’t have to 
change their surgical [7] and anesthetic 
techniques [9, 10], they must work together 
especially to detect preoperative risk factors of 
day case failure [1, 2]. The management of pain 
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is based on multimodal analgesia which 
concerns both the anaesthetist and the surgeon 
[11, 12]. However intraarticular anesthetic 
injections and continuous femoral nerve blocks 
with catheter are currently not recommanded in 
pain management.

With specific pathways involving the 
surgeon, the anesthesiologist, the nurse and 
the physiotherapist, the day case ACL 
reconstruction can be safely proposed in 
specific ambulatory services with a high level 
of satisfaction for the patient [8, 13].
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The different steps of the post-surgery 
rehabilitation of the anterior cruciate ligament 
each meet fixed recovery goals based on the 
post surgery period, on the type of transplant 
used, associated actions. It should be noted that 
for the last 5 years, ACL reconstructions with 
hamstring (DIDT) superseded ACL transplants 
on the patellar tendon, previously considered 
as the “gold standard”.

Schematically there are 3 following steps:

•	D1-D45: Rehabilitation mainly based on 
analytics exercises,

•	D45-D90: Rehabilitation mainly based on 
functional exercises,

•	D90-D150: Begin controlled physical 
activity,

Beyond D150 begin normal physical and sports 
activities.

It is important to note that:

•	Recovering extension takes priority over 
recovering flexion;

•	Working on dynamic weight bearing must 
always be prepared first with working on 
static weight bearing;

•	Effectively removing the crutches implies a 
perfect quadriceps control of 0° of extension 
in full weight bearing, without flexum, pain 
or limping;

•	CCF work (closed kinetic chain exercises) 
must remain the basis to strengthen the 
quadriceps muscle until 16 weeks after 
surgery. After that period, it can be associated 
with a more analytical CCO work (open 
kinetic chain exercises) allowing a better and 
more optimal recovery of the quadriceps 
(Mikkelsen, Shaw, Fitzgerald);

•	Recovering hamstrings must be paid special 
attention for two reasons: as protectors of the 
reconstruction graft and because of their 
deficiency when the transplant is taken at 
their expense.

The first rehabilitation period (D1-D45) is the 
most important as it determines the functional 
future of the operated knee. During this period, 
4 goals must be reached:

-	Wakening the quadriceps,

-	Recovering the complete passive extension,

-	Restoring a normal walking pattern,

-	Wakening the hamstrings, then strengthening 
them even in the last degrees of flexion.

KEY POINTS OF REHABILITATION 
OF THE ANTERIOR CRUCIATE 

LIGAMENT
O. RACHET, B. QUELARD
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Those four goals are the four key points of 
rehabilitation.

KEY POINT N° 1: WAKENING 
THE QUADRICEPS

Wakening the quadriceps, which inhibition is 
extremely frequent whatever the type of 
transplant, will allow to recover the active 
locking of the knee. This muscular awakening 
is based on learning.

•	Rapid voluntary contractions, called “flash” 
of vastus medialis and vastus lateralis 
(1 contraction/sec for 10 seconds then rest for 
10 seconds), knee extended, patient in sitting 
position to put the rectus femoris in impaired 
functions.

•	Static contractions maintained with maximal 
and below pain intensity during the whole 
duration of the contraction (contraction 
lasting 10 sec then resting for 10 sec).

Contractions are done in the right way if the 
vastus medialis can be seen, the patella pulls up 
and the patellar tendon is stretched. Alleviating 
the heel on the floor (fig. 1a, 1b) shows the 
efficiency of the contractions.

KEY POINT N° 2: RECOVERING 
THE COMPLETE PASSIVE EXTENSION

During the days following surgery, to live the 
knee in full extension is painful leading to a 
reflex defense of the hamstrings and an antalgic 
flexum can appear, and if he stay a long time, 
may be responsible for the foun’dation of a 
cyclope. Loosening the posterior muscular 
chain affects then the recovery of the 0° passive 
extension. This loosening is gotten by putting a 
rolled towel under the popliteal fossa (fig. 2a) 
which towel is slowly smaller and smaller. 
Combined with passive knee mobilizations 
towards extension, soft and below pain, with 
“flash” contractions of the vastus medialis and 
lateralis, this towel will allow lto slowly 
recover the full extension and is taken away as 
soon as possible (fig. 2b).

KEY POINT N° 3: RESTORING A 
NORMAL WALKING PATTERN

From the day of surgery, walking exercises 
should be performed with relieved and 
progressive weight bearing with the help 
2 crutches in parallel position. The full weight-
bearing in static is recovered step by step by 

Fig. 1a: Resting position.

Fig. 2a

Fig. 1b: Contraction of the quadriceps: marking the 
poplieal fossa go down and at the same time the 
pression of the heel on the floor decrease.

Fig. 2b
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translating the body on operated leg. During 
the dynamic phase of the walking, the weight 
of the body is partial, with quadriceps 
contraction locking the knee in extension in 
phase of support, alternating with quadriceps 
slackness and flexion of the knee in swing 
phase.

Getting a normal walking pattern, without 
flexum, without limping, without pain, with an 
actively locked knee in full extension during 
propulsion in the support phase, is an absolute 
necessity to remove permanently the crutches.

KEY POINT N° 4: WAKENING 
THE HAMSTRINGS, THEN 
STRENGTHENING, THEM EVEN IN 
THE LAST DEGREES OF FLEXION

The inhibition of medial hamstrings is almost 
constant during grafts of ACL by semi-
tendinosus and gracilis. It is clearly noticed on 
a patient laying in procubitus, knees bending 
between 100 to 120 degrees, asking him to 
resist to one traction toward extension, made 
by examiner (fig. 3).

This position is also a position of exercises 
where the therapist can visualy control the 
presence of semi-tendinosus and gracilis 
muscles in maximal flexion of the knee (120°).

The awekening with Swiss-ball in decubitus 
dorsal position also allows to make them work, 
and later, to strengthen them, associating 
different types of contractions (static, 
concentric, eccentric) in the same range of 
motion (fig. 4a, 4b).

Strengthening the hamstrings, usually well-
made in the first 100 degrees of flexion, is often 
negleted beyond this range of motion, knowing 
that weakness and a delay of pre-activation of 
this muscular group is a well-know recurrence 
factor.

Fig. 4a: Relaxing slowly the pressure of the heel 
corresponds to an eccenteric work of hamstrings.

Fig. 3: Work of the hamstringts in eccentric.

Fig. 4b: Pulling down the hell corresponds to a 
concentric contraction of the hamstrings.
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IN CONCLUSION

Obtaining those four key points allows to 
ensure the future with serenity during the next 
steps of rehabilitation and avoid some 
secondary complications such as stiffness in 
extension, anterior pain, low patella, muscular 
weakness and some tendinopathies.

This learning will be of as much quicker when 
the patient gets the benefit of rehabilitation 
sessions during the pre-surgery, targeted on this 
4 key points.
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Anterior Cruciate Ligament reconstruction is a 
safe surgical procedure and postoperative 
complications are very rare.

Infection and deep veinous thrombosis are well 
known and won’t be detailed here.

Despite the fact that early outcomes after ACL 
reconstruction are very good and are not 
influenced by the type of graft [2], delayed 
complications can occur during a rehabilitation 
period and when returning to sporting 
activities.

Specific complications are related to the 
harvesting site, tunnels and fixation material.

Delayed general complications may concern 
anterior persistant knee pain, muscle weakness, 
knee stiffness, secondary cartilage damage and 
meniscal tears, and of course graft rupture.

SPECIFIC COMPLICATIONS 
ON HARVESTING SITE

A way to avoid donor site morbidity is to use an 
allograft. However the majority of surgeons 
use tendinous autograft from hamstrings or 
bone-tendon-bone graft from the patellar 
tendon, each harvesting technique having its 
own specific risks.

Harvesting btb graft can weaken the patella and 
lead to a fracture during early rehabilitation 
period [8]. Tibial tubercule fracture [1] and 
patellar tendon avulsion are very rare and 
authors described patello femoral instability due 
to iatrogenic sagittal patella fracture [22].

Patellar tendonitis is common and healing is 
the rule with an adapted rehabilitation program, 
chronical evolution with patellar tendon 
ossification is very exceptional [7] (fig. 1).
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Harvesting hamstring tendons seems to be less 
risky but tendon strain is very common during 
the first postoperative month and healing is 
the rule when respecting a rest period during 
rehabilitation. Chronical evolution with 
painful fibrosis and persistant weakness is very 
rare [25].

SPECIFIC COMPLICATIONS 
DUE TO TUNNELS AND 
MATERIALS

Most of them can be prevented peroperatively. 
Efficient lavage and fluid aspiration after 

reaming prevents heterotopic ossifications at the 
femoral tunnel exit with a bone-tendon-bone 
graft [4], controlling the correct femoral button 
deployement in the same location also prevents 
lateral knee pain [19]. Good positionning of 
femoral tunnels, use of progressive diameter 
reamers, especially in double bundle ACL 
reconstruction, can avoid the occurrence of 
femoral condyle fractures [13].

Lately, tibial tunnel enlargment caused by 
bioarbsorbable screw resorbtion can explain 
extra-articular cyst formation (fig. 2) and 
facilitate a proximal tibial fracture [21].

PERSISTANT ANTERIOR 
KNEE PAIN

Tear of infrapatellar nerve when harvesting 
median third of patellar tendon is well known 
and can probably explain superior prevalence 
of anterior knee pain and discomfort while 
kneeling in btb graft than in the hamstring.

Though, a mini invasive double incision [3] 
and the use of PRGF in donor site [17] can 
reduce this risk.

Fig. 1

Fig. 2
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MUSCLE WEAKNESS

The underlying neuro-physiologic mechanisms 
remain unclear, but asymmetry in quadriceps 
strength, activation, and cortical excitability 
persist in individuals with ACL reconstruction. 
It can help to understand long-term reduction 
in sporting activity and increase the rate of 
subsequent joint injury in otherwise healthy, 
active individuals after ACL reconstruction [14].

STIFFNESS AND 
ARTHROFIBROSIS

Influence of the notch for cyclop syndrome is 
also well known [11], as well as anterior 
positionning of the graft can also explain the 
occurrence of this complication.

Major stiffness is very rare and surgical 
treatment is difficult [20].

Well conducted rehabilitation is necessary to 
avoid stiffness and patient participation is 
mandatory. Day-to-day variations in negative 
mood and stress may contribute to adherence 
when prescribed home exercises [5].

