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Introduction

Anterior cruciate ligament (ACL) injury is one of the most
frequent injuries in sportsmen with a reported prevalence of
around 68.6/100,000 per year [1]. ACL reconstruction (ACLR) is
one of the most commonly performed orthopedic procedures. An
ACL-deficient knee shows an anterior laxity and a variable degree
of associated rotational instability. A variable injury to the lateral
capsule-ligamentous structures has been hypothesized in the onset
of rotational laxity. Historically, anterior laxity in ACL-deficient
knees was surgically treated with isolated extra-articular tenodesis,
as described by Lemaire or MacIntosh. This procedure was effective
in reducing the rotation of the tibial plateau relative to the femur;
however, isolated extra-articular reconstructions provided only
moderate control of anterior laxity. In addition, the overall long-
term results of these procedures were poor and only few patients
reported good to excellent results. The main drawback of these
techniques is that they are non-anatomic and do not restore the
function of the ACL in preventing anterior tibial translation. These
procedures were largely abandoned when single-bundle intra-
articular ACL reconstruction emerged as the gold standard surgical
treatment of ACL tear. However, traditional trans-tibial ACLR had
the disadvantage of inter-related tunnels preparation. This may
lead to a vertical femoral tunnel, with insufficient pivoting control.
In fact, the most common problem after ACLR is the residual
rotational instability, which has been described in 11% to 30% [2-
4].

More anatomic single bundle procedures (for example antero-
medially performed femoral tunnel) have the advantage of more
horizontal graft with better rotational stability [5-7]. More
recently double-bundle technique has been proposed to achieve

the anatomic and biomechanics of the native knee. Unfortunately,
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up to date there is no clear evidence of better control of rotational
laxity [8-10]. Rotational instability has been related to the injury
and loss of function of the antero-lateral structures [11-12] with
the anterolateral ligament receiving increasing interest in recent
years. The antero-lateral capsular injury is frequently associated
with ACL tears, the capsular avulsion is termed a Segond fracture
when associated with bony avulsion of the lateral tibial plateau but
does not always include an osseous fragment.

This lesion has been shown to be present in the vast majority of
acute ACL injuries and its presence is associated with significantly
increased rotational knee laxity [13]. In order to improve the
control of pivoting phenomenon in patients with antero-lateral
capsule injury, some surgeons have started using the addition of
a lateral extra-articular tenodesis to the standard intra-articular
ACL reconstruction (ACLR). Nowadays an extra-articular tenodesis
is recommended only in patients showing explosive rotatory
instability with pivot shift 3+.

Anatomy and Biomechanics

The anterolateral ligament (ALL) takes origin near the popliteus
tendon insertion and inserts into the lateral meniscus and tibial
plateau 5 mm distal to the articular surface and posterior to Gerdy’s
Tubercle [14,15] (Figure 1). The average width of this relatively flat
structure is 8.2+1.5 mm, and the average length is 34.1+3.4 mm.
Histologic analysis shows a fibrous core surrounded by synovium;
additional peripheral nervous innervation and mechanoreceptors
have also been showed. Biomechanics studies have shown that ALL
section resulted in a significant increase in ATT at 60° and IR at
30°, 45°, and 60° [16]. Therefore, it was postulated that damage
of the ALL after knee sprain could be related to the pivot shift
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phenomenon. On the contrary the role of all in meniscal stability
and in the onset of meniscal pathology remains unclear.

4 A

Figure 1: The ALL has close interaction with the popliteus tendon

and the ileo-tibial band
N J

Indications and Contraindications
Indications

Extra articular procedures should be considered in cases
where the expected failure rate is increased. Therefore, the
primary indication for an extra-articular tenodesis is in case of
a 3+pivot shift during physical examination. In these patients,
isolated intra-articular reconstruction may not completely control
excessive anterior tibial translation and internal rotation in
the lateral compartment. Other indication is in case of patients
with generalized hyperlaxity. Extra-articular augmentation in
patients who plan to return to collision sports, in female patients
playing contact sports, in case of genu recurvatum >10" and when
concomitant extensive medial menisectomy is performed. The
additional constraint may help to protect these knees from the high
loads seen in these sports and may decrease the re-rupture rate.
Extra-articular tenodesis should also be considered in patients
younger than 20 years of age. It has been shown that these patients
are at an increased risk of rerupture of an isolated intra-articular
graft. Finally, these augmentations should be performed in revision

cases.