CARTILAGE DAMAGE AND 
SECONDARY MENISCAL 
TEARS

Patello-femoral arthritis, especially with btb 
graft, can be prevented by adapted rehabilitation 

and can also reduce poor results 3 years after 
ACL reconstruction [9].

Early damaging chondrolysis has been 
described after postop intraarticular continuous 
pump catheter infusion of bupivacain and 
epinephrin [6].

Pseudogout is a very rare complication [24].

Secondary meniscal tears are clearly correlated 
to the amount of residual laxity after surgery.

GRAFT RUPTURE

Literature is controversial about the influence 
of grafts on rerupture rate. Some authors 
suggest that graft rupture is higher with 
hamstrings [16], others find no difference when 
comparing to btb graft [15], but they agree on 
the fact that there is a higher rate of rereuptures 
with allografts [15].

A higher rate of rerupture is also correlated 
with preop grade 3 pivot shift [18], this is 
influenced by hip rotation restriction (non 
contact rerupture) [10] and especially concerns 
young patients [16, 23].

Young patients and females are also higher at 
risk to have a controlateral ACL rupture [16, 23].

Patient adapted rehabilitation protocols are 
therefore important to prevent these 
complications and can also help to decrease 
fear of reinjury [12].
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INTRODUCTION

Arthrofibrosis after anterior cruciate ligament 
reconstruction (ACLR) is a challenging 
complication. A recent epidemiological study by 
Werner et al. [1] reported an incidence of 0.49% 
of surgical lysis of adhesions after isolated 
ACLR by 6 months post-operatively and 0.91% 
when associated with a meniscal repair.

Flexion deficit is usually better tolerated than 
an extension deficit, even 5 degrees, which 
causes difficulties with walking and anterior 
knee pain [2].

Most post-operative extension deficits result 
from localized mechanical causes and can be 
treated by isolated anterior arthroscopic release 
[3]. In rare cases, a chronic flexion contracture 
with generalized arthrofibrosis requires an 
additional posterior release.

Even though open posterior release is the gold 
standard procedure for treating chronic 
extension deficit, only a few studies have 
reported the results of this procedure. 
Moreover, the four studies investigating 
posterior open release outcomes used a single 
posterior approach [4-8]. To our knowledge, no 
study analysing the results of both 
posteromedial and posterolateral approaches 
has been performed so far.

The purpose of this study was [1] to analyse the 
midterm outcome and complications of a 
combined procedure – anterior arthroscopic 
debridement and posterior open capsulotomy 
– for the treatment of chronic extension deficits 
after ACLR, and [2] to describe the surgical 
technique of posterior open release with both 
posteromedial and posterolateral approaches.

MATERIAL AND METHODS

Subjects

Between 2005 and 2012, 14 patients were 
secondarily referred to our institution for knee 
range of motion (ROM) deficit following 
ACLR. All patients had knee arthrolysis 
performed by two senior orthopaedic surgeons 
from our institution.

Inclusion criteria included the following: 
1) flexion contracture of 10° or more following 
ACLR; 2) chronic flexion contracture 
persisting for 6 months or longer; 3) failure of 
conservative treatment or isolated anterior 
arthroscopic release. A minimum 6 months’ 
follow-up after arthrolysis was requested. 
Patients had no history of knee trauma or 
surgery of the contralateral knee. Patients who 
had undergone prosthetic knee surgery were 
excluded from the study.

EXTENSION DEFICIT AFTER ACL 
RECONSTRUCTION: Is Open Posterior 
Release a Safe and Efficient Procedure?
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Surgical technique

Our surgical management was based on a 
systematic operative strategy. The first surgical 
step was an anterior arthroscopic release.

The subquadricipital pouch and both the medial 
and lateral gutters were released using 
anteromedial and anterolateral portals, with two 
superomedial and superolateral portals if 
necessary. Next, the anterior interval was ins
pected and released if adhesions were present. 
The intercondylar notch was debrided of scar 
tissue. The knee was then mobilized in flexion.

The intercondylar notch was then analysed in 
extension to treat potential causes of an 
extension deficit, such as a localized 
arthrofibrosis [9, 10] (“Cyclops” lesion [11]), 
an impingement of the ACL graft with the roof 
of the notch in extension [12] called the 
“cyclopoïde” aspect [13] or a technical error 
such as protrusion of an interference screw. A 
notchplasty was systematically performed 
when an anterior impingement was present. If 
the impingement persisted after the notchplasty 
because of ACL graft malposition, we were 
sometimes obliged to debride the graft.

Knee motion was then assessed. If full 
extension could not be achieved, a posterior 
open procedure with a posterolateral and a 
posteromedial approach was used. With the 
knee flexed at 90° to take away the popliteal 
neurovascular bundle, a posterolateral 10cm 
skin incision was made. Proximally, the 
incision started at the posterior part of the 
femoral shaft and ran distally to the lateral 
epicondyle and was curved towards Gerdy’s 
tubercle. The incision continued on the 
posterior third of the iliotibial band, allowing 
the biceps femoris to be retracted backward 
and the vastus lateralis forward. The 
capsulotomy was performed between the 
lateral collateral ligament and the lateral 
gastrocnemius, taking care not to injure the 
popliteus tendon. So the posterolateral 
recess was progressively open. This supra
meniscal posterior release was continued 
subperiostally until the posterior cruciate 
ligament was reached.

For the posteromedial approach, a 7-8cm 
longitudinal incision was made starting at the 
top from the soft point between the medial 
epicondyle and the adductor tubercle and 
running parallel to the axis of the tibia as 
described by Lobenhoffer et al. [6] (fig. 1a). 
The retinaculum was also incised and the 
sartorius muscle displaced posteriorly 
protecting the saphenous nerve and vein. The 
retroligamentous capsulotomy was performed 
behind the medial collateral ligament fibres at 
the junction with the posterior oblique 
ligament, exposing the medial condyle and the 
posterior horn of the medial meniscus. In 
arthrofibrotic knees, dense scar tissue was seen 
instead of the normal thin synovial layer. This 
fibrotic tissue was released subperiostally to 
enter the posteromedial recess of the knee.

Using the two retroligamentous approaches, 
the posterior cruciate ligament and its synovial 
fold were visualized. The posterior cruciate 
ligament fold was carefully divided from the 
posterior capsule using scissors to create a 
posterior space behind the femoral condyles 
connecting both posterolateral and 
posteromedial recesses. The scissors should 
cross this posterior space and be visible from 
both sides of the femur in both incisions 
(fig. 1b). All adhesions in the posterior recess 
were then released. A complete posterior 
subperiosteal capsular release was performed, 
detaching the capsule and the head of the 
gastrocnemius muscles from the posterior 
femoral condyles and shaft, a technique 
described as the “femoral peel” by Windsor 
and Insall in the context of total knee 
arthroplasty revision [14] (fig. 1b). The release 
was mainly focused on the femoral capsular 
attachment to preserve the posterior horn of 
medial and lateral menisci. On the tibial side, 
the dissection stopped above the meniscal 
limit, unlike Millett et al. [15], who performed 
the tibial dissection behind the posterolateral 
part of the tibia with an occasional release of 
the semimembranosus tendon.

Passive extension was regularly tested and the 
subperiosteal dissection was continued until 
full extension could be achieved. At the end of 
the procedure, the ACL graft was checked 



EXTENSION DEFICIT AFTER ACL RECONSTRUCTION…

211

because mobilization to regain extension can 
lead to graft rupture. After deflating the 
tourniquet, meticulous haemostasis was 
performed. One suction drain was inserted in 
the posterolateral portal and left in place for 
24  hours in order to avoid post-operative 
haematoma. The arthrotomy was left open. The 
iliotibial band, the medial retinaculum, the 
subcutaneous tissues and the skin were sutured 
at the end of the procedure.

Postoperative rehabilitation

Patients were placed in an extension brace for 
the first post-operative night only. A continuous 
passive motion (CPM) machine was not used. 
Intensive physiotherapy with several sessions a 
day began on the first post-operative day with 
special emphasis on quadriceps awakening. It 
included manual mobilization, full passive and 
active-assisted ROM exercises and patellar 

Fig. 1: Cadaveric dissection of a right knee: 
a: Lateral view: retroligamentous approach showing the posterior space behind 
the femoral condyles (LCL: lateral collateral ligament; * posterolateral recess).
b: Medial view: “femoral peeling” by the posteromedial retroligamentous approach 
(MCL: medial collateral ligament; * posteromedial recess).

a

b
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mobility exercises. Extension postures had to 
be maintained for long periods of time (1 hour 
every 4 hours). Complete weight-bearing was 
authorized as tolerated. Patients walked with 
crutches until extension and quadriceps 
contraction during the stance phase were 
achieved. All patients were systematically 
addressed to a rehabilitation centre for 3 weeks.

Clinical Evaluation

At final follow-up, objective and subjective 
International Knee Documentation Committee 
(IKDC) forms, KOOS score and activity level 
were recorded. The range of motion (ROM) 
was measured preoperatively and at follow-up 
with a goniometer and compared to the 
contralateral healthy knee both for extension 
and flexion.

All patients gave their informed consent before 
they were included in the study, and the study 
protocol was reviewed and approved by the 
institutional review board.

Statistical Analysis

The Wilcoxon-Mann-Whitney test was 
conducted using the GNU GSPP v.3 free 
software. A p-value <0.05 was considered 
significant.

RESULTS

At median follow-up of 38 months (range 
6-90  months) after arthrolysis, a total of 
12 patients were reviewed (5 women, 7 men). 
Two patients were lost to follow-up. The 
median age at final follow-up was 36 years 
(range 20-56 years).

Knee stiffness was secondary to primary bone-
to-bone ACLR in all 12 patients and associated 
with medial menisectomy in 4 cases (Table 1). 
All primary surgeries to regain ROM had been 
performed in other institutions and all patients 
were referred secondarily to our service. Seven 

patients had sustained surgery to treat knee 
stiffness prior to presenting to our service 
(Table 1).

The median time between the primary operation 
and the secondary surgical release was 
17  months (range 6-84). Surgical findings 
during the arthrolysis are summarized in 
Table 1. The mean operation time was 54min 
(range 40-78min).

Preoperatively, all patients had more than 10° 
of extension loss (Table 2). Ten patients 
presented a global form of arthrofibrosis with a 
combined extension and flexion deficit. Two 
patients had more than 10° extension loss with 
a flexion loss of less than 15° (“isolated” 
extension loss; patients 7 and 8 - Table 2).

At follow-up, all patients except one (93%) 
achieved complete extension (Table 2). Only 
1 patient (patient 11) (7%) had a residual post-
operative flexion deformity of 5°. Extension 
and flexion improvements were highly 
significant after arthrolysis (p<0.001).

Analysis of mean ROM of the operated knee 
before arthrolysis showed 96° ± 14.3°. The 
ROM improved significantly after arthrolysis 
to 143° ± 7° (p<0.001).

Intra-operative findings during arthrolysis are 
summarized in Table 1.

No post-operative complications were 
recorded. No patients required further open 
debridement. No neurovascular deficits were 
noted after the posterior release.

Pre- and post-operative objective IKDC scores 
as well as post-operative subjective IKDC 
scores are shown in Table 2.

The post-operative KOOS distribution was as 
follows: pain 93.8 ± 5; symptoms 88 ± 8.6; 
ADL 96.8 ± 3.7; sports activities 83.6 ± 12.3; 
and quality of life 82.9 ± 8.8.

With regard to the activity level, at follow-up, 
all patients (100%) had returned to sport, or 
daily living activities for the 2 patients who did 
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Patients Age Surgery after 
injury

Time between 
injury and 
initial ACL 

reconstruction 
(months)

Initial ROM 
deficit 

management

Time between 
initial ACL 

reconstruction 
and arthrolysis

Surgical 
findings during 

arthrolysis

Specific 
surgical 

step 
during 

arthrolysis

1 27
ACL 

reconstruction 
(BTB with patellar 

tendon)
2,5 Only standard 

rehabilitation 6 Cyclop 
syndrome

2 29
ACL 

reconstruction 
(BTB with patellar 

tendon)
2 Only standard 

rehabilitation 10 Cyclop 
syndrome

3 56

ACL 
reconstruction 

(BTB with patellar 
tendon) + medial 

menisectomy

78 Only standard 
rehabilitation 84 Cyclop 

syndrome

4 37
ACL 

reconstruction 
(BTB with patellar 

tendon)
47 Only standard 

rehabilitation 9
Subquadricipital 

pouch with 
localized fibrosis

5 47
ACL 

reconstruction 
(BTB with patellar 

tendon)
4 MUA at

 3 months 24 Cyclop 
syndrome

6 19
ACL 

reconstruction 
(BTB with patellar 

tendon)
2 Only standard 

rehabilitation 10

- Cyclop 
syndrome
- ACL graft 
malposition 
(too vertical)

7 29
ACL 

reconstruction 
(BTB with patellar 

tendon)
2,5

Tibial screw 
removed
(too long)

10
ACL graft 

malposition with 
impingement

Complete 
ACL 

shaving 

8 26

ACL 
reconstruction 

(BTB with patellar 
tendon) + medial 

menisectomy

1 MUA at 
3 months 10

ACL graft 
malposition with 

impingement

Complete 
ACL 

shaving 

9 31

ACL 
reconstruction 

(BTB with patellar 
tendon) with early 

postoperative 
septic arthritis

3

Arthroscopic 
synovectomy 

at 20 days 
postoperatively 

for septic 
arthritis

7

- Subquadricipital 
pouch with 

localized fibrosis
- ACL graft 
malposition

Complete 
ACL 

shaving

10 35

ACL 
reconstruction 

(BTB with patellar 
tendon) + medial 

menisectomy

2 MUA at 
2 months 6

Subquadricipital 
pouch with 

localized fibrosis 
and calcifications 

in the 
intercondylar 

notch

11 45
ACL 

reconstruction 
(BTB with patellar 

tendon)
3

Tibial screw 
and metallic 

wire removed 
at 7 months

14
ACL graft 

malposition with 
impingement

Partial ACL 
shaving

12 52

ACL 
reconstruction 

(BTB with patellar 
tendon) + medial 

menisectomy

2

Isolated anterior 
arthroscopic 

debridement at
9 months for 

cyclop syndrom

17
ACL graft 

malposition with 
impingement

Table 1: Demographic datas and surgical management of the twelve patients (ACL: anterior cruciate 
ligament; BTB: bone-to-bone; ROM: range of motion; MUA: manipulation under anesthesia).
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not practise sports (patients 3 and 4 – Table 2). 
Two patients decreased in activity level 
because of residual knee pain (patients 8 and 
12) but follow-up was only at 6 and 9 months, 
respectively.Functional outcomes were not 
statistically influenced by age, time between 
index surgery and arthrolysis, or associated 

surgical procedures such as menisectomy or 
ACL graft shaving during arthrolysis.
One patient (patient 7) complained of knee 
instability 6 months after arthrolysis. In this 
case, the ACL graft had to be resected in order 
to obtain full extension at the end of the 
procedure, and ACL revision using hamstring 

Patients

Follow-up 
after 

arthrolysis 
(months)

Extension Flexion Objective IKDC Subjective 
IKDC Activity level*

Patient 
satisfaction 
(scale of 10)

Pre-
operative

Post-
operative

Pre-
operative

Post-
operative

Pre-
operative

Post-
operative

Post-
operative

Pre-
injury

At 
follow 

up
At follow up

1 33 -10 0 110 140 C B 92 I I 10

2 22 -10 0 100 140 C A 95 I I 9

3 22 -20 0 120 140 C B 79 IV IV 10

4 90 -15 0 110 140 D A 87 IV IV 9

5 28 -30 0 110 130 D A 82 I I 9

6 35 -20 0 120 140 C A 99 II II 9

7 14 -15 0 130 130 D B 98 II II 10

8 9 -15 0 130 130 D B 70 I III 9

9 40 -15 0 80 125 C B 80 II II 9

10 65 -15 0 110 140 D A 98 II II 10

11 86 -10 5 120 140 D B 78 II II 8

12 6 -20 0 110 130 D B 79 II IV 9

Average 
(range)
± SD

38 (6-90) -16.25°
± 5.7

0.4° 
± 1.4

112.5°
±13.6

135.4°
± 5.8

86.4 
± 9.7

9,25 
± 0,6

Table 2: Postoperative clinical outcomes.
*Class I: jumping, pivoting, hard cutting, soccer. Class II: heavy manual work, skiing and tennis. 
Class III: light manual work, jogging and running. Class IV: sedentary work and activities of daily living.
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tendons was necessary 6 months after 
arthrolysis. The three other patients who had 
ACL graft resections during the arthrolysis did 
not complain of knee instability.

DISCUSSION

The most important finding of the present study 
was that open posterior release is a safe and 
efficient additional procedure for treating 
persistent flexion contracture after anterior 
arthroscopic release. Indeed, all the patients 
except one (93%) had a complete post-
operative extension and all patients were 
satisfied. Subjective functional results after 
posterior release were close to outcomes seen 
from primary ACLR [16].

Loss of range of motion remains a problematic 
complication after ACLR [17]. Strum et al. 
[18] reported 35% of ROM loss after acute 
ACLR two decades ago. However, with a 
better understanding of risk factors, surgical 
timing, improved surgical technique and 
advanced rehabilitation protocols, this ROM 
loss had markedly decreased to 0.49 to 11% [1, 
11, 19, 20]. 

The aetiology of motion loss after ACLR is 
variable. As opposed to just the timing of 
surgery [21, 22], other factors should be 
analysed closely preoperatively, including the 
severity of the initial soft-tissue or bony injury, 
MRI documented bone bruising [23] and 
ROM. Other causes can lead to loss of motion 
after ACLR such as delayed rehabilitation, 
technical errors [24, 25], Cyclops lesions [11, 
26], patellar entrapment or infrapatellar 
contracture syndrome (IPCS) [27], infection, 
complex regional pain syndrome and genetic 
factors [28].

Despite these preventative strategies, a few 
patients do develop ROM loss after knee 
surgery. In most cases, conservative treatment 
with enhanced rehabilitation or manipulation 
under anaesthesia should suffice to solve the 
deficit. On rare occasions, a surgical 
debridement is necessary to obtain complete 
extension. It remains difficult to know when to 

intervene surgically. It is fundamental to 
identify the cause of knee stiffness as soon as 
possible. At the beginning of the third month 
following the index operation, should there be 
no gain in ROM despite intensive rehabilitation, 
a surgical solution should be envisioned. In 
cases where an obvious cause is idenfied, such 
as a “Cyclops” lesion or an intra-articular 
screw, then a surgical solution should be 
executed rapidly. Where the pathology is more 
of a global deficit with associated inflammatory 
syndrome, the decision is more difficult. Paulos 
et al. [29] recommended avoiding surgery until 
the inflammatory state has become quiescent. 
Occasionally, a vicious cycle is present: 
intensive rehabilitation causes pain and 
inflammation, which in turn cause knee 
stiffness. In these cases, anti-inflammatories 
and restriction of painful rehabilitation is 
useful, and at 6 months, surgical intervention 
should be considered [30].

The structured release procedure for treating 
ROM deficit has always included a systematic 
anterior arthroscopic release [3, 31-33]. 
Sometimes, when the initial ACL graft is 
malpositioned and conflicts with the 
intercondylar notch, it has to be removed to 
obtain full extension. In these cases, the patient 
should be informed that an iterative ACLR 
could be necessary in the case of knee 
instability. No extension deficit, even a few 
degrees, should be tolerated at the end of the 
arthroscopic step. If there is still a residual 
flexion contracture, a second open posterior 
step must be performed [34].

Various studies have reported post-operative 
outcomes following knee stiffness treatment 
procedures [9, 19, 35-37]. Nonetheless, these 
series were heterogeneous with a large variety 
of different treatments, with a systematic 
anterior release associated in a few cases to a 
posterior release. None of these studies detailed 
separately the specific outcomes of the 
posterior open release because of the rarity of 
this procedure.

Only four studies specifically report their 
posterior open release results but none include 
a systematic posteromedial and posterolateral 
approach (Table 3).
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Table 3: Literature review of the posterior open and arthroscopic debridement series.