Contraindications

The
contraindicated

addition of an extra-articular reconstruction is
in ACL-deficient knees with an associated
posterolateral corner injury. In this situation, the lateral
augmentation may fix the tibia in a posterolaterally subluxed
position. The extra-articular reconstruction should also be
carefully considered in skeletally immature patients because of
the risk of injury to the femoral physics. Older studies have shown
increased risk of lateral tibiofemoral degeneration after an isolated
extra-articular reconstruction. This may have been a result of over
tensioning of the graft leading to over constraint of the lateral
compartment or may have been related to the 4 to 6 weeks of

postoperative immobilization

The History of Extra Articular Procedures

Segond was the first to describe a reinforcement of the lateral
joint capsule by fibers of the iliotibial band [17]; in addition, this
structure showed increased tension during forced internal rotation.
Terry and La Prade referred to this reinforcement as the “capsulo-
osseous layers” of the iliotibial band and associated its injury with
increasingly abnormal Lachman, pivot shift, and anterior drawer
tests [18,19]. LaPrade and colleagues described the same structure
as the “mid-third lateral capsular ligament” [19]. Campos and
colleagues called it the “lateral capsular ligament” and Vieira and
colleagues referred to it as the anterolateral ligament [20].

Isolated extra-articular proceduress

These operations were proposed as isolated procedures in
anterior cruciate deficient knees.

1967 Lemaire procedure [21]: A strip of iliotibial band was
harvested detaching it proximally. The strip was prepared and
then passed deep to the fibular collateral ligament (FCL), through
a femoral tunnel at the attachment point of the head of the lateral
gastrocnemius. The graft was then passed deep to the FCL a second
time and fixed with sutures to the iliotibial band with the knee
flexed to 30 and held in external rotation.

1976 MacIntosh procedure [22]: A strip of iliotibial band
was detached proximally and passed deep to the FCL. The strip was
then passed through an osteoperiosteal tunnel prepared posterior
to the FCL femoral attachment. The graft was then looped through
the lateral intermuscular septum and sutured back onto itself at
the Gerdy tubercle with the knee flexed to 90 and held in external
rotation.

1978 Losee procedure [23]: An iliotibial band graft was
detached proximally and passed through a femoral tunnel that
originated at the attachment point of the lateral gastrocnemius and
ended anterodistal to the FCL femoral insertion site. The graft was
then sutured at the Gerdy tubercle with the knee flexed to 30° and
held in external rotation.

1979 Arnold and Coker procedure [24]: A strip of iliotibial
band was detached proximally, passed beneath the FCL and
popliteus tendon, and sutured to the Gerdy tubercle with the knee
flexed to 90-100° and the foot held in external rotation.

1979 Ellison procedure [25]: A distally detached strip of
iliotibial band with a bone flake was passed deep to the FCL and
anchored in a bone trough slightly anterior to its original harvest
site at the Gerdy tubercle with the knee flexed at 90° and held in
external rotation. The capsular structures were reefed deep to the
FCL.

1982 Benum procedure [26]: The lateral one-third of the
patellar tendon was harvested proximally with a patellar bone
block, passed deep to the FCL, and fixed with a staple within a bony
groove deep to the femoral origin of the FCL with the knee flexed to
45° and held in external rotation.
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1982 Andrews procedure [27]: Two strips of iliotibial band
were detached proximally and sutured a tubulized at their proximal
ends. Then, the sutures were passed through 2 parallel tunnels,
which originated at the lateral femoral condyle and exited at the
medial femoral condyle. After passing through the tunnels in the
lateral-to-medial direction, the sutures were tied together over
the adductor tubercle. The grafts were fixed with the knee flexed
to 90° and held in external rotation. In addition, the grafts were
fixed to ensure that the anterior bundle was taut in flexion and the

posterior bundle was taut in extension.

1983 Miiller procedure [28]: A strip of iliotibial band was
detached proximally and fixed with 2 cancellous screws to a point
anterior to the junction of the femoral shaft and lateral femoral
condyle with the knee held in external rotation.

Modified Andrews procedure [27]: The iliotibial band was
divided, and a 20-mmwide portion of the band was detached
proximally. The strip of iliotibial band was fixed with a soft-tissue
fixation screw and washer at the distal insertion of the lateral
muscular septum on the linea aspera, just anterior to the posterior
femoral cortex.