Authors Patients 
(n)

Mean age 
(years) Arthrobibrosis aetiology

Interval from index 
procedure to 

arthrolysis (months)
Follow up Treatment ROM Results Clinical results complications

Benum & al.
(1982) [4] 4 42 (35-52) Ligament procedures, 

menisectomies 19.3  (12-36) 17 months 
(4-38)

Medial parapatellar 
anterior extensile 

approach

Extension 8° (-15 to 5°) to 4° 
(-15 to 5)

Flexion 69°(30-90) to 
136°(125-145)

No 1 additional mob under 
anesthesia at 10 days

Millet  & al.
(1999) [8] 8 29 (19-43)

4 Acute ACLR
1 Acute PCLR

1 Acute ACLR/PCLR
1 septic arthritis

1 ORIF + MCL/LCL
and PCLR

12.3 (6-9) 57 months 
(9-13)

Medial parapatellar 
anterior extensile 

approach

ROM gain: 62°
Flexion gain: 81° (40-130)

 to 125° (110 -145)
Extension loss: 18.8° (15-20)

 to 1.25° (0-5)
All improvement significant 

p<0.01

Mean improvement 
Lysholm: 35.5 
points (p<0.05)

3 subsequent 
procedures: 

1 manipulation under 
anesthesia, 

1 arthroscopic 
debridement and one 
ACLR/PCLR for knee 
instability at 9 months 

after open 
debridement.

Lobenhoffer & al.
(1996) [6, 7] 21 28

Ligament procedures
Infection

Prolonged immobilization
for fractures

6 months
to 7 years

18 months 
(6-38)

Arthroscopic arthrolysis 
+ posteromedial open 

capsulotomy

Extension gain: 15°
Preop: extension deficit 17°

(10°-30°)
Follow up: ext deficit 2°

Lysholm: 62 preop
and 88 postop.

Tegner score: 2.2 to
4 after arthrolysis

1 haematoma in the 
posterior wound 

(aspiration)
No neurovascular 

complication

Freiling & al.
(2009) [5] 86 N/D Various causes N/D 4.6 years (1-10)

Combined open 
approach: anteromedial 

+ posteromedial

Extension gain: 17°
No patient with more than 5° 

of flexion contracture

Lysholm: 84
Tegner activity 
scale: 1.9 to 4

2 synovial fistulas
1 haematoma

Our Serie 12 36 (20-56)
8 isolated ACLR

8 ACLR + 
medial menisectomies

17 (6-84) 38 months 
(6-90)

Double posteromedial 
and posterolateral 

approaches

ROM: 96° ±14,3 to 143° ±7
Extension: -16.25° ± 5.7

to 0.4° ± 1.4
Flexion: 112.5° ± 13.6

to 135.4° ± 5.8

Postop. subjective 
IKDC: 86.4 ±9.7

Postop. Objective 
IKDC: 5A, 7B.

No

Tröger & al.
(2014) [40] 16 45

9 ACLR
7 fractures 

or osteotomies
N/D 2.9 months 

(0-20)

Arthroscopic posterior 
arthrolysis with single 
posteromedial portal

Extension loss: 13.6° (0-40)
to 3° (0-10)

Flexion gain: 91.6 ° (35-125)
to 117.8 ° (95-140)

N/D N/D

Mariani & al.
(2010) [39] 18 34 (23-63)

14 femoral or tibial 
fractures

4 septic arthritis f
ollowing surgery

15 (4-22) 12 months

Arthroscopic posterior 
arthrolysis with both 
posteromedial and 

posterolateral  portals

Extension loss: 34° (12-44)
to 3° (0-5)

Flexion gain: 85° (65-110) 
to 100° (85-110) 

N/D

Synovial fistula at the 
posteromedial portal.

No neurovascular 
deficits

Laprade & al.
(2008) [38] 15 32 (15-53)

8 isolated ACLR
3 arthroscopic debridements

1 lateral menisectomy
1 drilling for OCD
2 multiligament 
reconstructions

18.5 (3-52) 24.1 months 
(12.760.5)

Arthroscopic posterior 
arthrolysis with single 
posteromedial portal

Extension loss: 14.7° (7-28) 
to 0.7° (0-15)

Flexion gain: 116.3° (76-135) 
to 130.1° (120-135)

N/D No

MM: medial menisectomy, MCL: medial collateral ligament, LCL: lateral collateral ligament, ORIF: open reduction 
and internal fixation, ACLR: anterior cruciate ligament reconstruction, PCLR: posterior cruciate ligament reconstruction; 
OCD: osteochondritis dissecans; N/D: non documented. The solid line separates the open and arthroscopic series.
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Benum et al. [4] reported their results for 
7  patients that underwent open extensive 
capsulotomy to treat knee loss of motion. They 
used a single medial parapatellar anterior 
approach to treat mainly flexion deficit. In all 
7  patients, a posteromedial capsular release 
was carried out while only 4 of the 7 patients 
had an associated posterolateral release. The 
mean preoperative extension deficit was only 
4 degrees and 3 of the 7 patients (43%) retained 
a post-operative extension deficit. Similarly, 
Millett et al. [8] reported a series of 8 patients 
who experienced flexion contracture, and were 
treated by anterior and posterior release using a 
single anterior extensile approach. This open 
procedure permitted a 62° ROM gain with 
good subjective outcomes but two patients 
retained an extension deficit (25%) and 
3  patients required subsequent procedures 
(Table 3).

Treating a posterior flexion contracture using 
an isolated anterior approach seems to us 
technically difficult and needs an extensive and 
invasive approach.

In a series of 21 patients with chronic flexion 
contracture, Lobenhoffer et al. [6, 7] reported 
their outcome at a mean of 18 months’ follow-
up (range 6-36 months). They also performed 
an anterior arthroscopic release, followed by a 
posterior open release. In their series the 
capsulotomy was performed using a single 
posteromedial approach. The mean extension 
deficit of 17° improved to a mean of 2° but 
6 patients (29%) retained an extension deficit, 
albeit moderate. In a similar cohort, Freiling 
et  al. [5] reported their series of 86 patients 
who underwent a single posteromedial open 
release. With a mean follow-up of 4.6 years, 
the mean extension increased by 17° following 
the posterior debridement but several patients 
had a residual extension deficit (Table 3). Post-
operative ROM was not precisely reported. 
Three patients required revision surgery (1 for 
haematoma, 2 for synovial fistulas).

Unlike Lobenhoffer et al. [6] and Freiling et al. 
[5], who insisted on the importance of a single 
posteromedial approach to avoid a peroneal 
nerve injury, we prefer a dual posteromedial 

and posterolateral approach as it allows good 
visual and tactile access to both posterior 
recesses to fully and safely release the 
contracted posterior capsule, with no 
complications experienced in our series.

Recently, several authors have described 
arthroscopic posterior release [3, 38-40] for 
treating extension deficit of the knee. The 
results of the three posterior arthroscopic 
release series are presented in Table 3. Although 
it seems attractive to use modern arthroscopic 
techniques to perform posterior release of the 
knee, we still prefer the open procedure, which 
permits a more extensive release and a more 
thorough haemostasis than arthroscopic 
treatment. Indeed, posterior arthroscopic 
dissection of the scar tissue or adhesion is 
technically demanding, especially when 
posterior recesses are almost completely 
obliterated. Even in the most experienced 
hands, it’s a difficult and time-consuming 
procedure. Moreover, the arthroscopic 
treatment may fail because it is unable to 
remove all fibrotic tissue in the posterior 
compartments. Indeed, Laprade et al. [38] and 
Tröger et al. [40] only performed a 
posteromedial portal without a posterolateral 
portal. It seems difficult to completely release 
both posteromedial and posterolateral 
compartments byusing a single posterior portal. 
Finally, the clinical outcomes of these 
arthroscopic series are not completely 
satisfying as extension deficit persists at 
follow-up. Four of the 15 patients (27%) in the 
series of Laprade et al. [38] had an extension 
deficit after the procedure including one of 15°. 
Mean extension loss is still 3 degrees in the 
series of Mariani et al. [39] and Tröger et al. 
[40] after the posterior arthroscopic procedure.

The main limitations of this study are its 
retrospective design and the small sample size, 
which did not allow us to statistically 
underscore pejorative factors for functional 
results. However, open posterior release is a 
salvage procedure for treating rare cases of 
chronic ROM deficit, so the overall study 
patient number is considered acceptable. 
Further follow-up is also warranted, especially 
to study degenerative changes after this 
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procedure. Another limitation is the absence of 
a control group.

CONCLUSION

In conclusion, the procedure involving anterior 
arthroscopic arthrolysis and posterior open 
release gives good ROM gain and functional 
scores without complications in this series. 

Prevention of extension contracture after 
ACLR is essential, through a better under
standing of surgical timing, an improved 
surgical technique and non-aggressive early 
rehabilitation. Nonetheless, open posterior 
release should be safely performed only for 
rare cases of refractory extension deficit with 
significant ROM improvements and patients’ 
satisfaction.
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After an anterior cruciate ligament (ACL) 
rupture, the aim of the treatment (whatever the 
treatment, conservative or surgical) is to allow 
the patient to return to previous physical 
activity. If the patient is sedentary, the 
conservative treatment usually allows a safe 
return to normal daily life. If the patient is an 
athlete, the surgical treatment must be 
considered especially if the practiced sport is a 
pivot-sport. The aim of the surgical treatment 
must be pointed out, mainly to provide a stable 
knee in order to return to sport activity. There is 
currently no evidence that surgery could 
prevent osteoarthritis in comparison to 
conservative treatment.

There is a consensus on clearance to return to 
sport should occur at around 6 months after the 
surgery, between 4 to 9 months for moderate 
sports and at a range from 4 to 18 months in 
case of strenuous sports [1]. However, there is 
no real scientific evidence to define an accurate 
time to return to sport.

The objective of this paper is to provide a 
return to play guidelines after ACL re
construction, based on our experience and 
supported by the current literature.

INTRODUCTION

One of the main and first question that an 
athlete asks to his surgeon after an ACL rupture 
is “When can I go back to play?” It is usually 
observed in professional athlete population as 
well the pressure from the club. The competition 
calendar and the financial issues are prominent, 
but it can be asked by a recreational athlete, 
like some “weekend warriors” as the sport is an 
important part of their life, physical and 
psychological balance. The surgeon should 
take in consideration these factors before 
making any surgical decision and informing 
the patient about the objective and the 
timeframe of the surgery along with re
habilitation procedures accordingly, in order to 
fit the patient’s expectation. Therefore, patient’s 
information is crucial to avoid any 
disappointment and any mistake in the 
postoperative evolution.

The main questions for the surgeon are: When 
is it safe to stress the graft according to the 
bone integration and graft healing process? 
When do patients have sufficient muscle 
strength and neuromuscular control to cope 
with the physical load of their sport? The two 
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previous questions generate this one: When 
will the risk of re-injury be at the lower possible 
level in order to authorize the player to return 
to sport?

WHAT DOES IT MEAN 
“RETURN TO PLAY” AND 
WHAT IS THE ACTUAL 
RATE?

In their meta-analysis, Arden et al. (Forty-eight 
studies evaluating 5770 participants at a mean 
follow-up of 41.5 months were included for 
review) demonstrated that while 82% of 
patients returned to some form of sports 
participation following ACL reconstruction 
surgery, only 63% of patients were able to 
return to their pre-injury level and only about 
half of patients returned to competitive sport 
after ACL reconstruction surgery [2].

In another study, the same group showed that 
while two-thirds of patients had attempted 
some form of sport by 12 months following 
their surgery, only one-third had returned to 
their pre-injury level of competitive sport 
participation [3].

In a more selected population, including 
motivated professional athletes, it is probable 
that the rate of return to same level and 
competition should be better but the patient 
must be informed about the actual rate in order 
to fit his/her expectations.

WHICH FACTORS SHOULD 
BE TAKEN INTO CONSIDE
RATION TO CONDUCT THE 
CUSTOMIZED RETURN TO 
PLAY PROCESS?

Different factors must be taken into account to 
allow the patient to move from one step to 
another during his rehabilitation and return to 
play: the biology (fixation, integration and 
maturation of the graft according to the type of 

graft) the neuromuscular control and the 
psychological factors.

The biology

The fixation and the maturation of the graft 
should be considered.

Even if there are some controversies in li
terature, it seems that there is no evidence that 
one graft should be superior to another concerning 
return to sport and risk of re-rupture [4].

However, the consolidation of the bone plugs 
in the tunnels has been shown to be faster than 
the tendon tunnel integration. Therefore, 
prudence is advised especially after hamstrings 
reconstruction.

The development of the fixation systems have 
facilitated the modern rehabilitation protocols 
allowing immediate weight bearing, less knee 
immobilization, early and unrestricted range of 
motion, early recovery of neuromuscular 
function and therefore, early return to physical 
activity. The bone integration is different 
according to bone-tendon-bone graft or tendon 
grafts. It can take up to 4-6 months before 
complete bone integration; then a minimum of 
4-6 months should be respected before to return 
to play only according to the bone integration.

The maturation of the graft has been studied on 
animals. The three phases of healing and their 
approximate timelines in animal models are 
remodeling (first 4 weeks postoperatively), 
maturation (weeks 4-12), and ligamentization 
(from 12 weeks). It has been demonstrated that 
there are substantially reduced mechanical 
properties of the graft in the first 8-12 weeks. 
This notion has not been demonstrated in 
human population and appears to contradict 
the successful clinical outcomes reported 
after accelerated rehabilitation programs. 
Additionally, there are some controversy 
concerning the properties of the tendon graft in 
human population. This graft could undergo a 
process of adaptation rather than a 
ligamentization or restoration of native ACL 
[5]. We miss further research to accurately 
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assess the properties of human ACL graft. 
However, the animal studies should lead to at 
least some prudence during the intermediate 
phase between physiotherapy and return to 
play (4 to 6 months).

Strength and neuromuscular control

Many guidelines have been proposed regarding 
the criteria that the patient must meet before to 
return safely to play but there is currently no 
evidence to support one protocol or another 
one (fig. 1).

For that reason, at Aspetar, we have conducted 
a study to evaluate whether strength or 
functional tests, which are frequently used as 
return to sport criteria, are risk factors for an 
ACL graft rupture in a group of male 
professional athletes [6]. 158 male professional 
athletes who underwent an ACL reconstruction 
and returned to their previous professional 
level of sport were included. Before players 
returned to sport, they underwent a battery of 

discharge tests (isokinetic strength testing at 
60°, 180° and 300°/s, a running T test, single 
hop, triple hop and triple crossover hop tests). 
Athletes were monitored for ACL re-ruptures 
once they returned to sport (median follow-up 
646 days, range 1-2060). Out of the 
158  athletes, 26 (16.5%) sustained an ACL 
graft rupture with an average of 105 days after 
return to sport. Two factors were associated 
with increased risk of ACL graft rupture:

1) not meeting all six of the discharge criteria 
before returning to team training; and 
2)  decreased hamstring to quadriceps ratio of 
the involved leg at 60°/s.

We concluded that athletes who did not meet 
the discharge criteria before returning to 
professional sport had four times greater risk 
on sustaining an ACL graft rupture compared 
with those who met all six RTS criteria. In 
addition, hamstring to quadriceps strength ratio 
deficits were associated with an increased risk 
of an ACL graft rupture.

Fig. 1: Return to sport after ACL recontruction. Aspetar guidelines. (E. Witvrouw, P. Kyritsis, P. Landreau).
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In the literature, it is notable that there is no 
relationship can be found between the rate 
of returning to the pre-injury level of sports 
participation and knee function, as 
measurements were conducted by the 
International Knee Documentation Committee 
(IKDC) knee evaluation form. [3].

Psychological factors

Some authors have suggested that psychological 
factors may also contribute to the return-to-
sport outcomes, as fear and motivation [7]. 
Other factors can influence the return to play 
and its quality, like family situation and work 
involvement.

RISK OF NEW INJURY (GRAFT 
RUPTURE AND CONTRALATERAL 
ACL INJURY)

After RTS the risk of re-injury (graft rupture) 
ranges in the literature from 6% to 25% 
whereas the risk of contralateral ACL injury 
ranges from 2 to 20.5%.

Wright et al. [8] conducted a systematic review 
of six level I or II prospective studies that 
evaluated the graft rupture and contralateral 
ACL injury rates in patients at least 5 years 
following ACL reconstruction surgery, using 
either a patellar tendon or hamstring tendon 
autograft. The results demonstrated that, the 
ipsilateral ACL graft rupture rate ranged from 
1.8 to 10.4%, with a pooled percentage of 5.8%. 
The contralateral injury rate ranged from 8.2 to 
16.0%, with a pooled percentage of 11.8%. 
They concluded that the risk of ACL tear in the 
contralateral knee (11.8%) was double the risk 
of ACL graft rupture in the ipsilateral knee 
(5.8%). However, most studies do not clearly 
separate graft rupture and graft deficiency that 
may have been present from the early 
postoperative period. This may in turn influence 
the factors that are identified as predictors of 
graft rupture as opposed to failure.

Young age is a factor of re-injury. Shelbourne 
et  al. [9] demonstrated that young patients 

(<18 years) had the highest risk of graft rupture 
and they have also been shown to be up to seven 
times more likely to sustain a contralateral ACL 
injury than patients aged greater than 18 years.

Wiggins et al. [10] in a systematic review, 
showed that athletes younger than 25 years 
who returned to sport have a secondary ACL 
injury rate of 23%. This systematic review and 
meta-analysis demonstrates that younger age 
and a return to high level of activity are 
predominant factors associated with secondary 
ACL injury. These combined data indicate that 
nearly 1 in 4 young athletic patients who 
sustain an ACL injury and return to high-risk 
sport will go on to sustain another ACL injury 
at some point in their career, and they will 
likely sustain it early in the return-to-play 
period. Andernord et al. [11] in a cohort study 
of 16,930 patients with 2-year follow-up, 
demonstrated that soccer players and 
adolescents are predictors for a high risk of 
revision surgery.

CONCLUSION

Most athletes can return to sport after an ACL 
reconstruction but the rate of return to previous 
sports level and competition can be more 
disappointing. The time to return to sport in 
practice goes from 4 months to 18 months.

The elements which influence the time and 
quality of return to play are multifactorial and 
the return-to-sport decision should be 
individualized and objective (goal), rather than 
based on time.

The maturation of the human ACL graft should 
not be the only factor to be considered. Meeting 
specific objective discharge criteria can reduce 
the relative risk of sustaining an ACL graft 
rupture. Nevertheless, careful attention to 
athletes achieving an appropriate hamstring to 
quadriceps strength ratio before discharge after 
ACL reconstruction, may help to reduce the 
likelihood of ACL graft rupture.

The young age and high level of sports must 
make return to sport discharge even more 
prudent.
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INTRODUCTION

Anterior cruciate ligament (ACL) is composed 
of two bundles, the anteromedial (AM) bundle 
and the posterolateral bundle (PL). These two 
bundles are tight in extension, the AM band 
tightens between 45 and 90° of knee flexion 
and seems to be mainly involved in anterior 
tibia translation control, whereas PL band is 
tighten at 30° of flexion and controls the 
rotational stability [1, 2, 3]. Isolated injuries of 
the ACL account for nearly half of all knee 
ligament injuries [4] and primarily affect young 
and active patients. Partial tears of ACL, 
namely just one bundle injured, are observed in 
10 to 28% of isolated ACL lesions [5, 6]. 
Functional consequences are moderate and 
clinical relevance is usually poor. Patients 
present a firm and delayed stop at the Lachman 
test, a moderate anterior laxity and a weak or 
no pivot shift [5]. MRI is not sensible to 
distinguish partial from total ACL lesions. For 
Van Dyck & al., the sensibility is between 25% 
and 53% [1]. The diagnosis of partial tears is 
based on a combination of clinical and 
paraclinical factors [1, 5, 6, 7]. Functional 
treatment may be proposed in the absence of 
meniscal or cartilaginous lesion.

The aim of this study was to analyse the level 
of the return to sport after partial ACL rupture, 
the rate of progression to a complete rupture 

and of development of cartilaginous and menis
cal lesions in young and athletics patients.

MATERIAL AND METHODS

A consecutive series of 41 patients presenting a 
partial ACL tear between 2008 and 2014 is 
reported.

Inclusion criteria were patients under the age of 
30 years old presenting a partial ACL tear. 
Exclusion criteria were associated meniscal or 
chondral lesions, previous surgical history on 
the index knee and contralateral ACL rupture.

The diagnosis of partial ACL tear was based on 
a delayed firm stop at the Lachman test and a 
differential laxity measured with the Rolimeter® 
less or equal to 5 mm and/or a weak or no pivot 
shift. An MRI was done to assess the type of 
ACL tear and the cartilage and meniscal status.

Non-surgical treatment was proposed and 
based on a rehabilitation protocol including 
quadriceps and hamstring strengthening, 
neuromuscular rehabilitation. The absence of 
pain and instability was regularly assessed.