1990 Wilson and Scranton procedure [29]: A strip of
iliotibial band was detached proximally, passed deep to the FCL
and lateral gastrocnemius tendon and sutured back onto itself
with the knee flexed to 60° and the foot held in external rotation.
This extraarticular reconstruction was used in conjunction with an
intra-articular ACL semitendinosus graft reconstruction

Combined extra-articular procedures

These operations were proposed in addition to ACLR to increase
stability and achieve better control of pivot shift phenomenon.

1979 Marshall procedure [30]: It was described as a
modification of the original MacIntosh procedure to address both
the ACL insufficiency and the lateral structures damage. The central
third of the entire extensor mechanism was harvested including
part of the prepatellar aponeurotic tissue. The tibial tunnel was
prepared in a standard fashion and location; the graft was then
passed through this tunnel, into the joint and over the top of the
lateral femoral condyle to be fixed on the Gerdy tubercule.

1985 Combined MacIntosh procedure [31]: It is variation
of the previous isolated extraarticular tenodesis to perform
combined ACLR and lateral tenodesis. A 25cmX4cm ITB strip was
obtained keeping the distal insertion in place. The graft was passed
underneath the LCL and through a subperiosteal tunnel to exit
anterior to the condylar attachment of the lateral intermuscular
septum. The strip was then retrieved in the joint, passed in the tibial
tunnel and finally through another tunnel running deep from the
insertion of the patellar tendon back to the Gerdy’s tubercle. The
fixation with non-absorbable suture was performed at three levels:
the femoral attachment of the LCL, the exit of the subperiosteal
tunnel, and the medial aspect of the tibial tuberosity and at Gerdy’s
tubercle.

Citation: Sebastian Orduna, Nagib Atallah Yordi. Lateral Extraarticular Tenodesis in Combination with ACL Reconstruction: Indications,
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1986 Zarins and Rowe procedure [32]: The semitendinosus
tendon was detached proximally and passed through an obliquely
oriented tibial tunnel, across the knee joint, and over the lateral
femoral condyle. After passing it over the lateral femoral condyle,
the graft was passed deep to the FCL and sutured onto the iliotibial
band. Similarly, the iliotibial band was passed deep to the FCL
and over the superior aspect of the lateral femoral condyle. After
passing over the lateral femoral condyle, the graft was passed
across the knee joint, through the same obliquely oriented tibial
tunnel as the semitendinosus tendon, and fixed with sutures to
the semitendinosus tendon with the knee flexed to 60 and held in

external rotation.

1987 Lerat procedure [33]: The lateral third of the patellar
tendon with an attached 10- 12 c¢m strip of quadriceps tendon was
harvested. The tibial tunnel was created in a standard fashion and
the femoral tunnel emerged just proximal to the LCL insertion. An
additional tunnel was then created at the level of the Gerdy tubercle.
The patellar bone graft was shaped in order to obtain a press fit
fixation in the femoral tunnel while the tibial bone block was
retrieved from the tibial tunnel, tensioned with a metallic wire and
fixed over a screw. With the knee at 60° of flexion the quadriceps
tendon was passed underneath the LCL, through the tunnel under
the Gerdy tubercle and sutured to itself.

1989 Ekstrand procedure [34]: It is a personal modification
of the combined Maclntosh procedure. A femoral tunnel was
prepared to host the graft instead of the “over the top” option.

1998 Marcacci The

semitendinosus and gracilis tendons were harvested proximally,

and Zaffagnini procedure [35]:
sutured together, and passed through a tibial ACL reconstruction
tunnel. The graft exited the tibial tunnel intra-articularly and was
passed through the posterior aspect of the femoral notch and over
the top of the lateral femoral condyle. The graft was then passed
deep to the iliotibial band and over the FCL and was fixed distal to
the Gerdy tubercle with the knee flexed to 90 and held in external
rotation .