The time between the ACL tear and the first 
consultation, the type and the level of sport at 
the time of the rupture were recorded.
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The functional evaluation of the knee before 
the trauma was done using IKDC subjective 
score and the level of sport was evaluated with 
the Tegner score.

All patients were systematically examined at 
one year follow-up after the injury. The anterior 
and the rotatory stability were analysed using 
the Lachman test, an instrumented evaluation 
of the anterior drawing with the Rolimeter® and 
the jerk test.

Furthermore, all patients were contacted to 
know if they were stable and if they presented 
a complete ACL tear. The Tegner and IKDC 
subjective scores were also recorded. The 
ACL-RSI score was done to analyse 
psychological impact of the tear on the return 
to sport.

RESULTS

Forty one patients, 24 men (59%) and 
17 women (41%) were included. The mean age 
at the time of the ACL tear was 21 years (range, 
15 to 29).

The mean time between injury and the first 
consultation was 61 days (range, 2 to 271). All 
the patients presented ACL tear during pivoting 
sports. Ski (29%) and soccer (20%) were the 
more frequently reported activities.

Initially, all the patients presented a firm and 
delayed stop at the Lachmann test. The mean 
differential anterior laxity was 2.6 mm (range, 
0 to 5). Pivot shift was absent in 34 patients 
(83%), noted as glide in 2 (5%) and marked in 
4  patients (10%). The pivot shift could be 
evaluated in one patient. On the initial MRI, 
the ACL lesion was considered as partial in 
89% and complete in 11%. All the patients did 
not present any meniscal or cartilage lesion. 
The mean Tegner score before the ACL tear 
was 7±1 (range, 5 to 10) and the mean IKDC 
subjective score was 96.4±4 (range, 84 to 100).

At mean 8.4 months follow-up (range, 1 to 33), 
100% of the patients still presented an early or 
delayed firm stop at the Lachman test. The 

mean differential anterior laxity was 1.9 mm 
(range, 0 to 5). Pivot shift was absent in 89%, 
noted as glide in 4% and marked in 7%. 

The mean Tegner score was 6.2±2 (range, 
3  to  9) and the mean IKDC subjective score 
was 83±12 (range, 54 to 100). We found a 
significant decrease for both score (p<0.05). 
The mean ACL-RSI score was 68.8±18 (range, 
38 to 100).

All the patients were contacted at a mean 
3.4  years (range, 2 to 8) follow-up from the 
partial rupture.

Twenty six patients still presented a partial tear 
and did not progress to a total rupture. The mean 
IKDC subjective score and Tegner score in this 
population were respectively 83.6±10 (range, 
68 to 100) and 5.8±1.6 (range 3 to 8). The ACL-
RSI score in this population was 69±18 (range, 
43 to 98). Fifteen patients progressed to a 
complete rupture (36.6%).  The mean IKDC 
subjective score and Tegner score in this 
population before the complete ACL rupture 
were respectively 80.5±17 (range: 54 to 100) 
and 7.5±1.2 (range: 6 to 9).The ACL-RSI score 
in this population was 67±21 (range: 38 to 100).

The mean time between partial and total tear 
was 23.4 months (range: 5 to 43). The complete 
ACL rupture occurred in a sport trauma in 
12  cases (80%) and without any trauma in 
3 cases (20%). 

A progression of meniscal lesions was found in 
8 patients (53%). We did not have this 
information for one patient. No chondral 
lesions were recorded.

Tegner score after partial ACL tear was 
significantly higher in patients who progress to 
a complete lesion (7.5±1.2) than the others 
(5.8±1.6) (p=0.03). Only 50% of the patients 
returned to sport at the same level and 45% of 
them progressed to a total tear (Table 1).

There were no significant difference concerning 
gender, anterior laxity, pivot shift test, IKDC 
and ACL RSI score between the two groups at 
the first examination and at 1 year follow-up.
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Because of the small sample number, statistical 
tests were not utilized to evaluate normality. 
Instead, the assessment was performed with 
non-parametric equivalents. The relationship 
between the variables was studied with the chi² 
test, Fisher’s exact test, or Mann Whitney test, 
depending on what corresponded. The 
inference in continuous variables was 
calculated with the paired-samples T-test and 
their results are presented with their 95% 
confidence interval (95% CI). The level of 
significance was set at 5% (α=0.05), bilateral 
approximation.

DISCUSSION

Partial tears of the ACL are reported to 
represent up to quarter of all ACL ruptures. 
Diagnosis may frequently be difficult because 
of poor functional consequences and clinical 
relevance. MRI accuracy is also known to be 
insufficient.

Our approach was to appreciate if a conservative 
management for partial ACL tear can 
reasonably be proposed to the most exposed 
population, where the functional requirement 
is the most important. Considering this point, 
the ability to return to sport, the rate of 
progression to a complete ACL rupture and the 
rate of associated lesions were evaluated.

Conservative treatment was initially proposed 
as the gold standard in case of partial tears. 
Odensten & al. followed 21 patients presenting 
partial ACL tears conservatively treated at a 
mean 6 years follow-up. All patients had good 
or excellent results. The mean Lysholm score 
was 93±6 points. Three were considered as 
unstable at final follow-up [8]. Sommerlath 
&  al. evaluated 19 patients with partial ACL 
tears at 15 years follow-up. Knee function was 
rated as good with a mean Lysholm score of 
93 points. None of the patients complained of 
instability [9]. The authors considered 
conservative treatment as effective only if the 
patients decrease their activity level. These 
studies evaluated a heterogeneous population 
of patients in term of age and meniscal status. 
Even if associated lesions were found in more 
than half of the knees presenting a partial ACL 
tear, the authors considered that non-operative 
management can be established. Our study 
analysed a homogenous population presenting 
a partial ACL tear. All of the patients were 
active and aged less than 30 years. Initially, 
none of them had cartilage or meniscal lesions.

The aim of most patients presenting an ACL 
lesion is return to the same sport and ideally at 
the same level. Noyes & al. did not find any 
correlation between the Tegner score before 
and after injury and the progression to a 
complete ligament deficiency [10].

Table 1:  Tegner score related to the progression or not to a total ACL tear
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In our study, the most exposed activities were 
pivoting sport especially ski and soccer. We 
reported a significant decrease of the Tegner 
score after the partial ACL lesion. Functional 
management allowed a return to sport at the 
level before injury only in half of the patients 
and 45% of them had progressed to a complete 
rupture.

Noyes & al. evaluated 32 patients presenting a 
partial ACL tear at a mean 7.3 years follow-up. 
The rate of return to sport at the same level was 
only 12.5%. No patient progressed to a 
complete rupture [10]. Barrack & al. found 
40% of 35 patients with partial ACL tears who 
were able to return to their pre-injury level at a 
mean 41 months follow-up. Age at the time of 
the injury ranged from 15 to 45 years and the 
level of sport was not advised [11]. Bak & al. 
evaluated 56 patients presenting a partial ACL 
tear without associated meniscal or chondral 
lesions at a mean 5.3 years follow-up. Sixty-
two percent had good or excellent knee function 
with a Lysholm score between 84 and 100. 
Only 30% patients resumed their preinjury 
activities. If we consider patients under 30 years 
old, only 5 patients on 16 (31%) were able to 
return to their preinjury level. The authors 
concluded that the prognosis for knee function 
is good if pivoting sports are stopped [12]. We 
noted a significant decrease of the IKDC 
subjective score at the last follow-up after the 
partial rupture. However, our patients had an 
acceptable knee function at 3.4 years follow up 
with a mean IKCD subjective score over 80%.

ACL-RSI score is described to analyse the 
psychological impact of a ACL tear on return to 
sport. In our study, we observed a mean ACL-
RSI score of 69/100 after partial ACL tears. 
Even though IKDC subjective score was good, 
we noted a decrease of the Tegner score. This 
could be explained by an apprehension to 
return to sport. We did not find a significant 
relationship between the ACL-RSI score and 
progression to a complete rupture.

We observed an important rate of progression 
to a complete rupture (36.6%) at the last 
follow-up. Noyes & al. found a progression to 
a complete tear in 38% with 7.3 years of follow 
up. The authors described 3 levels of partial 

ACL lesions according to the amount of tear: 
25, 50 and 75%. According to the authors, the 
progression to a complete ACL tear was related 
to the initial extent of the partial tear. This 
evaluation was done by arthroscopy [10]. 
Actually, there is no place for arthroscopy in 
the diagnosis of ACL lesions. Clinical 
examination and MRI do not allow an 
evaluation of the amount of the ACL damage. 
Treatment is based on knee stability during 
clinical examination and diagnosis of partial 
tear on the IRM.

Fritschy & al. found 42% of complete rupture 
at 6.5 years follow-up in a non-homogeneous 
population. The mean age at the ACL partial 
tear was 31 years (range 16 to 57 years) and 
most of the patients had associated lesions. The 
ruptures were arthroscopically graded in two 
groups according to the amount of the ACL 
tear : 25-50% and 50-75% of ligament rupture. 
The authors concluded that it was impossible to 
estimate the quality of the remnant ACL fibres 
[13].

In their study, Bak & al. reported only 11% of 
progression to a total tear on 56 patients. This 
lower rate can be explained by an older 
population (age between 17 and 48 years) and 
a reduction of pivoting activities [12].

We observed an important rate of progression 
to a complete rupture (36.6%) with a shorter 
follow-up than what was published in the lite
rature. In our study, progression from a partial 
to a complete ACL tears occurred at a mean 
23.4 months follow-up. It might be explained 
by the population we studied. Younger patients, 
playing pivoting sport may present a greater 
risk to progress to a complete tear.

Most of the authors who studied the outcomes 
of partial ACL tears reported associated initial 
meniscal and cartilage lesions. Noyes & al. 
found meniscal tears in 17 of 32 knees (53%) 
presenting partial ACL tears [10]. In their 
study, Fritschy & al. reported 25 of 43 patients 
(58%) with initial associated lesions. Five 
cartilage lesions were recorded [13]. These 
authors did not evaluated associated lesions at 
the last follow-up and the progression of these 
lesions after complete tears.
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In order to analyse the development of meniscal 
tears, we studied a homogeneous population 
without any associated lesion. Fifty seven 
percents of the patients who progressed to a 
complete tear presented associated meniscal 
lesions. We didn’t report any cartilage lesion 
but our follow-up was short. Young patients 
presenting meniscal and/or cartilage lesion 
have a greater risk to develop early osteo
arthritis. Considering this point of view, 
patients presenting a risk to progress to a total 
tear should be initially identified and a surgical 
treatment should be proposed. Conservative 
treatment including rehabilitation and 
progressive return to sport can be proposed for 
the less active patients.

CONCLUSION

Non operative treatment for partial ACL tears 
can be carefully proposed to young and active 

patients. A lower level of sport than before the 
partial tear is usually reported.

Patient motivation to return to sport should be 
precisely analysed. Identifying patients’ risk 
for progression to anterior cruciate ligament 
deficiency is a critical step in developing the 
treatment strategy. Surgical treatment should 
be proposed to patients who desire to return to 
pivoting sports at the same level. If a 
conservative treatment is decided, return to 
sport should be progressive and patients should 
be informed of the risk of progression to a 
complete rupture and the development of 
associated meniscal lesions.

A longer follow-up is mandatory to analyse the 
development of meniscal and chondral lesions 
in the group which did not progress to a total 
tear.
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INTRODUCTION

Following anterior cruciate ligament (ACL) 
reconstruction, there are many factors that 
influence an individual’s ability, desire and 
decision whether to return to sport and at what 
level. It is recognised that there is a poor 
correlation between objective knee function 
and return to sport following ACL re
construction [5]. This suggests that there are 
other factors that may play a role and these may 
include lifestyle, occupational concerns and 
psychological factors.

Negative psychological responses have been 
associated with sports injury and may persist 
following surgery and rehabilitation. They may 
continue to be present even when an athlete 
receives clearance to return to sports. Such 
negative responses include tension, low self-
esteem, depression and anxiety. The athlete’s 
ability to cope with stress may also influence 
their recovery and rehabilitation.

FEAR OF RE-INJURY

Fear of re-injury may affect an athlete’s ability 
to return to their previous sports and may also 
affect the quality of their performance when 
participating in sport. Using the Tampa Scale 
of Kinesiophobia, Kvist et al. identified fear of 

re-injury as a significant factor in patients who 
did not return to their pre-injury activity level 
compared to those who did [7]. Exactly what 
constitutes fear of re-injury is unclear. It may 
be the fear of the pain of injury itself, fear of 
the subsequent surgery, fear of the rehabilitation 
process and time out of sport, fear of the 
implications for time off work and income, or a 
combination of the above.

Ardern et al. [1] investigated whether fear of 
re-injury was still a consideration in athletes 
who made a successful return to their sport. 
A cohort of 209 athletes answered a series 
of questions regarding the behavioural 
manifestations of fear, such as playing with 
hesitation and being wary of injury provoking 
situations. Overall, the results showed that 
athletes who had successfully returned to their 
pre-injury sport generally participated without 
fear of re-injury. Males who had earlier surgery 
(<3 months after injury) were found to 
participate in their pre-injury sport with the 
least amount of fear. This was consistent with 
previous work which showed that during 
rehabilitation males report being more 
influenced by powerful others, such as trained 
professionals (doctors, physiotherapists) and 
team-mates compared with females. This may 
be protective against any negative psy
chological impact associated with returning to 
sport after this surgery [11].
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SYSTEMATIC REVIEW

A systematic review found that the literature 
about the psychological response of athletes 
returning to sport following injury and/or 
surgery was relatively sparse and that there was 
a high risk of bias for the included studies [2]. 
Nonetheless, the review found that as athletes 
progress through the rehabilitation phase 
towards a return to sport, there is a reduction of 
the negative emotions which are associated 
with the initial injury (such as depression, 
anger and anxiety), and a shift towards more 
positive emotions (such as confidence and 
readiness to return to sport), providing the 
period of rehabilitation has progressed as 
anticipated.

ACL-RSI SCALE: 
DEVELOPMENT

Given the apparent impact of psychological 
factors on athletes returning to sport following 
injury or surgery, it may be helpful to be able to 
quantify some of these factors and also to 
determine whether they have a predictive 
value. The Anterior Cruciate Ligament Return 
to Sport after Injury (ACL-RSI) scale was 
designed to address these issues, given the 
paucity of psychological measures specific to 
sports injury rehabilitation [10]. The aim was 
to develop a tool to specifically measure 
psychological readiness to return to sport after 
ACL reconstruction.

Items developed for the scale were centred on 
three categories of psychological responses 
identified in the literature as being associated 
with returning to sport: emotions, confidence 
and risk appraisal (see Table 1). For the 
emotions category, an extensive search of the 
literature identified fear of re-injury, frustration, 
nervousness and tension as commonly reported 
emotions experienced by athletes during 
rehabilitation and the commencement of sport. 
Five items (items 1-5) were therefore developed 
to measure these emotions.

In the sports setting, confidence typically refers 
to the amount of confidence the athlete has in 
their ability to perform well at their sport. 
However, in the case of ACL reconstruction, it 
may also relate to the level of confidence the 
athlete has in the function of their operated 
knee. Five items (items 6-10) were therefore 
generated to cover these two aspects of sport 
confidence. Three (items 6-8) were developed 
to target the athlete’s confidence in their knee 
function and two (items 9, 10) were developed 
to measure the athlete’s confidence in their 
overall ability to perform well at their sport.

Finally, two items (items 11, 12) were included 
to investigate the cognitive risk appraisal of the 
athlete to re-injury. The second of these, item 
12, was suggested by a patient group during 
pilot testing of the scale for relevance.

The ACL-RSI scale was initially completed by 
220 athletes who had undergone ACL 
reconstruction between 8 and 22 months 
(mean = 12 months) previously. The scale was 
found to have high internal consistency 
(Cronbach’s alpha = 0.96) and principal 
components analysis confirmed the presence of 
one underlying factor that accounted for 67.8% 
of the total variance. It is important to note that 
although the scale was designed around three 
constructs, these constructs were all highly 
related and a single score between 0-100 is 
calculated for the scale where higher values 
indicate a more positive psychological response 
(see Table 1).

To validate the scale, the athletes were divided 
in the following groups; 1) athletes who had 
returned to full completion, 2) athletes who had 
returned to training only, 3) athletes who had 
not yet returned but planning to return to sport, 
and 4) athletes who given up sport. Athletes 
who had returned to full competition scored 
significantly higher than the other three groups 
and athletes who had given up sport scored 
significantly lower [10].
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ACL-RSI SCALE: 
PREDICTIVE VALUE

Given the potential effect of psychological 
factors on athletes during rehabilitation from 
ACL reconstruction, it may be helpful to be 
able to predict which athletes could benefit 
from psychological counselling or intervention 
to ensure that psychological recovery occurs in 
parallel with physical recovery. It is therefore 

relevant to know whether the psychological 
responses athletes experience during the 
rehabilitation period are related to subsequent 
return to sport.

Two large scale studies have been conducted 
which have shown that the ACL-RSI scale can 
in fact be used to predict return to sport 
outcomes. The first enrolled 100 athletes who 
completed the ACL-RSI at 3, 6 and 12 months 

Scale Item Order in Scale

Emotions:

1.	Are you nervous about playing your sport? 3

2.	Do you find it frustrating to have to consider your knee with respect to 
your sport?* 6

3.	Do you feel relaxed about playing your sport? # 12

4.	Are you fearful of re-injuring your knee by playing your sport? 7

5.	Are you afraid of accidentally injuring your knee by playing your sport? 9

Confidence in performance:

6.	Are you confident that your knee will not give way by playing your sport? 4

7.	Are you confident that you could play your sport without concern for your 
knee? 5

8.	Are your confident about your knee holding up under pressure? 8

9.	Are you confident that you can perform at your previous level of sport 
participation? 1

10.Are you confident about your ability to perform well at your sport? 11

Risk appraisal:

11.Do you think you are likely to re-injure your knee by participating in your 
sport? 2

12.Do thoughts of having to go through surgery and rehabilitation again 
prevent you from playing your sport? 10

*	 Item 2 was from the Quality of Life Outcome Measure for Chronic ACL Deficiency (ACL-QOL) 
scale 9.

#	 Item 3 measures “tension” with the positive antonym relaxed used to get a balance between 
positive and negatively worded items.

Each item is scored on a 0-100 scale and scores from the 12 items are summed and averaged 
to obtain a single score (0-100). Higher scores indicate a more positive psychological response.

Table 1: ACL-RSI items
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after undergoing ACL reconstruction surgery 
[8]. At 12 months half of the athletes had 
returned to competitive sports. Scores on the 
ACL-RSI at 6 months were significantly lower 
in the athletes who did not successfully return 
to their competition sport at 12 months 
compared to the athletes who did. Thus, an 
athlete’s readiness to return to sport at 6 months 
after ACL reconstruction surgery was related to 
whether or not they actually returned to sport at 
12 months. This result suggested that it may be 
possible during rehabilitation to identify 
athletes at risk of not returning to competitive 
sport due to psychological.

The second and larger study of 187 patients 
administered a battery of psychological 
assessments, including the ACL-RSI scale, 
before ACL reconstruction surgery, as well as 
at 4 and 12 months after surgery [3]. At 
12 months only 56 athletes (31%) had returned 
to their previous level of sports participation, 
despite scoring well on standard outcome 
measures. Three variables; psychological 
readiness to return to sport, the participant’s 
estimate of the number of months it would take 
to return to sport, and locus of control predicted 
returning to sport by 12 months after surgery. 
Psychological readiness, as measured by the 
ACL-RSI, was the only variable to be 
predictive of return to sport both preoperatively 
and at four month postoperatively. Therefore 
this study showed that even before the 
participants underwent surgery, their 
psychological responses were associated with 
their chances of returning to the pre-injury 
level 12 months later. Furthermore, the results 
of this study suggested that a score of less than 
56 points on the ACL-RSI may indicate an 
increased risk of not returning to the pre-injury 
level and may therefore help clinicians to 
identify at-risk athletes.

The patient cohort of the second study was 
subsequently followed up at two years to 
specifically see whether those who had not 
returned by 12 month made a later return [4]. 
The group included 122 competitive and 
recreational level athletes who had not 
attempted sport at 12 months. Ninety-one per 
cent of athletes reported having returned to 

some form of sport. At 2 years after surgery 
66% were still playing sport, with 41% playing 
at their previous level and 25% playing at a 
lower level. Thus, most of the athletes who 
were not playing sport at 1 year had returned to 
some form of sport within 2 years.