2011 Colombet procedure [36]: A 21 cm hamstring graft was
prepared after detachment of the tibial insertion. The femoral and
tibial tunnels were drilled in a standard manner, while an additional
tunnel was drilled from the Gerdy tubercle to the hamstring origin.
In case of sufficient length, a 4-strand intra-articular portion (9cm)
was used to replace the ACL and 2-strand extra-articular part
(12cm) was prepared to perform the lateral tenodesis. In case of
insufficient length both the intra and extra-articular portions were
prepared in a 2-strand fashion. The graft was then fixed with two
screws at the level of tibial and femoral tunnel. The extra-articular
portion was passed under the ITB but superficial to the LCL, into
the tunnel in Gerdy’s tubercle and finally fixed with an interference

screw.

2013 Neyret procedure [37]: This technique was introduced
in the nineties; it predicts an “out-in” ACLR using a 9mm central
third bone-patellar tendon-bone graft. The tibial bone block used
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on the femoral tunnel was wider (around 11-12mm) to host a 4.5
mm drill hole. The femoral tunnel was drilled just posterior and
proximal to the origin of the LCL. An additional tunnel was created
at the level of the Gerdy tubercle. The gracilis tendon, which was
prepared for the extra articular tenodesis was passed through the
tibial bone block hole to obtain two strands of the same length.
The patellar tendon graft was introduced into the knee through
the femoral tunnel. The tibial bone block was impacted into the
femoraltunnel to achieve a press-fit fixation, securing at the same
time the gracilis into the bone tunnel. Tibial fixation was achieved
with an interference screw. The two ends of gracilis were passed
underneath the LCL and in opposite directions through a bony
tunnel created in Gerdy’s tubercle. Final fixation was obtained
suturing the ends to each other with the knee held at 30° of flexion.

Antero-lateral ligament reconstruction

2015 Smith procedure [38]: This technique uses both
hamstring tendons. The semitendinosus is used for an “all-inside”
ACLR, the gracilis to reconstruct the ALL. Two 4.5 mm by 25 mm
tunnels are created, one just anterior and superior to the femoral
insertion of the LCL and the second halfway between Gerdy’s
tubercle and the fibular head, around 1cm below the joint line.
A whipstitch is placed in the proximal end of the gracilis tendon,
which is then passed into the femoral tunnel and secured with an
absorbable fully threaded knotless anchor. The graft is then passed
underneath the ITB and into the tibial tunnel. Final fixation is
performed with another fully threaded knotless anchor.

2015 Helito procedure [39]: It is a combined procedure
involving tripled semitendinosus and single strand gracilis in
order to obtain a four-strands ACL and single-strand ALL. Under
fluoroscopic control, a 5 mm metal suture anchor is placed at the
ALL femoral attachment (3-4 mm distal to the halfway point on
Blumensaat’s line). ACL femoral tunnel is performed in an out-in
fashion and the tibial tunnel in a standard manner. The graft is
retrieved from distal to proximal in order to have the four-strands
in the joint. Femoral fixation is performed first, with a lineto-
line absorbable screw. Tibial fixation is the achieved with a +1
absorbable screw holding the knee at 30° of flexion and neutral
rotation. The gracilis is fixed on the femur using the metal anchor.
Tibial fixation is achieved with a second suture anchor positioned
at the anatomic insertion halfway between Gerdy’s tubercle and the
fibular head, 5 to 10 mm below the joint line88. The graft is then
passed under the ITB and is fixed with the second anchors sutures
at 60-90° of flexion.

2016 Sonnery-Cottet procedure [40]: Itis a similar technique,
with pediculate hamstring graft. The tibial tunnel is performed in
a standard fashion. Two stab incisions are performed to create an
additional 3.2mm tunnel connecting the supero-lateral corner of
Gerdy’s tubercle and the site of the Segond fracture (more proximal
and lateral) is created. The ACL femoral tunnel emerged at the
ALLisometric point. ACL graft was fixed with absorbable screws.

The remaining part of the gracilis tendon is passed deep to the

ITB but superficial to the LCL, through the ALL tibial tunnel and
then back through the femoral tunnel in order to create a Y-shaped
ALL construct. The ALL graft is fixed with an interference screw
in extension and neutral rotation and secured at the ACL femoral
tunnel with the ACL graft traction sutures.