Nonetheless, only 41% of athletes were still 
playing their pre-injury sport at 2 years post-
operatively. When sport participation data was 
categorised by the type of sport, basketball had 
the highest rate of return with 50% of athletes 
playing at 2 years, followed by netball (41%), 
Australian Rules (37%), and soccer (26%). It 
appears that the sustained participation rates 
for those athletes who do not return within the 
first 12 months postoperatively are low. Once 
again, a more positive psychological response 
was associated with participation in the pre-
injury sport at 2 years.

Overall, the ACL-RSI scale appears to be a 
useful tool for screening and identifying 
athletes who may have difficulty resuming 
sport after ACL reconstruction due to psy
chological reasons. The scale is currently 
available in English, Swedish, French [6] and 
German versions, with other translations 
currently underway.

CONCLUSION

Knee injuries are associated with negative 
psychological responses which may persist 
following surgery such as ACL reconstruction, 
and which may influence rehabilitation and an 
athlete’s decision whether or not to return to 
sport. Fear of re-injury is one such factor and 
has been reported to be a relatively common 
reason for patients choosing not to return to 
sport following ACL reconstruction. The ACL-
RSI scale was developed as a tool to assess an 
athlete’s psychological readiness to return to 
sport following ACL reconstruction. It has 
been shown to be a significant predictor of 
whether an athlete will return to sport, not only 
in the 4 to 6 month period following surgery, 
but also pre-operatively. Whether negative 
psychological factors can be addressed during 
rehabilitation remains to be determined.
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INTRODUCTION

Having undertaken a good operation there has 
to be a decision made as to when it is safe to 
return to play. A premature return to play prior 
to restoration of satisfactory neuromuscular 
control to a limb will put the good surgery at 
risk of failure with graft re-rupture. I think it is 
correct to say that most surgeons involved in 
dealing with elite athletes, such as myself, try 
to extend the recovery time to return to play to 
be longer and longer! Most graft re-ruptures in 
elite sport occur with return to play around 
6-7  months post surgery. It is likely that the 
“knee” matures for around 18 months following 
ACL reconstruction. As a result it is illogical to 
return all players to play at the same point in 
time as each is ready at a different time. Apart 
from insisting on minimum safe times, using a 
time-dependent return to play is risky. Although 
the biological healing of a graft may have 
completed prior to 18 months, the fine-tuning 
of neuromuscular control takes a very long 
time; in truth it is probably never entirely 
normal. Nevertheless, with structured 
rehabilitation and maintenance drills, safe 
function is to be expected as long as certain 
criteria are met.

Nowadays when I meet an athlete for the first 
time who has an uncomplicated ACL rupture I 
explain that my aim for them is to return to play 

between six and nine months from surgery. I go 
on to tell them that when I was younger I would 
say to my players confidently: “you will be 
back in six months” - but with experience I 
have learnt it often needs to be longer than that, 
and some individuals take as long as a year. 
Obviously if there are other factors such as 
significant chondral lesions and other ligament 
tears etc. the recovery should be expected to be 
slower. Generally, I don’t use allograft, but it 
would seem logical that these grafts need far 
longer to mature than autograft. Also there 
would be logic (but no proof) that hamstring 
grafts may need longer than patellar tendon 
grafts. Some individuals are prone to ACL 
rupture and therefore also re-rupture of ACL 
grafts due to factors such as malalignment, a 
strong family history, being skeletally 
immature, or being abnormally lax. It is 
important to identify these patients and insist 
on a longer return to play. In elite sport this is 
rarely a concern in senior established players as 
the process of “natural selection” means that an 
ACL tear in this group is actually a relatively 
rare injury. However in the young age group it 
is a real issue.

I support the “traffic light” concept, popularised 
by “Isokinetic”, to govern progress in 
rehabilitation. A player cannot move on to the 
next level of rehabilitation if they are not 
safely, and without difficulty, completing tasks 
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of the lower level. In this way those athletes 
who are capable of a rapid safe return to play 
can do so and avoid any unnecessary delay, and 
will be separated from those who must need a 
longer period to avoid a risky return too early.

Unfortunately despite much study in the area, 
the decision as to when a player can return to 
play remains uncomfortably inexact. I have 
learned to customise my decision making 
according to the patient, key milestones and 
the graft choice. Due to the lack of consensus 
and objective firm criteria a team approach 
combining opinions of physios, team 
physicians, and the surgeon is important.

“NEED TO KNOW” FACTS

1 -The graft is dying or dead before healing and 
rejuvenation.

2 -The ACL cannot be as good as the natural 
one, although statistically patients are more 
likely to rupture the contralateral ACL than 
re-tear the ipsilateral graft. Nevertheless if 
they have torn their natural ACL, don’t forget 
they can certainly tear their “new” one!

3 -Knee joint proprioception will never be 
the same again hence problems with mal-
alignment, or a suboptimal ACL reconstruction.

MY DECISION MAKING 
STRATEGY

When I am at the point of considering a return 
to full training, and subsequent play, I use the 
following factors to determine a return to play 
time once a player has successfully completed 
their rehabilitation period, and at a minimum of 
6 months after surgery:

Factor One: Player Confidence

It seems logical that a player should not 
compete until they are totally confident. There 

is a problem with this criterion-many athletes 
have achieved much in their careers by having 
an abnormally positive attitude to play, even 
despite “carrying” injuries. I therefore cannot 
be persuaded by player confidence alone! 
Alternatively, if a player lacks confidence this 
usually reflects a significant deficit in their 
readiness to play, and I take that very seriously.

Factor Two: The Dry Knee

An effusion is a reflection of either a problem or 
that the knee is not ready for loading. Naturally 
after any injury, and this includes surgery, there 
will be an inflammatory response and fluid will 
accumulate in the joint. In the longer term fluid 
may persist if there is subtle instability in the 
joint, chondral damage or mechanical issues 
such as meniscal tears. It is essential to take an 
effusion seriously since trying to continue with 
activity whilst the knee is swollen can cause 
permanent damage. The fluid is thin rather than 
naturally occurring thick synovial fluid and is 
therefore a poor lubricant and shock absorber, 
plus it contains chemicals from the inflammatory 
response that perpetuates the inflammatory 
response and swelling. I also suspect the 
inflammatory mediators soften the articular 
cartilage. It is not uncommon for a player 
working through an effusion to develop 
subsequent chondral damage, such as in the 
trochlear groove, related to the loading of 
rehabilitation exercises. These situations are 
very regrettable. A collaboration between 
Fortius Clinic and The Kennedy Institute at 
Oxford University has recently shown a 
correlation following knee injury between 
increased levels of various markers, especially 
IL6, with low KOOS4 scores and improving 
KOOS4 over time as the IL6 falls [1].

If effusions persist past three months into the 
recovery I obtain an MRI scan and will often 
undertake an arthroscopy if there is any 
suspicion of a mechanical problem such as a 
meniscal tear. If the chondral surface looks 
healthy and there is no sign of meniscal 
pathology then aspiration of the joint and 
injection of PRP, or viscosupplement and some 
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steroid is appropriate. Steroid must not be used 
to progress a player towards play however and 
is simply rather used to calm the knee down to 
allow resolution of effusion for a period of 
relatively low loading to regain muscle strength 
and neuromuscular control before proceeding 
again some weeks later.

In my career cases in which all seemed to be 
well apart from an effusion have been 
associated with premature graft re-rupture. 
Swelling has to be respected.

Factor Three: Aerobic Fitness

It seems obvious that allowing athletes who are 
aerobically unfit to play is a risk. They will 
fatigue quickly and lose neuromuscular control, 
which will put them at risk of graft re-rupture. 
Aerobic fitness is easily measured with 
functional testing and tests such as a VO2 Max.

Factor Four: The Concept of Limb 
Symmetry

This concept embodies the theory that normal 
neuromuscular control in the limb will protect 
ACL graft.

Some athletes will have jump/land mechanics 
that are putting them at risk of ACL injury. 
These need to be corrected during the rehab 
process of course. This is particularly true of 
female athletes who have a tendency to land 
with valgus and external rotation, even in the 
uninjured limb.

I explain to the players that they should have 
limbs with sufficient muscular symmetry that I 
find it hard to judge which was the knee that 
was operated upon. They can have their 
muscle strength tested with isokinetic testing 
and have functional testing such as hop 
heights, hop distance and star excursion 
measured. Prior to return to play I aim for a 
deficit of less than 5% side to side. I also 
explain that none of the tests we do are perfect 
since they cannot replicate true on-field play. 

Nevertheless they, of course, provide helpful 
evidence to justify return to play.

Factor Five: Timing

Whilst anecdotally I have had many players 
return ahead of schedule I realise this is not 
something that should be encouraged since the 
majority of players will be at risk if they do this.

Factor Six: Graft Maturation

The reality is that we have no firm understanding 
of the biology of graft healing. It would be 
logical to suggest that the fastest healing within 
the bone tunnel would be to blocks of a 
quadriceps tendon or patellar tendon. It is 
likely that the quality of soft tissue healing in 
these grafts is also better as they have a natural 
attachment to their bone blocks. It would also 
be logical to think that the slowest healing of 
all would be with Allograft. The truth is that the 
proof of this is lacking. We can only really 
guess at the various stages of healing presuming 
an initial graft degradation followed by 
revascularization and subsequent ligamenti
sation with the laying down of collagen. The 
only judge of the healing process is clinical 
examination, the presence or absence of an 
effusion, instrumented laxity testing, stress 
radiographs, or MRI appearance. MRI scans 
report the signal of the graft with a dark black 
appearance indicating good healing and a pale 
appearance indication oedema in the graft. 
Unfortunately we do not have firm data as to 
how this can guide is with regards to timing of 
return to play. Perhaps a pale graft should delay 
return to play and reduce loading durng the 
rehabilitation period. When a loose ACL is 
obvious by clinical examination, it is too late to 
make any adjustments to the graft itself. Adding 
a lateral tenodesis in some cases could be 
justified, but practically it would be best to 
encourage an athlete to accept a slower return 
to play hoping that better neuromuscular 
control after a longer rehabilitation period 
could allow the player to cope dynamically 
with their ACL laxity.
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CONTINUING 
SAFEGUARDING AFTER 
RETURN TO PLAY

When they are back on the pitch – they think it 
is all over – it’s not! With the knowledge that 
the knee will mature for 18 months and will 

never be normal it is important that the 
1st  season has altered training and playing 
schedules including recovery and consolidation 
periods and graded exposure to match play. To 
avoid re-rupture preventative maintenance 
strengthening and conditioning programmes 
must be used career long. The basis of these 
can be the FIFA 11+ and PEP programmes.
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