2016 Wagih procedure [41]: It is a percutaneous technique
of ALL reconstruction using a polyester tape90. A 5mm transverse
skin incision is performed at the level of femoral insertion of the
ALL (just anterior and distal to the lateral femoral condyle). A
4.5mm tunnel is drilled over a 2.7mmpassing pin. In a similar way,
two 4.5mm transverse tunnels are drilled just proximal to the
midpoint between the head of the fibula and Gerdy tubercle leaving
a 1cm bony bridge. A polyester tape of 4 mm diameter and 60 mm
length is loaded over a cortical suspensory fixation button, which is
retrieved from the medial femoral tunnel. The two free hands of the
tape are passed deep to the ITB and retrieved on the lateral aspect
of the proximal tibia. Finally, the two strands are passed through
the tibial tunnels and tied together over the 1 cm bone bridge with
the knee in 30° of flexion.

Our Technique

Lateral extra-articular tenodesis (LET) technique was developed
to improve the anterolateral capsular structures deficiency. Patient
in supine position under femoral block anesthesia. We start the
surgery drawing the approach line over the lateral area of the knee,
(Figure 2).

4 A

Figure 2: Knee Position on 90° of flexion.

Figure 3: Exposure lliotibial band after soft tissue release.
A J
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We perform the physical examination of the knee performing
Lachman, anterior drawer and Pivot shift, varo-valgo stress tests
in 0-30-90 degrees knee flexion. We don’t use hemostatic support
active, just keep it in the thigh for some emergency. We perform 4-5
cm approach, after soft tissue release, we reach the Iliotibial band,
we use three retractors for marking the fascia late graft 2cm width
by 10cm length (figure 3). We release proximally the graft and leave
the distal attachment intact on the gerdy tubercle (Figure 4,5).

e - _ N
Figure 4: Harvesting the |.T. band from proximal.
J
-
e ﬂ:&
Figure 5: 2cm x 10 cm iliotibial graft attached at Gerdy tubercle.
J
-
Figure 6: Cotton tape augmentation.
\ J

Then we use a white cottony tape for augmentation the graft
and make strong Krakow suture in the end of the graft (figure 6).
We indentify the LCL and the graft is passed under the LCL using a
right-angle pincer (figure 7,8).

Figure 7: Right angle pincer under the LCL.
\ J

e N

Figure 8: Passing the loop under de LCL.
\ J

After the graft is placed under LCL, the femoral tunnel is

performed, the footprint is situated 2 mm posterior and 2mm
superior from the lateral epicondyle (Figure 9). We use a wire
passing through both condyle, then we measure the graft width and
use the driller for making the tunnel, usually 6-7 mm driller size by
6 cm length (Figure 10).

e _ N

Figure 9: The graft is under the LCL and the femoral tunnel
footprint 2 mm posterior and 2mm superior from the lateral
epicondyle.

\

Figure 10: Wire inside the tunnel and 6 mm reamer.
\ J
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We use the wire guide for passing the irreabsorbible suture
and passing the graft through the tunnel. (figure 11). The graft is
passed through the tunnel and it is fix temporarily by the time we
perform the knee stability tests, and we confirm the full range of
motion of the knee without over tensioning the graft either the
lateral compartment (Figure12).

4 A

Figure 11: The loop inside the tunnel and the graft on the way.

AN J
N
Figure 12: The graft is inside the tunnel and we check the tension
correct the graft tension from the medial side in full extension and
flexion.
- J

We fix the graft with an interferential bioabsorbable
interferential screw in full extension and neutral rotation of
the knee (figure 13). We carefully close iliotibial band avoiding
overtightening because the patient will complain pain during the
postop (figure 14)

4 A

Figure 13: Bioabsorbable interferential screw in full extension
position.

4 A

Figure 14: lliotibial band fascia closure.
\ J

We use a drainage 24 hs. We indicate brace for 4 weeks allowing
the patient physiotherapy and 0-90 degrees flexion 48 hs post op.

Conclusion

ACLR is a successful procedure both in terms of patients’
satisfaction and sports recovery. However persistent instability and
re-rupture rates are still a concern. Anatomic and biomechanics
studies have investigated the role of the structures of the lateral and
anterolateral aspect of the knee. They contribute to the rotatory
stability of the knee, thus preventing the pivot shift phenomenon.
Imaging studies have shown high rate of injuries of these structures
in patients who have been diagnosed as affected by isolated ACL
rupture. It seems therefore reasonable to address the damage of the
anteo-lateral structures in the setting of an ACLR at least in specific
situations. Current indications include explosive preoperative
pivot shift and revision cases. Historic extra-articular procedures
have been replaced by more anatomic ALL reconstruction with
promising results.
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